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SUMMARY .

The reduction of acetylcyclopropanes with metal-ommonia solutions
has been investigated. By studying the preferred direction of ring-
opening of acetylcyclopropanes substituted in the 2-position of the
cyclopropane ring, it has been shown that both steric and electronic
factors are important in deciding the products of rearrangement. The
reductive cleavage of conjugated cyclopropyl ketones with metals in
liquid ammonia is, overall, a two electron reduction. Rearrangement
could, theoretically, occur via (a), a radical-anion species, after
the addition of one electron to the carbonyl group, or (b), a
dianion species, generated by the addition of two electrons to the
carbonyl group. In the absence of any steric effect, ring-opening
has been shown to occur predominantly such that the cyclopropane- bond
cleaved is bhe one which gives rise to the more thermodynamically stable
carbanion intermediate (least substitubed ® carbon atom).

A polarographic study of various conjugated cyclopropyl ketones
in liquid ammonia was undertaken to try and differentiate between the
mechanism involving (a), a radical-anion intermediate in which the
negative charge was associated with carbon and not, as is more usually
considered, with oxygen, and (b), a dianion intermediate. Although
waves, corresponding to the polarographic reduction, in liquid ammonia,
of the ketones studied, were observed, no information was obtained
to enable a differentiation of the two mechanismg to be made.

The existence of a salt effect in the reductive rearrangement
of 1-acetyl-2,2-dimethylcyclopropane, with lithium in liquid ammonia,
has been shown, and a mechanism to explain the observed ratio of

rearranged products has been proposed.
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The radical-induced rearrangement of acetylcyclopropanes,
substituted in the 2-position of the cyclopropane ring, has zlso been
shown to be dependent on both steric and electronic factors. In the
absence of any steric effect, ring-opening occurs such that the
cyclopropane bond cleaved gives rise to the more thermodynamically
stable intermediate, from considerations of relative radical stability.

All attempts to rearrange acetylcyclopropanes through authentic
carbanion intermediates failed.

The importance of transition state conformations in the reduction

of conjugated cyclopropyl ketones has been discussed.
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INTRODUCTION.

Preparation of Cyclopropyl Compounds.

Because of the difficulty experienced in synthesising some
cyclopropylcarbonyl compounds used in_ this work, it is relevant to give a
brief summary of the synthetically important routes to this type
of compound.

There are three important routes to K -cyclopropyl ketones:

1) Cyclisation of chains of three carbon atoms, the first or third
of which is adjacent to a carbonyl, or potential carbonyl centre,

0f this type are the cyclisation of § -substituted ketones and in
particular the intramolecular alkylation of ¥ -halogenoketones and
related compounds in basic media;1 the reaction of o, -unsaturated
ketones with ylides such as dimetgyloxosulfonium met.hy'lide,2 and the

reaction of epoxides with ylides.

2) Addition of a methylene, or substituted methylene group, onto the
olefinic double bond of an o ,{ -unsaturated carbonyl, or potential
carbonyl compound.4

3) Addition of an acetonyl (GHBCOGH-), or potential acetonyl group,
to an olefin.5

Other, less general, methods are the ring contraction of 1,2-epoxy-
cyclobutane derivative56 and 2-bromocyclobutanone derivatives,7 the

dehalogenation of o(,d.-bis(bromomethy13cycloalkanones,8 and the reaction

of K ~halocarbonyl compounds with dimethyloxosulfonium methylide.9

The photosensitised decomposition of aliphatic o -diazoketones in

the presence of olefins,10

1

and the acid-catalysed, thermal rearrangement
of allenic tosylates  have algo been used to prepare cyclopropylcarbonyl
compounds.

Considerations such as the availability of starting materials,

variation of substitution in the product, configuration of thc product,
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and yield make the three most important methods, from a synthetic
viewpoint, the reaction of o ,® -unsaturated ketones with ylides, the
addition of a methylene group, or substituted methylene group, onto the
olefinic double bond of an «,( -unsaturated carbonyl, or potential
carbonyl compound, and the addition of an acetonyl group to an olefin.
0Of these three methods, the second, in the form of the Simmons-Smith

12-14

reaction of unsaturated compounds with the organo-zinc compound

prepared from methylene iodide and zinc-copper couple in ether,15 has

12,14 atid

13,21,22

widest application. Methylenation occurs with olefins,

o ,& ~unsaturated alcoh013,12913,16-20 19

13,17 ,20,22

amines, ° esters,

and ketones.18’23 The reaction is stereospecific17

ethers,
and so specific geometric isomers can be prepared.

Methylenation, using the Simmons-Smith reaction, of @ ,§ - and
§,$ -unsaturated compounds'©?122%4 ig the only general method for
preparing directly products in which the cyclopropane group is other

than K to a functional group.

Reductive Ring-Opening of Conjugated Cyclopropyl Ketones.

The reduction of organic compounds by metals dissolved in liquid

ammonia is a well-established technique.25’26 When conjugated

21

cyclopropyl ketones are reduced by metals in liquid ammonia,”  they

undergo reductive cleavage of the cyclopropane ring. The reduction of
this function when contained in a fused bicyclic gystem has been shownzs’29
to proceed with a highly stereogpecific opening of the cyclopropane ring,
the steric cource of which appears to be determined by the stereochemistry
of the starting material. Examination of molecular models shows that
the cyclopropane bond which is cleaved is the one possessing
maximum orbital overlap with the W -orbital of the carbonyl group.

This stereoselective, reductive cleavage is illustrated

with the reduction of (+)-carone (1), which gives only
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, 1
(=)= carvomenthone (2) on treatment with lithium in liquid ummon:'a.z.& ?
o} 0
Sy 1 ‘\/u\
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(1) (2)

Only the 0(1)-0(7) bond, which from models appears to have good
overlop with the ° -orbital of the carbonyl group is cleaved. None of
the product which would be formed by cleavage of the C ( 1)-(} (6) bord is
observed. Similarly, the cyclopropyl ketone (3) gives only one product,
(8 ank (=)~ sebinsistons (5) gives culy (B)~(+)-5- methyl-5-1sopropyl~
- cyclopentanone (6).

i
(8)

(4)

1 0

° ; 7

5 >
—

7
i
(®) NG
Orbital overlap considerations slso appear to control the direction

of ring-cleavage Z?]n the reduction of 3- methylcar-4- en-2- one (7) with
sodium in ethanol. A priori, 0(1)-0(6) bond cleavage might be expected
to be energetically favoursble here, owing to the formation of mn
intermediate allyl radical or anion, but only C (1)-{!(7) bond cleavage,
to give product (8), is observed.

\/

4 0 OH

' 4

) -\ (8
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Examination of models indicates $hat the C(4)-C(7) bond is
betiter placed %o overlap with a w-orbital of the carbonyl
group than the C(4)-C(6) bond, considcrable distoriion of
the molecule bheing nccessary to give overlaep in the latter
COSC. Models also suggest that furthor distortion would
bc necessary to allow 2 rsdical or anion.producsd at. 0(6
with the C(4)-C(5) double bond,

In the above examples, it is obvious which of the two

gyolopropane bonds concerned overlaps best with tho

) to.-overlap

K-orbical of the carbonyl group, bui in somec caoscs it is

difficult %o dccide which bond gives the besi orbival overlap.
This situation is illusiraicd in the reductive cleavage 5
of (+)=pericyclocimphanouc (9) which gives only (+) - comphor (l)%

0 o. [
s \ \f<<\\5
XYE/ > X0

5

(2 (10)
A priori, onc would expect the C(3)-C(y)ond C(3)=-C(5)
bonding orbitals o overlap equally well with the
X -orbitals of the carbonyl group, However, Worin
postulated that the interaction between the gem inal methyl
group and the hydrogens on C(6) caused a slight distortion
incrcasing the C(3)~C(5) bond overlap, thus explaining the
observed singlc product,

The rcductive cleavage of conjugated cyclopropyl
keiones with metals in liquid ammonia is, overall, a two
elecitron reduction. Rearraagement could occur through
(a), a radical-anion specics, aftcr the oddition of one
electron %o the carbonyl group, or (b), a dionion species,
generatecd by fthe addition of two clccirons to the csrbonyl
group. It can be secn that rearrangement of
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elecirons in the bond cleavage step of the reduciion lcads
%o elther an alkyl radical or a cerbanion intermcdiate,

Becausc of tho differing stabilities of primary,
secondary, and itcriiary carbenions and radicals, 1% should
be possible to differentiate beciween a mechanism lavolving
an alkyl radical intormcdiate and a mechanism involving o
corbanion intermediate. It is known thai the svabiliiy
of a radical increascs with Increesing substitutionquand
that the stability of a carbanion decreases with increasing
..substitutimQFZB Therefore, whcn eleccironic factors alone
decide the direciion of clcavagc, cleavage of an
unsymme trically substituicd cyclopropane ring should give
rise preforeniially %o thai product which is derived from
the most substituted radical initermediate for an olkyl
radical mechanism, and to that product which is decrived
from the least substituicd carbanion intermediete if recarr-
angoment occurs through a corbonion mechanism,

The assumption that the rclative stobilitics of the
intermediates should influsencc the direction of ring-
opening when electronic factors olone are conirolling has
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been confirmed for rgerrangemcnt through both radical and
carbanion intermcdiatcs,

Neckers, Schaap, and Hardy55 have shown thei the
radical rcarrangement of trans-2-methylcyclopropyl phenyl
ketone (11 ), with di-t-buityl peroxide in buban-2-o0l, gives
the two possible rcarrangcd products, buiyl phcnyl ketone
(12), and isobutyl phenyl ketone (13), in the ratio of 9:1,
The reasrrangcment is predominanily in the direction
favouring thc more stable sccondary radical intcrmediaftoe,

A O 0 o)
‘\.\JA/ b - bEzBmPl-z—ol ? \./\/\Ph + )\/ s
(11) (12) (13)

In the hydrolysis of j—acetoxyh[f—pyrazolines,
Frcoman and Plonkdsmhave shown the existence of on inicr-
mediatc cyclopropyl homoenolate iom (14), formed from a
secondary carbanion, which rearranges in the direciion
favouring the morc stable primery carbanion product,

Rl o //O R 0 R !
“C - CH2- C\ ——— 1 4 ——) 1

21 s B Ry

(14)

However, in fused bicyclic systems, the very high
sterecospecificity of the reduciion, which has already been
explained in tcrms of orbitel overlap, indicaies that
stercochemical factors conirol the direciion of ring opening.
Consideration of the scitusl direction of ring opening
obtained confirms that the conirolling foctors are not
elecironic, 9

In the rcduction of (-) = ssbinaketone (j)% the
observed single producit, 3-isopropyl-3-methylcyclopenisonone
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(6) is formed from C(4)-C(6) bond cleavage via sn intermediatc
in which C(g) is a primary centre. 0(1)—0(5) bond clcavage,
giving an intermediate in which 0(5) becamec a teriiary
centre, would give L-isopropyleyclohexenone which is nof
obscrved, In the recduction of (+) - carone (1), fthe

product obtained (-) - carvomenthonc (2) is formed by C(4)-
0(7) bond cleavage via an intcrmediate in which C(7) iz @
tertiary cenirec, 0(1)“0(6) bond clcavage, giving on
intermediatec in which C(g) becoame a secondary cenirc, would
give 3,3-dimethyl~7-methylcycloheptanonc, which is not
obscrved, Finally, in the reduction of lumicholestecnone
(15), to 1(10-5«) - abeocholestan-2-one Lgif? no competition
is obscrved between C(4)~C(49) -bond cleavoge ond C(4)=C(5)
cloavago although ring opening gives rise to a icrilary
centre in both cascs,

’ *-./’1“‘%0”'\\‘*”\ s \il)\/
N ) ¢ |

S BN /\\\///
(15) T (18)

It is seen that in the first ecxomple rearrangcment
occurs via the loasit substituted intermediate, in the second
via the mosi subsiituted intermcdiate, and in the last yvia
one of two similarly substituted intermediates, thus
confirming that clecironic factors arec not decisive in
directing ring opcning in this type of sysftem.

It is obvious, thercfore, that beforc the clecironic
factors influencing the direcition of ring-opening can be
cvaluated, the steric factors musit be climinated. It is
necessary, Gthercfore, to situdy the reduciive opcning of
conjugated cyclopropyl kctones in which both bonds of the
cyclopropane ring are freec %o overlap with the A -orbitol
of the carbonyl group, thus climinsting any steric offect,
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For this reasson, thc reduction of conjugaicd ketones of

the gencral type (17) wos studicd. In this system there is free
rotation of the acetyl group allowing overlap with either cyclopropyl bond.

g, 3 o
> = )\ (Ri’ R2,=H, ble; e, H; or lie, lie.)
R

1)

The basic premisc %o the present work is thet by plocing

B2
~—

substituents 2% the 2-position of sceiyleyclopropanc,
and studying the prefecrrcd dircciion of ring-opening, 1%
should be possible ©o deduce whether the rcarrangoment
occurs through a radical or an anion specieg.

In principlec, clecavage is possiblce in Two dircctions.

R,
R'y"\ R sl A w WAA

i and 2H R, 7
However, the favoured dircction of opening should be
controlled by the %typc of specics involved, i.e. radicsl
or anion,

For o radicaoal-onion procoss, keione (;Z) could givo
rise to two products, (48) and (48), through two radical-
onion intermcdiatces, (20) ond (21) rcespectively.

/A/O\—*%/A/-\ >A/\

“73 L_) (22&)

Ri 0"
,/
R ' RM
(_) overall (‘g) overall

& and 2HY \e” amd 2H

AKX

(18) (19)

R, 0 R
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Agsuming that cqual overlep of both cyclovropane bonds
with the T-orbital of the carbonyl is possible ond that the
encrgy of the transition statc reflects the stabiliiy of
the open-chain spccics being formed, product (18) would be
expectcd To predominatc, sincc the intermcdiaic secondory or tertiary
radical (20 ) would bc morec stable than the primary radical
(21),7°% Roarrongement of (2%a), the olicrnative form of
the redical-anion (32), i.c. two clectrons on carbon and
the 0dd cleciron on oxygen, is considered unlikely, sincc
it hos becen shown that the mejor contributor to the
resonsnce hybrid of the radical anion has two clectrons on
oxygen and the odd clectron on carhon.sa;sb

For a diesnion process, kefone (17) could give rise
to two products, ggoin (18 ) ond (19 ), via the two carbanion
intermediatcs, (23) and (24) respecitively.

Rl @) Ry .~ O

- K. 5 O
DK e, A ey R
2 @ 2 (Q_s) Q:,) 2 @

RZ @ 2H*
2H*
&

L Q‘ O
L IAA AR
(19) (19

Using the same assumpiions made in the above

discussion of tho radical-anion mcchanism, product (15 )
would now be c¢xpccited to precdominatc since the itermediate
primery carbaonion (24) would be more stsblc than the secondary or
tertiary carbanion (2§).325

It has been shown that cyclopropyl kctones undergo
reductive clocavege with metals in ammonia by s mechanism
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o 27 . .
similar %o _that found for cnones, In the latter case,

alkylation and douteration3 studies haove shown that,
during reduction, tThe & corbon aitom bchaves as a carbanion.
The assumption, therefore, that ring-opecning of cyclopropyl
ketones occurs via a carbanion inftormcdiatc is logical,

40 : -
However, in the rcductiion

)

and is generally favourod?%
of d,% -~unsaturcted carbonyl compounds, both by metals,
and eclectrolytically, Wiemann has shown the existance of
radical-anions, formed on the surfacc of the mctal or &l
the cathodc during the reduciion process. I"urthermore, in
the polarographic rcduction of carbonyl compounds at high
pH, Schmid and I-J'.oil‘orm'me:03:> have viewcd the mechanism of
reduction as the addition of one c¢lectron o the carbonyl
Eroup. The assunption that ring-opening of cyclopropyl
ketones occurs via a radical-anion mcchanism is therefore
equally rcasonsable, Surprisingly, only onc group of
workers ‘ considers that the ring-opecning of cyclopropyl
ketonecs might procccd by o radical-anion mechonism.
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DISCUSSION

1=-Acetyl~2,2~dimethylcyclopropane ( _2_6_)

1-Acetyl-2,2-dimethylcyclopropane was prepared by the method of
b2 b3

Roberts et al using the Corey-Chaykovsky reaction of
dimethyloxosulfonium methylide, in dimethyl sulfoxide, with mesityl

oxide (ﬂ) .

0
e 8 o o Me
>=/'\Me + omS(Me), (M) >A,ccme
e Me
() (26)

The spectral data (ir and nmr) of the product, purified by

preparative vpe, are given in the experimental section and were in
L2
agreement with literature values.

cis=1-Acetyl-2-methyleyclopropane ( @)

Great difficulty was experienced in the preparation of this
essential product and many different approaches were tried before a
successful synthesis was found.

Roberts g&qg;&glhave described the preparation of a mixture of
cis-1-acetyl-2-methylcyclopropane (28) and trans-i-acetyl-2-
methylcyclopropane (29) in the Simmons-Smith reaction  of cis-pent-
3~en=2=-0ne (29) with the organo-zinc compound prepared from zing/

copper couple and methylene iodide in zinc,

Me 5 ,
0 CH,1 Me COMe(SHE) + A\\\C&de(’l‘ld)
Ao Fde WA et
Zn/Cu couple
(30 (28) (29)

In their preparation of gis-pent-3-en~2-one, it was reported that
if' jodine was added to refluxing trans-pent-3-en-2-one, an equilibrium

mixture of the gis and trans isomers was formed, and, since the gis
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isomer had a lower b.p. (98-101°)than the trans isomer (b.p. 120-122°),
it was possible to distil out the cis isomer using a very efficient
digtillation apparatus,

Accordingly, trans-pent-3-en-2-one was prepared using the ilittig
reaction of acetylmethylenetriphenylphosphcrene and acetaldehyde in
methylene chloride, It has been reported that this method gives
trans-pent-3-on-2-one in a very high state of purity. The product was
obtained by distillation (b.p. 120-122°, gggjtb bepe, 121°) and
contained less than 0,5/ impurity (vpc; Apiezon L, 55°), The spectral
data (ir and nmr) of the product, given in the experimental section,
confirmed the assigned structure,

However, the attempted distillation of cis-pent-3-en-2-one from
a refluxing, equilibrium mixture of cis and trans isomers, using a
Buchi spinming band distillation apparatus with a very high reflux/
take-off ratio, gave only trans-pent-3-on-2-one and water, as an
azeotropic mixture (b.p., 990). A slight modification of techniqus,
suggested by a private communication from Professor Roberts, was that
the water formed in the equilibration was removed by distillation and
fresh iodine was added, Again, however, only the irans isomer was
obtained,

This approach to the synthesis of gis-pent-3-en-2-one was,
therefore, abandoned. It has since been reportedht,that cis-pent~
3=en=-2-one has b.p., ﬁ30°; this was confirmed by oxidation of an
authentic sample of gis-pent-3~-en-2-ol (experimental section, p. 17 )
to give a product with b.p., 131-133°,

L7

House et al report obtaining both the gis and trans isomers of

methyl crotonate (31), in the ratio of 38:62, from carbomethoxy-
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methylenetriphenylphosphorane {32) and acetaldehyde using methanol as

the solvent,.

(C,H_).P =CH-COMe MeCHO ., Me g Yo L0
655 B em— e, COZMQ L
(32) (31a) (31Db)

The preparation of trans-pent-3-en-2-one was, therefore, repeated
using acetylmethylenetriphenylphosphorane (0,90 m mole) and acetaldehyde
(4.3 m mole) in methanol ( 4 ml.). Only the trans isomer was obtained,
however, It has since been found, in this laboratory, that some
subsequent preparations of trans-pent-3-en-2-one, using the method
given on p.72 , gave as much as 11 of a product identified as cis-
pent-3-en-2-one (nmr, ir, and ms) although in the preparation given on
P. 72, no ¢is isomer was obtained, No explanation for this can be
offered.

The decarboxylation of bicyclo ‘CA.LO:E heptane~7,7~dicarboxylic
acid (33) to give4?e§3- and endo- bieyelo ! 4,1.0 ] heptane~7-carboxylic

acid (34, and 35) and cyclohex-2-enylacetic acid (36) suggested that it

COZH coH

COH
-u_-‘,<_:—>—CH SC0H + ﬁ (25%) + @i (35%)
(407)
(23 (.ii)

might be possible to prepare c¢is-2-methyleyelopropylearboxylic
acid (ﬂ) by decarboxylation of 2-methylcyclopropanedicarboxylic acid

(38). The required

CO i ﬁ
Me ~ 4 COH 5 ne  MCOH

(28) (37)
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acetylcyclopropane could then be prepared by treatment of the gis-aoid
chloride with dimethylcadmium,

However, no product was obtained from the reaction of
1,2~dibromopropane (39) and the sodium salt of ethylcyano-acetate (40)
using the method of Perkin and Caxpenter,so and so 1-carbo-ethoxy-1-

cyano-2-methyleyclopropane (41), the chosen precursor to (38) could not

be obtained.
Cn
Me co Bt / Ha COEt
(39 (20 (&1)

5§
It has been reported that the reaction of cis-1~bromoprop~1-ene
(42) with lithium in ether gives cis-prop-1-enyl-lithium (43), and that
the configuration of the propenyl lithium is retained in the subsequent

reaction with acetaldehyde, to give cis-pent-3-en-2-0l (4k).

Me  Br Me Li Me CHOH Me
./ Di \__/  _MeCHO | \__/
(&2 (L3 (&)

A1l attempts to synthesise cis-prop~i-enyl-~lithium, however, failed
due, it is thought, to an impurity in the bromide used.

Bertrand and Santelli” have reported the production of a mixture
of cis- and trans-i-acetyl-2-methylcyclopropane (28, and 29) from the

acid~-catalysed solvolysis of hexa-4,5-dien-2-yl toluene-p-sulphonate

(15,

MeCH CH, CH = C = CH, He.0 Ao E MeA COle (33%)
0TS HOAC/ 1:20
80
(45) (28)

* ﬁA.pwe (37%)
(22
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1,925 5
which is prepared from hex-4-en-1-yn-3-ol by a three-stage synthesis.

However, the attempted preparation of hex-lj~en-1-yn-3-ol from
crotonaldehyde and sodium acetylide, in liquid ammoniafnL resulted in
an explosion when the product was being distilled and so this route to
cis~1-acetyl-2-methylcyclopropane was abandoned.

cis-1-Acetyl-2-methylcyclopropane was finally obtained by oxidation
of cis-1-(2-methyleyclopropyl)ethanol, prepared from cis-pent-3-cn-2-0l
by a modified Simmons-Smith reaction. The procedure of Ra,plua.el:S > for
the preparation of o-acetylenic carbinols was used to prepare pent-3-
yn=-2-0l from prop-i-yn-1-yl magnesium bromide and acetaldehyde.
Hydrogenation of pent=3-yn-~2-o0l over a modified Lindlar's palladium
catalyst gave a product, the spectral date of which were in full
agreement with the structure of cis-pent-3-en-2-o0l.

The Simmons-Smith reaction on c¢is-pent-~3~en-2-0l was first tried
using the method given on p., 12 of the experimental section, which was
used successfully in the preparation of trans-1-(2-methylcyclopropyl)
ethanol from trans-pent-3-en-2-o0l., Three different experiments, using
the conditions given, gave (1), recovered gis-pent-3-en-2-o0l, (2), a
crude product which contained more than twenty components of roughly
equal amounts (vpc),none of which had a retention time of the order
expected for the product (i.e. a retention time similar to the trans
isomer), and (3), a mixture of three unknown iodo-compounds.

However, the Simmons-Smith procedure as described by Dauben and
Berezin‘? was found to give the desired product (purified by preparative
vpe; 43k yield overall) when a very short reaction time and a very large

ratio of solvent to reactant was used, The spectral data (nmr and ir)

of the product, given in the experimental section, were as expected for
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cis-1-(2-methyleyclopropyl) ethanol.

Oxidation of an ethereal solution of this alcohol with chromic
acid (&), gave cis-1-acetyl-2-methycyclopropane which had spectral
data (ir and nmr) identical with literature value;fz The mass spectrum
of the ketone was as expected.

trans-1-Acetyl-2-methylcyclopropane (29)

It was originally intended that both the ¢is and the trans isomers
of 1-acetyl-2-methylcyclopropane would be prepared at the same time from
cis-pent-3-en-2-one, see p. 13 , but the difficulty experienced in the
preparation of cis-pent-3-en-2-one precluded this,

Since s,p~-unsaturated alcohols are reported to give much better
yields than o, p-unsaturated ketones in the Simmons-Smith reactionl;g it
was decided to prepare trans-i-acetyl-2-methylcyclopropane by oxidation
of the product obtained from the Simmons-Smithreaction of trans-pent-3-
en=2-0l,

trans-Pent-3~en-2-0l, prepara& from crotonaldehyde and methyl-—
magnesium chloride, was reacted with the organo-zinc compound from
nethylene iodideand zinc/copper couple, generated in situ using the
modification of the Simmons-Smith procedure described by Perraud and

|
Arnaud, The spectral data of the vpc pure product are given in the

experimental section, and were in agreement with the published va.luesIs
for trans-1-(2-methylcyclopropyl) ethanol., Oxidation of this material
(6N chromic acid) gave a product which had the expected spectral data
(ir, nmr, and ms) for trans~1-acetyl-2-methylcyclopropane.

'H Nuclear Magnetic Resonance Spectra

The 'H nuclear magnetic resonance spectra of acetylcyclopropane,
gis~ and trans-1-acetyl-2-methylcyclopropane, and 1-acetyl-2,2-

dimethylcyclopropane were obtained at 100 MHz in carbon tetrachloride
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as solvent, with tetramethylsilane as lock, and in benzene as solvent

and lock, The chemical shif'ts: of most of the protons were found to be
&iffereqf7with benzene as the solvent., This is to be expected since it
is knowgathat the carbonyl group forms a loose ~-type complex with
benzene, and that this complex has a sufficient life-time to enable the
K-electrons of the benzene ring to affect the chemical shifts of protons
close to the carbonyl group.

The data from the spectra of all four compounds are given in the
experimental section but since there are few published values for chemical
shifts of protons in this type of compound, the chemical shift data are
summarised below in tabular form, For ease of identification, protons
are labelled HA, HB, etc., as shown at the head of the Table. Only
HC and/or HD of the cyclopropane ring may be substituted by a methyl
group; for example, in the spectrum of trans-1-acetyl=-2-methylcyclopropane
HC would represent the three protons of a methyl group.

As expected, the chemical shifts of those protons on the same side
of the cyclopropane ring as the acetyl group were most affected when the
spectrum was obtained in benzene,

Coupling constants (if any) and integration of peaks in the spectra,
spin~decoupling, and deuteration provided the evidence for the proton

assignations given in the Table,
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w0

“coMe (He)
Chemical Shift (% scale)
FROUOR | Aostyloyolo- | SEBRE H) Alg |  Dtmetnyn
propane cyclopropane | cyclopropane | cyclopropane
m(cm#) 1.88 (m,1H) 1453 (m,1H) 1,98 (m,1H) |1,78 (@ of 4, 1H)
(061{6) 1,68 (m,1H) 1450 (m,1H) 1.72 (m,1H) |1.62 (m, 2H)
HB(CCll‘_) 0.80 (m,4H) 0,60 (m,1H) 0.96 (m,2H) |0.71 (d of 4, 1H)
(06116) 0.70 (m,2H) 0.60 (m,1H) 1,00 (m,1H) ]0.74 (d of 4, 1H)
Hc(cc:l_h_) 0.80 (m,4H) 1.13 (a,3H) 0,96 (m,2H) {1.17 (s, 3H)
(0636) 0.70 (m,2H) 1,02 (a,3H) 0.85 (m,1H) |1.12 (s, 3H)
HD(CClb_) 0.80 (m,LH) 1.20 (m,2H) 1,01 (a,7H) [1.05 (s, 3H)
(CéHé) 110 (m,2H) 1.50 (m,2H) 1,23 (a,3H) |1.32 (s, 3H)
mi:(c{uh) 0,80 (m,4H) 1,20 (m,2H) 1,30 (m,1H) [1.11 (m, 1H)
(061{6) 1.10 (m,2H) 1.50 (m,2H) 1.23 (m,1H) [1.62 (m, 2H)
HR(cc,) | 2.15 (s,3H) | 2.13 (s,30) | 2.5 (s,3H) | 2.14 (s, 3H)
(CHp) | 2,04 (s,3H) | 2.06 (s,3H) | 2,08 (s,3H) |2.10 (s, 3H)
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lass Spectra
At low ionisation potentials ( 20 éV), the fragmentation patterns

of acetylcyclopropane, trans- and cis-1-acetyl-2-methylcyclopropane, and
1-acetyl-2,2-dimethylcyclopropane were identical, each spectrum showing
only four mass peaks, the molecular formula of which were obtained by
accurate mass measurement. In all cases, the parent ion was formed
from the parent acetylcyclopropane by loss of one e%g?tron, and the
base peak was at me = 43 (C2H30, the acetylium ion), formed by loss

of a cyclopropyl radical from the parent ion. The two other peaks had
/e = (p - 15), and (p - 43), respectively, The first peak was shown
by accurate mass measurement to be due to loss of a methyl radical from
the parent ion. Comparison with the mass spectrum of 1-acetyl-2,2-
dimethylcyclopropane in which all three hydrogen atoms of the acetyl
group were replaced by deuterium showed that the methyl radical lost
came exclusively from the acetyl group. The peak at m/e = (p = 43)

was shown by accurate mass measurement to correspond to the cation
formed by loss of an acetyl radical.

1-Acetyl-2,2~diethylcyclopropane (46)

The attempted route to this product was from 4-ethylhex-~3-en-2-one

43 .
(47) using either the Corey-Chaykovsky reaction as described on p. [2

for thepeparation of 1-acetyl-2,2-dimethylcyclopropane, or the

iy, 17
Simmons-Smith reaction,
Et Et
S 00 Me N >A, CO Me
Et Et
D (46)

trans-pent-3-en-2-one had already been prepared using the Wittig

il
reaction of acetylmethylenetriphenylphosphorane and acetaldehyde and
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so it was thought that reaction of the same ylide with pentan-3-one
would give the required L4-ethylhex-3-en-2-one. However, using the
conditions described, only unchanged starting material was obtained.

Ruchardt, Eichler, and Pan8959 report that carbonyl compounds can
be made to react with stabilised ylides such as acetylmethylenetriphenyl-
phosphorane if the reaction is carried out in the presence of benzoic
acid and a large excess of carbonyl compound,

However, boiling a solution of the ylide, pentan~3-one, and benzoic
acid in benzene for 48 hours, again gave only unchanged pentan-3-one,

Wittig and Suchanekéo have reported that the reaction of the
lithium derivative of the Schiff's base isopropylid e ne cyclohexylamine
(48), with benzophenone, a directed aldol condensation, gives 1,1~

diphenylbut-1-en=3-one (49).

LiCH,
Sep Ph _CO O—H._
LS - i Ph ¢ N - CH
Me I A 6N
27 \Me
{
(48) | /8,0

Ph2C = CH €0 Me

(49)

The directed aldol condensation using (48) and pentan-3-one gave a
mixture of three products in almost equal amounts and with very similar
vpe retention times, Examination of the ir spectrum showed the presence
of a large olefinic absorption (1620 cn™ ) , and a conjugated (1685 cm"1)
and unconjugated (1710 cm'1) carbonyl absorption, At low eV, the mass
spectrum showed only peaks at /e = 126 (p), 111 (p - 15), 97 (p ~ 29),
and 43, almost as expected; the major peaks, at low eV in the mass

spectrum, being expected to correspond to a parent ion at m/e = 126,
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loss of a methyl radical from the parent ion, at m/e = 111, loss of

an ethyl radical from the parent ion, at m/e = 97, and the acetylium
ion at /e = 43, The presence of a peak at m/e = 83, corresponding

to the loss of an acetyl radical from the parent ion, was considered
possible but was not, in fact, observed. It seems likely, therefore,
that the product was a mixture of L-ethylhex—3-en-2-one (_JJ;Z) , and cis-

bl
and trans-4-ethylhex-h-en~-2-one (50, and 51), since Faulk and Fry

found
co -
% (Et)2 Et\c :0 H\:N o,
48 ? Et” “CHzCT
Me
+
J/ H /H20
Et Me H CO Me
Sc=cHCOMe + S nC00Me /:=<§t
Et Bt Me

(47 (50) (51)
that a large amount of the unconjugated isomer could be formed in the
preparation of unsaturated ketones, For example, in t};e preparation
of 5-ethyl-4-methylhept-h-en-3-one, (52), 93% of the unconjugated isomer,
5-ethyl-l-methylhept-5~en-3-one (53) was formed with only 7% of the

expected product (52).

Et Mo e
e + Me_ CHCOEt (9%%)
Et” M0 Et (7%) ‘2\‘1%
(52) (53)

The isomeric mixture of products (47), (50), and (51) could not
be separated by distillation, preparative vpc, or thin layer

chromatography,
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It was thought that reaction of this product mixture with
dimethyloxosulfonium methylide might give a product mixture from which
1-acetyl-2,2-diethylcyclopropane could be isolated. Accordingly, the
mixture of the three isomers of L4-ethylhexen-2-one in dimethyl-
formamide was reacted with dimethyloxosulfonium methylide in
anhydrous dimethylformamide using the method of Landor and Pv.m,j::t..l:’2
After the usual work-up procedure, and distillation, a mixture of
three new products was obtained, which was only partially resolved
by vpc. This mixture could not be separated by preparative vpc,

column or thin~-layer chromatography.

The Reduction of Substituted Acetylcyclopropane with Metals in Liquid

Ammonia

During th%:period since this work was commenced, results have
been publisheéSLbé;plicating in part some of the work discussed below,
and where appropriate, comparisons are drawn with relevant results,

The results of the reductions of 1-acetyl-2,2-dimethylcyclo-
propane, and cis- and trans-i-acetyl-2-methylcyclopropane with metals
in liquid ammonia are shown in Tables 1-10 in the Appendix.

Two methods of reduction were employed; method A, in which the
reducing metal was added to a solution of ketone in liquid ammonia,
and method B, in which ketone was added, by syringe through a septum
cap, to a solution of the reducing metal in liguid ammonia.

Tables 1 and 2 show the results of several reductions on 1-acetyl-
2,2-dimethylcyclopropane with lithium in liquid ammonia, using methods
A and B respectively. Using method A, the ratio of the rearranged
products, 5-methylhexan-2-one (54), and 4,4-dinethylpentan~2-one (55),

was virtually independent (£5%) of the amount of lithium added, but
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using method B, the ratio of rearranged products varied with the
concentration of lithium used in the reduction.

Since the aim of the reduction experiments was to differentiate
between the possible mechanisms for the reduction of acetylcyclo-
propanes by dissolving metals in liquid ammonia, the significance of
the differences observed using the two reduction methods are discussed
in detail later,

It will be seen that method B was used in all reduction experiments
apart from those the results of which are shown in Table 1, There are
two reasons for this, Firstly, the experiments shown in Tables 3-8
were carried out primarily to investigate the reasons for the variation
in ratio of rearranged product using method B, and secondly method B
was preferred to method A because of the practical difficulty of
keeping the reduction mixture anhydrous and minimising loss of
volatile material using method A,

Before vpc analysis of the product mixture from a reduction, any
alcohols present were converted to the corresponding ketones by
oxidation with 6N chromic acid. Postulated mechanisms for the formation
of alcohols are presented later.

Decane was added as an internal vpc standard in most reductions,
In a control experiment, a mixture of descane (0.10 g), 5-methylhexan-
2-one (54) (0.25g), and k,Lk-dimethylpentan-2-one (55) (0.25 g) was
analysed by vpe (peak integration) and then added to liquid ammonia
(50 ml.). The mixture was stirred for 2 hours and then solid ammonium
chloride was added in the usual work-up procedure, After evaporation
of the ammonia and concentration of the ether extract, vpc analysis

(peak integration) gave an unchanged ratio of decans : (54) : (55).
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The ratio also remained unchanged after treatment of a portion of the
ether extract with @V chromic acid. The results of the control
experiment indicated that if decane was added at the start of each
reduction, it could be used as an internal vpc standard to estimate
the yield of recovered material in the reduction experiments.

In the reduction of 1-acetyl-2,2-dimethylcyclopropane (26),
the only three products observed on vpc analysis of the oxidised product
nixture were 1-acetyl-2,2-dimethyleyclopropane, 5-methylhexan-2-one (54),

and 4,4-dinethylpentan-2-one (55).

M i Fita Me 0 0
M:>A,00Me Li/1iq.NH, VAV Y\/\ N ‘JL/\
(26 (26) (54) (55

Lo
Dauben and Wolf, who have made a similar study, occasionally

i T

observed 2-methyl-i-hexen-5-one , as well as the three products
shown above, on vpc analysis of the oxidised product mixture from the
reduction of ketone (26) with lithium in liquid ammonia. They assumed that
the exkra produd was produced thermally, possibly by rearrangement
on the vpe colum used (20 XF - 1150 Cyanosilicone, 150°), and not
by lithium/liquid ammonia reduction,

The extra. product was never observed in the present work, even at the
maximum vpc temperatures used (1200, Carbowax; 180° Apiezon).

Tables 1 and 2 show that in the reduction of ketone (26), the

favoured product of rearrangement was ketone (54), the ratio of (54)/
(55) varying from 2,05 to 4,50, The decane integral in these tables

shows an average recovery of material, of 90.
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For the same reduction, Dauben and Wolf  found random values
for the ratio of (2&)/(55) in the range 2,5 - 3.4, and Fraisse-
Jullien and Fréjaville;?)c) another group studying this system, found
a ratio of 1,5, results quantitatively in agreement with those shown
in Tables 1 and 2, although the methods of reduction were slightly
different, Dauben and Volf, however, obtained a minimum loss of
material of 166, with an average loss of 356, Cyclo-octane was used
as an internal vpc standard and was added after work-up of the reduction
mixture, Preferential loss of standard was noted when cyclo-octane was
added at the start of the reaction but no explanation for this was
offered, Fraisse~Jullien and Prejaville did not give any information
about product loss during reduction.

The yield of rearranged product from the reductions varied from
57 to 98% of the total product recovered, That there was no relation-
ship between the yield and the ratio of rearranged product can be seen
from Table 1, The product ratio remained essentially the same although
the percentage of rearranged product varied from 79 to 97% of the total
obtained.

The results of several reduction of trans-1-acetyl-2-methylcyclo-
propane (29) with lithium in liquid ammonia, using method B, are shown
in Table 9. The three products observed on vpc analysis of the
oxidised product mixture were trans-1-acetyl-2-methylcyclopropane,

hexan-2-one (56), and L-methylpentan-2-one (57), as expected.

A/cozﬂe L3/Diq. M, \/\/COME . \/\/LO\ A/‘?\

(29 (29) (56) (52
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The favoured product of rearrangement was ketone (57), the
ratio of (56)/(57) ranging from 0,0518 to 0,0431, in a random manner,

Dauben and Wolf  observed the same three products in the
reduction of ketone (_22), and found values of 0,068 and 0.027 for the
ratio of (56)/(57), no reason for this large variation being offered.
Fraisse-Jullien and Frejaville, however, observed only one product,
ketone (57), in the reduction of ketone (29).

The results of several reductions of e¢is-1-acetyl-2-methylcyclo-
propane (28) with lithium in liquid ammonia, are shown in Table 10.
Owing to shortage of material, the weight of ketone (28) used in each
reduction (0.25 g.) was lessthan the weight of ketones (26) and (29)
used (0.50 g.). However, in a control reduction on ketone (26),
using 0,300 g. of lithium, the same ratio of rearranged products was
obtained with 0.25 g, as with 0,50 g, of starting material.

The three products observed on vpe analysis of the oxidised product
mixture were gis-1-acetyl-2-methyleyclopropane (28), hexan-2-one (56),

and 4-methylpentan-2-one (57), as expected.

L 0 0
f} LOMe LJ‘/LIQ‘NHB N - A\COME AL+ )\/“\
“, o V4 7y R

(28 (28) (58) (&0

The favoured product of rearrangement was ketone (56), the ratio
of (56)/(57) ranging from 6,3 to 9.0 randomly,

Dauben and Wolf  observed the same three products in the reduction
of ketone (28), and found values of 13 and 22 for the ratio of (56)/(57)

no reason for the variation being given,
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As has been discussed in the Introduction, the direction of ring-
opening observed in the reduction of conjugated cyclopropyl ketones is
influenced both by steric and electronic factors. The basic premise
to the present work was that by placing alkyl substituents at the
2-position of acetylcyclopropane, and studying the preferred direction
of ring-opening, it would be possible to deduce whether the
rearrangement occurred through a radical or an anion species, since it
was assumed that both bonds of the cyclopropane ring in this type of
system would be free to overlap with the R-orbital of the carbonyl
group, thus eliminating any steric effect.

This last assumption was shown to be false by comparing the
results of the reductions of ketones (28) and (29) which should give
the same rearranged products, in the same ratio, if free rotation about
the cyclopropane-carbonyl bond can occur. The ratio of the rearranged
products in the reduction of ketone(29) was in fact reversed in the
reduction of ketone (28).

Examination of molecular models showed that in cis-1-acetyl-2-
nethylcyclopropane (2_8) the cis-methyl group exerts a steric effect
such that the 0(1)-{}(2) cyclopropane bond has better overlap with the

carbonyl * -system than the C( 1)-0( 3) bond, but that in trans-i-acetyl-2-

Me Q
Q Me %

Me Me

(28) (28)
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methylecyclopropane (_2_2), no such steric effect is present. The

observed ratios of rearranged products can, therefore, be explained as
follows: with ketone (29), where there is no steric effect, the favoured
product of rearrangement is decided by the relative thermodynamic
stability of the intermediates gencrated, but with ketone (28), the
tendency to form the thermodynamically most stable intermediate is
outweighed by the steric effect, giving a reversal in the ratio of
rearranged products,

In ketone (29), where thermodynamic considerations alone control
the direction of ring-opening, the favoured product of rearrangement
is ketone (57). As a consequence of the arguments advanced in the
Introduction, rearrangement must occur, therefore, via a mechanism
involving an anion intermediate (formation of a primary carbanion
rather than a secondary carbanion).

Two mechanisms flor this type of rearrangement were advanced in
the Introduction, one involving an initial dianion of the general
type (gﬁ), and one involving a radical-anion of the general type

(22a). Rearrangement of the

R1 _ RJI "

TN <2
o

(25) (222)

radical-anion species (_2_2_&) was considered unlikely, but was not
entirely excluded, By reference to the Introduction, it can be seen

that rearrangement through the dianion (_2_5) necessitates ring~opening
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after the addition of two electrons, but that ring-opening can occur
after the addition of only one electron if rearrangement proceeds via
the radical-anion (22a), It was hoped that it might be possible to
differentiate between these two mechanisms by a polarographic study of
acetylcyclopropane (58) and the substituted acetylecyclopropanes (26),
(28), and (29). Theresults of that investigation are presented later.

The observed ratio of rearranged products from the reduction of
ketone (28) has been explained by the steric effect of the cig-methyl
group, This steric effect should be the same in 1-acetyl-2,2-
dimethyleyclopropane (26), and, in fact, the observed ratio of products
does favour the product arising from the thermodynamically least stable
intermediate, However, in the latter case, the ratio lies in the
range of 2,05 - 4,50 against a range of 6,3 to 9,0 for the
rearranged product from the reduction of (28).

The difference between the two systems arises because the preferred
direction of ring-opening is influenced by both electronic and steric
factors, The tendency to form a primary carbanion rather than a
tertiary carbanion from ketone (26) is stronger than the tendeney to
form a primary carbanion rather than a secondary carbanion from ketone
(28). 1If, therefore, the magnitude of the steric effect is the same
for both ketones, the ratio of products from ketone (26) should be
closer to that expected on stability grounds than the ratio of products
from ketone (28), i.e. (54)/(55) < (56)/(57). In the absence of any
steric effect (55) and (57) would be expected to be the major products
c.f. trans-i~acetyl~2~nethyleyclopropane,’

Since the ratio of rearranged produets from ketones (26) and

(_gg) was very sensitive to steric effects, several reductions were
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carried out using different reducing metals to see if the ratio was
influenced by the size of the reducing metal,

The results of several reductions of ketone (2_6) using barium
and sodium as the reducing metal are shown in Tables L and 5
rospectively, With barium as the reducing metal, the ratio of
rearranged ketones (54)/(55) ranged from 1,63 to 1,87, and with sodium,
from 2,22 to 2,93. In one experiment using sodium, a value of 3,50
for the ratio of (2,;)/(25_) was observed but since proferential loss of
the standard was observed in that reduction, the result may well be
anomolous, In fact, in three of the twelve reductions carried out
with sodium, some loss of the standard was observed, However, at no
other time was loss of the intermal vpc standard suspected.

Dauben and ‘ﬁolf)uLD have reported results of the reduction of
ketone (26) with sodium, calcium, and potassium. Using sodium, they
found the ratio of (54)/(55) was 3.5, and with calcium and potassium
was 2,8 and 3,2 respectively., Their reported value of 3.5 for the
ratio of (54)/(55), using sodium, was certainly higher than the range
for this ratio given above, but was the result of only one reported
reduction,

There is, therefore, only a small difference in the ratio of
rearranged products observed when different reducing metals are used,
suggesting that the conformation of the transition state changes little
with different metals, The reducing metal with the smallest atomic
size, lithium, must, therefore, be large enough to fix thg preferred
conformation since it has been shown that the ground-statebi [’:nd
transition state emnf’o::-rmzut:|‘.ons-.L'5 in the metal-ammonia reductions of

cyclopropyl methyl ketones are predominantly cisoid.
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The data in Table 2 shows that there is a direct correlation
between the ratio of (54)/(55) observed and the concentration of
lithium used in the reduction of ketone (26). A graph of the ratio
of the rearranged products against the molarity of the lithium
solution used in the reduction is shown below., The straight line
part of the curve obtained had a slope of 0,931 litres moles | and
an intercept of 2,03, with a correlation coefficient of 0,999
(regression analysis, nine points).

The variation of the ratio of (54)/(55) with concentration of
lithium was shown to be caused by a salt effect. Table 7 shows the
results of several reductions of ketone (26) with a constant weight
of lithium metal (0.20 g.) but with varying weights of lithium iodide
added. As expected for a salt effect, the ratio varied with total
molarity of lithium ion although the weight of lithium metal used was
constant,

A graph of the ratio of (54)/(55) against total molarity of
lithium is shown below, the dotted line showing the curve obtained
using lithium metal alone, Excellent correlation was obtained,

Table 8 shows the results of several similar reductions with
mixtures of lithium and lithium iodide but using varying weights
of lithium metal, Again there is a correlation between the ratio
of (54)/(55) and the total molarity of lithium, The two reductions

using the smallest weight (0,050 g.) of lithium metal were exceptional
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Ratio of rarranged products, (54)/(55), from the i £ 1-acetyl-
2,2-dimethyleyclopropene with lithium in liguid ammonia, plotted against

molarity of lithium in the reduction mixture.
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Ratio of rearranged products (54)/(55), from reduction of 1-acetyl-2,2-
dimethylcyclopropane with lithium / lithium iodide mixtures in liquid

ammonig plotted against total molarity of lithium in the reduction mixture.
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in that the recovery of starting material was very much higher than
usual (50 and 67% respectively).

The above data is consistent with a salt effect in the reduction
of ketone (26) with lithium in liquid ammonia, using method B, It was
of interest, therefore, to carry out some reductions using a cation which
was too large to give any salt effect due to intimate contact with the
anion, the tetra-ethylammonium cation, Solutions of metals in liquid
anmonie were made up as usual, using method B, and then anhydrous
tetra—-ethylammonium chloride was added. When barium was used as the
reducing metal, the barium cations were precipitated as insoluble
barium chloride leaving only tetra-ethylammonium cations in solution,
The results of three reductions using barium and tetra~ethylammonium
chloride are shown in Table 6. The ratio of rearranged products,
(54)/(55), ranged fron 1.27 to 1,49 compared with values of 1.63 to
1.86 for reductions using barium metal alone, Also shown in the Table
are the results of three reductions using lithium and tetra-ethyl-
ammonium chloride, The ratio of (54)/(55) in this case ranged from
147 to 2,00, It is thought that the wvalues of the ratio of
rearranged products were slightly higher in this system because of the
slight solubility of lithium chloride in liquid ammonia (0.5 g./

100 g.NH3, = th)bn allowing a small salt effect to be exerted, However,
the values for the ratio using lithium and tetra-ethylammonium chloride
were still lower than those observed using lithium metal alone,

The value of the ratio obtained using sodium and tetra-
ethylamnonium chloride (2,84) was in the same range as that obtained
using sodium alone (2,22 to 2,93) presumably because sodium chloride

bb
is fairly soluble in liquid ammonia, (4.0 g./100 g. NH5).
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It is surprising that a straight line was obtained when the ratio
of (5&)/(52) was plotted against the molarity of lithium used in the
reduction of ketone (26) with lithium. The competition between the
two possible routes of bond cleavage must be directly dependent upon
the concentration of lithium ions, since virtuvally the same curve was
obtained using lithium metal and lithium iodide as was obtained using
lithium metal alone,

This can, however, be rationalised by assuming that the anion
formed in the reduction process forms ion pairs with lithium and
examining the relative rates of cleavage of the different ion pairs
possible,

If it is assumed that the anionic species is formed by the
addition of two electrons before the bond cleavage step, two possible
ion-paired species, (_6_9) and (61), can be envisaged. There will be an
equilibrium between the ion-pair (60) and the ion~triplet (61), and
also between the ion-pair (6_@) and a free dianion (22). The
equilibrium constant between the free dianion (59) and the ion-pair

(89) is

Me Me Me
Me . K L MEN / 5 M\ 7
N 2= A
o Ok “-\!/’
C @ C - ©
- _Li C
Me/ \0 @ Me/ \O@ © Méf \OC-}-
11 @ Li
(&1) (60) (59

assumed to be K,, and between the ion-pair (60) and the ion-triplet

(&1), K,.
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Product (54) nrises from nleavage of the C (1)~ 0(2) cyclopropane
bond (route 1 cleavage) and product (55) trum oleavage of the C () -
0(3) oyclopropane bond (route 2 cleavage).

We assumed that when the dianion (59) undergoes rearrangement,
a fraction g follows route 1 cleavage and a fraction b follows route
2 rearrangement, Similarly, when the ion-pair (60) undergoes
rearrangement, fractions ¢ and d follow routes 1 and 2 cleavage
respectively, and when the ion-triplet (61) rearranges, fractions e
and f follow routes 1 and 2 cleavage respectively. The relative rates
of rearrangement of (59), (60), and (61) are ky, k,, and 1:.3 respectively.

It then follows that the observed ratio

(29)

(b x 100) w%
route 2 d x 100)% (60) (e x 100)%

(52) {_cleavage \ " cleavage (52)

(£ x‘lm e x 100)%

(61

of (54)/(55) is equal to:

E-;E .1-1 E(59)—f + ?:--k 1 (60) | 4 —= f = k3 L(61)]

% 5 0697+ o 1, [+ L xy LED]

Since (a+b) = 1, (c+d) = 1, and (e+f)

ak, [(59] + cx,[(60)] + ek, C(e)]

1, this ratio is equal to:

bk, (597 + 2k, (6] + £3, ()]



k, = 9] Le"] K, = C(60)] Cri* ]
RCON C(en]

~ Ratio of (54)/(55)
ae, K, [(60) /[Lf'i + de, (60T + ek, [(60)] (14" / K,

ve K, [(60)T/E4*] + ax, L6007 + ficy [(60T [14*]/ x,

L+ -+ =2
ak KK, + d:szr_:L:. T o+ ekB!_L:L ]

_ e e
’dc.1K1K2 + (ﬁcszj_‘Ll o + ﬂC.5._L1 J

For J_L:I. ! large,
s T
Ratio = S + ekp i)

3

c Tt
T K, + ,fi~5 - sl

The straight line obtained by plotting the ratio of (54)/(55)
against molarity of lithium has been shown to have a gradient of
0,981 l.m-1, and zero intercept of 2,031, Therefore at extrapolated

zero concentration of lithium

oleyKy

2,031 = .
s

& 0 =0,67, and d = 0,33 §Since (c+d) =1 g

I o

It is apparent from molecular models, that steric interaction between
the carbonyl group and a cis-substituent on the cyclopropane ring would

cause route 1 cleavage of the C (1) - 0(2) cyclopropane bond to be
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favoured., It is also obvious from the models that increasing the
effective bulk of the oxygen anion by ion-pair formation would also
ecause route 1 cleavage of the 0(1) - 0(2) bond to be favoured. Hence

we would expect that the ratio 2 < g < lfa;.

b d
Assuming that ¢ ~ 1, and £ ~ 0, since the steric effect of two
1ithium atoms in the ion-triplet @) should make route 2 cleavage
much less favourable than in the rearrangement of the ion-pair (60),

81:3

dlcsz

the gradient, 0,981 ~

B3 e 0,981 x 0,33
k K,

The equilibrium constant between the free carbonion (59), and the ion-

61 o
pair (£0), K, would be of the order of 1 x 10 1,., and so

e
k
2
The variation of product ratio with molarity of lithium used for
the reduction of ketone(26) can be rationalised by the above theory.
However, no variation of product ratio with molarity was observed with
any other metal presumably because they have a lower tendency for ion-
pair formation due to their larger size,
No variation was observed using ketone (28), although the steric
effect of the cis-methyl group might be thought to be the same. This
is presumably due to the delicate balance between the steric and the

electronic factors influencing the preferred direction of ring-opening
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of ketones (26) and (28). In the transition state for cleavage of
ketone (gg), there is a smaller electronic effect arising from the
competition between the stability of a primary and a secondary
carbanion intermediate, as opposed to a primery and a tertiary
carbanion intermediate from ketone (26), making the steric effect
much more predominant,

As mentioned earlier, no variation in the ratio of (54)/(55)
with the number of moles of lithium used was observed using method
A for the reduction, The reason for this is thought to be that
using method A, where lithium metal was added to a solution of ketone
(gé) in liquid ammonia, the reduction reaction occurred faster than
the dissolution of lithium metal., Thus ketone (gé) was effectively
being reduced by a constant concentration of lithium, and so no
variation in the ratio of ring-opened products occurred.

The proposed reduction scheme for acetyleyclopropanes with metals
in liquid ammonia does not allow for alcohol flormation, It is thought,
in fact, that alcohols are produced, not in the reduction itself, but
during the work-up procedure, A typical reduction of ketone (gé)
with lithium in liquid ammonia, using method B, gave 45% of the total
product as alcohols, In a control reduction, in which the work-up
was performed by adding, in one portion, a very large excess of solid
ammonium chloride, with vigorous stirring, the percentage of the total
product isolated as alcohols dropped to §he It is thought that the
normal work-up procedure, in which solid ammonium chloride is added
slowly to the reduction mixture, results in protonation of the product
enolates to give the product ketones in the presence of electrons,

which can further reduce the product ketones to-alcohols, The
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percentage of the total product isolated as alcohols was much lower

in the control reduction because ammonium chloride was added so quickly
in the work-up procedure that protonation of the product enclates

occurred in the presence of a very much smaller concentration of

electrons,

Transition-State Conformations in the Reduction of Substituted

Acetyleyclopropanes with Metals in Liquid Ammonia

The importance of transition-state conformations in the reduction

of various conjugated acetylcyclopropanes with metals in liquid
28,29,39,40

ammonia is well established. In conjugated cyclopropyl ketones in
which the stereochemistry is fixed, ring-opening occurs by cleavage
of that cyclopropane bond which has the better orbital overlap with
the 7%system of the carbonyl group, In acyclic conjugated
acetyleyclopropanes, such as ketones (26) and (28), in which steric
interactions between the cis-methyl group and the carbonyl group
prevent free rotation about the cyclopropane-carbonyl bond, the
conformation of the transition state is affected such that the
preferred product of rearrangement is that arising from the opparently less
thermedynamically stable carbanion intermediate. In acyclic
conjpgated acetyloyclopropanes, such as ketone (29), in which free
rotation about the cyclopropane~carbonyl bond is possible, no
conformational preference is observed and all conformations are of
equal probability, so that the preferred product of rearrangement
is controlled solely by the thermodynamic stability of the anion

species,
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Electron diffraction and nmr spectral measurements indicate
that unsubstituted acetyleyclopropane (58) exists predominantly as

the bisected cisoid conformer A in the ground state, whereas

cyc1opr0pylingoxa1dehyde (62) exists mainly as the bisected transoid

conformer B,

CH3 CoO)

The bisected conformers A and B represent the situation where
both bonds of the cyclopropane ring have equal overlap with the
carbonyl A cloud, However, because of the high bond-breaking
selectivity of the reductive process it is more important to0 consider
the gauche conformers C, D, E, and F shown below,

CH CH

QK 287,
R £

(R = H,Me)
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In the absence of any steric effect, i.e, R = H, tonformers C acd © have equal
prebaility, and confecmess  E oad © have equal probability, and
thermodynamic considerations control the reductive process. However,
as has been discussed previously, when a cis-substituent is present,
i.e, R = Me, rototation of the carbonyl group is restricted and
conformers D and T would be expected to be of much higher energy than
conformers C and E, owing to the unfavourable interaction of the
cigs-substituent and the carbonyl oxygen, The cisoid conformer C and
the transoid conformer E would be preferred, and ring cleawvage would
occur preferentially at the 0(1)-0(2) bond in agreement with orbital
overlap considerations.

b3 bl-

It has been reported  that ground-state conformations of
acetylcyclopropanes are predominantly cisoid and so it was of interest
to see if there was any conformational change between the ground-state
and the transition-state conformer populations during the reductive
process,

As has been described in the Introduction, the reduction of an
acetylcyclopropane with lithium in liquid ammonia can be viewed as an
overall two-electron process giving a carbanion-enolate intermediate.
The carbanion generated will be sufficiently basic (pKa > 50)1Lb
to abstract a proton from ammonia (pKa ~e BA)fb but the resulting
enolate ion is not basic enough (pKa «-16)2b to abstract a proton
from ammonia, and will remain in the reduction mixture untii a proton

source, e.g. ammonium chloride, is added.
o~

0 _ 0" 0
A)\ % 5 /\/_l\ -—>_/\/\ %/\i %/\)\
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Stork and Hudrli.k:b9 have reported that enolates produced in a
structure-specific manner can be isolated as the corresponding
trialkylsilylencl ethers, and that the structures of the trimethylsilyl
enol ethers isolated corresponded accurately to those of the enolates
in a given mixture ., They found, for example, that when 2-methylecyclo-
hexanone (63) was treated with sodium hydride in refluxing glyme, the
two sodium enolates produced, (64) and (65), were isolated as the
corresponding trimethylsilyl enol ethers (66) and (67), in the ratio
of 27:73, by adding a 50% excess of triethylamine and trimethylchloro-

silane to the cooled reaction mlxture.

e 7 O

Xs NEt5

SlCl
OS ﬂ€3 DStMeg

- O

It was also reported that trimethylsilyl enol ethers were rapidly
hydrolysed by water, but that the corresponding t-butyldimethylsilyl
cnol ethers, prepared similarly from t-butyldimethylchlorosilane and
the metal enolates, were hydrolytically much more stable,

The trapping of enolate anions, under both kinetic and
equilibrating conditions, as the corresponding enol acetates has

70,71
undergone extensive investigation, House and Trost, for example,
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found  that the lithium enolate (68) could be rapidly converted

to the corresponding enol acetate (69) merely by quenching a solution

of the enolate with excess acetic anhydride,

oLit 0Ac

/l\ Me
W S \__/
(68) (£9)

House and ’.'[‘1'031.;7i have also demonstrated that lithium enolates
are particularly resistant to isomeric equilibration during trapping
with acetic anhydride, Each of the stereo isomeric, acyclic enol
acetates (70) and (71) could be converted to the corresponding
lithium enolate (72) or (73), by treatment with methyl-lithium in
1,2~dimethoxyethane, and then converted back to the starting enol
acetate, by treatment with acetic anhydride, without loss of either

structural or stereochemical integrity.

n-Bu OAc MeLi n-Bu 0Li" Aczo
Me DME Me
(20) (72)
n-Bu Me MeLi n=-Bu Me Ao 20
- — Y ~ ., — @
OAc DME 0 Li

(0 (23

In fact, solutions of each of the enolate anions (72) and (73)

could be heated to 730 for 40 minutes without detecting interconversion
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71
of the two anions. In general, House and Trost found that solutions

of lithium enolate anions in 1,2-dimethoxyethane did not interconvert
over periods of several hours at room temperature. These results
indicate that the activation energy for interconversion of lithium
enolate anions must be substantial (> 20 Keal/mole). e

It was originally hoped that the lithium enolates formed in the
reduction of acetylcyclopropanes with lithium/liquid ammonia could
be trapped as the silyl enol ethers by adding hexamethyldisilazane
to the reduction mixture, However, the work of House and Trost
suggested that it would be possible to remove the ammonia from the
reduction mixture and replace it by 1,2 dimethoxyethane without
affecting the lithium enolates, and thus the enolates could be
trapped as the trimethylsilyl enol ethers, using trimethylchlorosilane
and triethylamine, or the hydrolytically more stable t-butyldimethyl-
silyl enol ethers, using t-butyldimethylchlorosilane and triethylamine,
as described by Stork and Huirhkfglf no equilibration of the lithium
occurs, as suggested by the previous work, the geometry of the silyl
enol ethers thus formed will be related to the original conformations

of the acetylcyclopropane at the time of ring-opening as shown below,

0 M\ OSile,
A/ N\ Li/Liq.NH Me Sicl M
i

H-l-

cisoid trans-enol ether

0
A A Li/DigMHy /\/k Me SiC1 /\)\
;4 % 04"

Li 081Me

transoid. cis-enol ether
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Additional evidence that little interconversion of the lithium
enolates occurs was furnished by carrying out a lithium/liquid ammonia
reduction, using method B, on acetylcyclopropane in which all three
H atoms of the acetyl group had been replaced by deuterium, The
distribution of deuterium in the starting acetyleyclopropane was
dps 2.90%; and a5, 97.10%, and in the product pentan-2-one was d,,
0..%:; dys 6.8k and a5, 92,8k, In a control experiment, no loss of
deuterium was noted when a sample of deuterated 1-acetyl-2,2-
dimethylcyclopropane was stirred for 2 hours in anhydrous liquid
ammonia and then worked-up in the usual manner,

Unfortunately, owing to shortage of time, the trapping
experiments could not be completed. However, it is of interest to
note that Dauben and.‘f:’olf'Eb have since reported the results of
similar experiments in which they trapped the intermediate enolate
anions as the corresponding enol acetates. Their results showed the
preference for a cisoid geometry in the transition state of the
lithium/liquid ammonia reduction of acetylcyclopropanes, and thus a
similarity between the transition-state and ground-state
conformational populations.

Radical Rearrangement of Substituted Acetylcyclopropanes

33
Neckers, Schaap and Hardy have shown that the radical

rearrangement of trans-2-methylcyclopropyl phenyl ketone (11), with
di~-t-butyl peroxide in butan-2-0l, gives the two possible rearranged
products, butyl phenyl ketone (12) and isobutyl phenyl ketone (13),
in the ratio of 9:1. The rearrangement is predominantly in the

direction favouring the more stable radical intermediate (secondary
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radical more stable than a primary radical).

WY
/\ oo Pn  _DrEe NN Pa(9o) \ Pn(10%)

butan-2-0l

(1 (12) (13)

The results of similar radical rearrangements on 1-acetyl-2,2-
dimethyleyclopropane (26), trans-1-acetyl-2-methylcyclopropane (29),
and gis~1-acetyl-2-methyloyclopropane (28) are shown in Tables 11,
12 and 13 in the Appendix,

Ketone (26) gave 5-methylhexan-2-one (54), and l4,4-dinethyl-

pentan-2-one (55) as expected, in the average ratio of 41:1.

o DTBP 0 0
VAN , L, AA
butan~2-ol ¥

14 hours, 137°
(29 (54) (55)

The rearranged products from ketones (gg) and (2_2) were, as
expected, hexan~2-one (56), and 4-methylpentan-2-one (57), in the

average ratio of 8,7:1, from ketone (28), and 4.5:1, from ketone (29).

N

0 0
e, S\ (OO - DIEE A 4 P

Butan-2-0l o
14 hours, 137

(28) (56) (5D
0 0
JA . COMe DIBP s SAA ¢+ )\/"\
= butan=2~-0l R =
e 14 hours, 137

(29) (56) (5D
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The rearrangement in all three cases is predominantly in the
direction favouring the more stable radical intermediate, Although
ketones (28) and (22) gave the same rearranged products, the ratio
of the rearranged products was not the same, A priori, the ratio of
the ring-opened products in both cases might be thought to be
influenced solely by the competition between the thermodynamic
stability of a secondary as opposed to a primary radical intermediate.
However, the results suggest that the cis-methyl group of ketone (28)
exerts a steric effect such that the radical intermediate leading to
product (56) is favoured both by steric and thermodynamic considera-
tions, and that no such steric effect is present in the rearrangement
of ketone(29).

In ketone (26), the preferred direction of ring-opening is
influenced, not considering any possible steric effect of the cis-
nethyl group, by the competition between the relative thermodynamic
stability of a tertiary as opposed to a primary radical intermediate.
It would be expected, then, that the ratio of ring-~opened products
would reflect this, and that cleavage of the 0(1)-0(2) bond of the
cyclopropane ring, rather than the C ( 1)-0 (%) bond, would be more
preferred in ketone (26), than ketones (28) and (29). This is, in
fact, found to be the case,

Rearrangements with di-t-butyl peroxide have also been carried
out on the alcohols corresponding to ketones(26), (2_8), and (29).

In these cases, butan-2-0l was not required as a source of hydrogen
atoms. The results of therearrangements are shown in Tables 14, 15,

and 16,
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1-(2,2-dinethyleyclopropyl) ethanol (74) gave 5-methylhexan-
2-one (54), and k4,4-dimethylpentan-2-one (55), as expected, in the

average ratio of 21:1.
OH

( 0 0
DTBP X | !
™% g /)\ ﬁj}\/)\
| 1502, 14 hotrs” (\ '

(Z) (%) (55)

trans-1-(2-Methyleyclopropyl) ethanol (75) gave hexan-2-one (56)

and 4-methylpentan-2-one (57), as expected, in the average ratio of
3.0:1, and cis~1-(2-methylcyclopropyl) ethanol (76) gave the same two

products of rearrangement in the ratio of 8,3:1.

DTBP 0 0
CHOH Me 3
W +

0 /
407, 14 hours

Me
(29 19, (2D

Mo A CHOH Me R ?k /K ]0\
‘r A \\‘ 7 i
LN 140°,14 hours NN 4

(29 (26) €1)

The results for the ratio of rearranged products are higher for
the ketones than the corresponding alcohols, However, the same trends
are observed in the results for the rearrangement of the alcohols as
were discussed for the ketones.

The radical rearrangements, then, can be explained in terms of

the relative thermodynamic stability of the intermediates involved
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and the lithium/ammonia reductions can be explained also by the
relative thermodynamic stability of the internediates involved
but with a major contribution from the steric effect of a cis-

methyl substituent when present.

Attempted Ring-Opening of Substituted Cyclopropanes via a Carbanion

Intermediate

Since the 1ithium/ammoﬁia reductions of acetylcyclopropanes has
been shown to proceed via a mechanism involving a carbanion
intermediate, it was of interest to synthesise compounds of the

general type (77), in which it might be possible to generate a

R R, = H, or Me
R1 3 1 L
« R, = H, or Me
R2 Rh 2 g
0 33 = H, or Me
Rl.. = Me, or Ph

carbanion on the carbon o to the cyclopropane ring, and study the
preferred direction, if any, of ring-opening.
Since the substituted acetylcyclopropanes (26), (28) and (29)
had already been synthesised, the first attempts to synthesise a
ketone of the general type (77) used acetylecyclopropane (58) as
starting material,
Wittig and Kna.uss,,-ir‘;3 and Levinezq' have described the reaction
of carbonyl compounds, e.g. (1§), with methoxymethylenetriphenylphosphoran
(79 to give the enol ether, 80, which can then be hydrelysed to an

aldehyde (81).



=53

= P: "'_“"—‘-""-'9 C:
R1R2C 0 + Ph:,J CHDGH3 R1R2 CHOCH3 + Ph5P0

(78 (29 (80)

4
Ly

R1RZCHCHD + CH30H

(81

It can be seen that reaction of acetyleyclopropane (58) with
(Z9) will give, after |hydrelysis 2.cyclopropylpropionaldehyde

(82), which, by conversion to the acid, and then the

H30+ Me
A/com.e + PhgP = CHOCH, —— —— A/L CHO

(58) (29 (82)

acid chloride, followed by treatment with dimethylcadmium, would give

the desired 3~cyclopropylbutan-2-one (83)

Me

A )\ COMe

(83)
Unfortunately, however, no volatile product was isolated from
the reaction of 79 with acetylcyclopropane (58).
In a second attempted synthesis of a ketone of the general type

(7D, 2-methyl-i-phenylpent-3-en-1-0l (84) was reacted with the

—

15
organo-zine compound from methylene iodide and zinc/copper couple

19
using the procedure of Perraud and Arnaud. The expected
product, 2-(2-methylcycloproplyl)-1-phenylpropan—1-ol (§§),

however, was not obtained.
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]lfe Me
|
Me CH = CH CH CHOH Ph _7L, A/ CH CHOH Ph
He

(8u) (85

The alcohol (8L4) was prepared by the reaction of the Grignard
magnesium compound (86) of 2- bromopent-3-ene (87), with

benzaldehyde (88). The benzaldehyde was added slowly,

]'31- MgBr
i
Me CH = CH CH Me Mg R Me CH = CH CH Me
ether
(8D (86)
lPhCHO
(88)
I;ﬂe
Me CH = CH CH CHOH Ph
(8w

in a solution of ether, over 5 hours, to an excess of an ethereal
solution of the Grignard reagent (86), since in the first attempted
preparation of the alcohol (§_L|._), in which excess benzaldehyde had
been added, a Grignard transfer reaction took place between the
intermediate magnesium complex of the product alcohol (84), and
unreacted benzaldehyde (§§_) , and so the products obtained were
benzyl alcohol (89) and the corresponding ketone (90) of 2~
methyl-1-phenylpent-3-en-1-ol (84). Benzyl alcohol (89) was

Me
i
Ph CH2 0H Me CH = CH CH CO Ph

(89) (9
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identified by comparison with an authentic sample, and the structure
of ketone (90) was assigned on the basis of its ir spectrum and its
mass spectrum. The ir spectrum showed a very strong absorption at
1684 cm”| characteristic of a conjugated carbonyl compound, and the
mass spectrum at low eV showed a parent ion at m/e = 174, and only
two other peaks at m/e = 105, and 69, as expected for ketone (90).

The third attempted synthesis of a ketone of the general type
(77) met with success, Hex-L-yn-2-ol (91) was prepared by the
reaction of 1,2~-epoxypropane (92) with the Grignand compound (93)
of methylacetylene. Product (91) was

0

!

CHZ—E:_HMe + CHC =CMgBr ___ . MeC = C CH.CHOH Me

5 2
(92 (23 (21)

also prepared by the reaction of the sodium salt of methylacetylene

with 1,2-epoxypropane (92). Reduction of the acetylenic alcohol (91)
with sodium in liquid ammonia gave trans-hex-i-en-2-ol (94), from
which l::g._n_e_.-1-(2——methylcyelopropyl) propan~2=0l (25) was prepared
using the Simmons-Smith reaction as modified by Perraud and
.Fl.:r‘na.ud.'lta Oxidation of (95) (6N chromic acid) gave the required irans-

1-(2-methylcyclopropyl) propan-2-one (96),

MeC = CCH.CHOH Mo  No/DiquNHz __ CH,CHOH Me
2 2 = =
e
Zn/Cu couple
(ﬂ) (zt) CH,1
272
A\\\\CHchOH Me
Me
(22

l 6N chromic acid

o A\\\\CH COlle
26 Me
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Catalytic reduction of hex-4-yn-2-o0l (91) over a Lindlar's
palladium catalyst  gave cis-hex-h-en-2-ol (97). Since it proved
impossible, however, to rearrange ketone (96), as is described
below, the synthesis of the cis-isomer (98) from the cis-alcohol (97)
was not carried farther.

Me CH2CH0H Me

T ¥e A\O\CHZCOMG
€r) (98)

Treatment of trans-1-(2-methylcyclopropyl) propan-2-one (96),
with a 5% solution of sodium methoxide in methanol for 24 hours at
room temperature, and with a 10% solution of sodium methoxide in
methanol for 18 hours at 800, gave unchanged starting ketone (96).

Treatment of ketone (_2_6_) with half the molar amount of
sodamide in liquid ammonia for 8 hours, followed by the normal work-
up procedure gave unchanged starting ketone (96).

Since under the enolising conditions used, no rearrangement of
ketone (96) occurred, it was thought that there might not be any
enolisation taking place in the d rection of the cyclopropane ring,
This was shown not to be the case by treating ketone (ﬁé) with a
10% solution of sodium methoxide in methan014:2H1j during 12 hows,
Calculation of the relative isotope abundancé of the product from the
mass spectrum showed that the total deuterium exchange was 92,4% of
five replaceable hydrogens, and that 66,756 of the product contained
five deuterium atoms,

The failure of trans-1-(2-methycyclopropyl) propan-2-one (96)
to rearrange prompted a different approach to the generation of a

carbanion o to a cyclopropane ring.
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It was thought that if the p-toluenesulphonylhydrazones (99) of
ketones (26), (28), (29), and (58) were reduced to the corresponding
hydrazines (100), treatment with base would produce an anion of the

general type (101), which might then rearrange.

R

R Me
1 i R, ©
R\A,G:NNHTB____} cqums-——-—) )A,CH
2 2

(22 100 (101)

(R1 = H, or Me)

(Rz = H, or Me)

The p-toluenesulphonylhydrazone (99, R, =R, = Me) of 1-acetyl-
2,2-dimethyleyclopropane (26) was prepared from ketone (26) and p-
toluenesulphonylhydrazide (102) in the usual manner7b and identified
by its ir, nmr, and mass spectrum., The attempted reductions of the
hydrazone to the corresponding hydrazine were carried out on the
p-toluenesulphonylhydrezone (103) of hexan-2-one (56) since the latter

is more readily available than ketone (26).

CH
| 2
Me @ SO NHNIL, + CL,.H COCH3 ; cl..H9c = NNHSO,, @ Me
(102) (58) (103)
The attempted reduction of the hydrazone (103) with lithium
17
cyanoborohydride, and sodium borohydride gave unchanged (103).

Reduction of (103) with lithium aluminium hydride gave an

unidentified product which did not have the required spectral
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characteristics for the hydrazine, As n-hexane was identified (vpc)
in the ether from the reaction product, it is suggested that the
intermediate aluminium complex in the reduction was undergoing
rearrangement.

Unchanged (103) was obtained from the attempted catalytic
reduction of (103) with palladium on charcoal, Raney nickel,
platinum on charcoal, Adam's platinum catalyst in ethanol, in acetic
acid, in ethanol saturated with anhydrous hydrogen chloride, and
in acetic anhydride,

The final approach to the generation of a carbanion &« to
a cyclopropane ring was the treatment of N-1 -(_-l',_:;_a._n_g—:z-methylcyclopropyl)
ethyl-p~toluenesulphonanide (lQ&) with hydroxylamine-O-sulphonic acid

12
(105), the Nickon-Sinz reaction.

Me
I
A « CH NH 50, @ Me NH 080,
Me
(104) (105)

9
Bumgardner, Martin, and I"J:'eex_na,n9 have described the reaction of

N-cyclopropylmethyl-p~toluenesulphonamide (_19_@ with hydroxylamine-

O-sulphonic acid (105) and base to give an intermediate (107) which

rearranges through a carbanion intermediate to give but-1-ene (108).

A gimilar
CH, base/NH_,0S0 _
A/ CHQM{S%@ 3 273, A/CHZN = NH
(106) (19D

l

CH, = CH CH,CH

(108)
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reaction, using the conditions given by Bumgardner, Martin and

Freeman, between products (104) and (105), however, gave no volatile
products, The reaction was repeated using a reaction time twice as
long but again no product was observed, E_—‘l—(_E;c_:_a_r_l_g_—Z-methylcycloproPyl)
ethyl-p~toluenesulphonamide (104) was prepared from 2- (trans-2-
methylcyclopropyl) ethylamine (109) and p-toluenesulphonyl chloride
using the usual conditions, The amine (109) was prepared from
trans-1-acetyl-2-methylcyclopropane (29) by conversion to the oxime

(110) followed by reduction with lithium

Me Me
NH LH LiA1H ‘
A COMe (A = NOH by /A CHNH
\\“ 2
e He

(29) (110 (109)
s

J
Me

t
A\\\CH NH Ts
Me *

(104)

8
aluminium hydride in ether as described by Roberts et al, \ for the

preparation of 41-cyclopropylethylamine (111).

[\ cmm,

(114)
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It therefore proved impossible to carry out authentic
carbanion rearrangements and so it was not possible to compare the
rearrangement occurring in the reduction of acetylcyclopropanes with
lithium/liquid ammonia and that of authentic radical reactions with
the rearrangement occurring in authentic carbanion reactions. Since
the lack of ring-opening of cyclopropylmethyl carbanions stabilised
in some way, e.g. by a carbonyl or by a phenyl group, is well
dOGumentedf;Zit is perhaps not surprising that it proved impossible

to observe rearrangement through a cyclopropylmethyl carbanion in

the present work.

Titration of Lithium/liquid Ammonia Solutions with Various Ketones

A series of titrations of lithium/liquid ammonia solutions was
carried out with various ketones, When the solutions were titrated
with an acyclic enolisable ketone such as 5-methylhexan-2-one (Eﬁ),
the mole ratio of lithium to (54) was, as expected, almost unity.
However, when solutions of lithium/liquid ammonia were titrated
with acetylcyclopropanes, the results were very surprising., Using
ketones (26), (29), and (58), the mole ratio of lithium to ketone was
very nearly unity and not, as expected, 2:1. One suggested reason
for this was that not all the ketone was reduced in the titration.

It is thought that unchanged starting material is obtained in the
reduction of acetylcyclopropanes with lithium in liquid/ammonia
because the rearranged lithium enolate, or the amide ion, NH;;produced
in the reduction (see p.hig) can abstract a proton from starting

material to give an unreactive enolate ion which does not use up any
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lithium, Therefore, if the ratio

. 5 /\foK i /\/0\ ! 0~
MCH M CH,

3 + NH, = NH3 +

of rearranged product: starting ketone is unity and the reduction
process requires two electrons, the overall mole ratio of lithium
used: ketone will be unity, However, in those titrations in which
the ratio of rearranged product/starting ketone was measured, the
ratio varied from 0,44 to 4, while the mole ratio of lithium/ketone
was always virtually unity. The same results were obtained when an
excess of lithium was used and the excess lithium was back-titrated
with either an enolisable or a non-enolisable ketone, In control
titrations, the non-enoliseble ketone 2,2,6,6-tetramethyleyclohexanone
(112) gave a mole ratio of lithium: (112) of unity, as expected, but
the non-enolisable ketone 2,2,4,4-tetramethylpentan-3-one (113) gave
a mole ratio of lithium: (113) of almost 3:1, and so could not be
used in the back-titrations, |

The surprising nature of the results of the titrations of
solutions of lithium in liquid ammonia with the acetylcyclopropanes

(26),(29), and (58) camot be adequately explained at present.

Polarography in Liguid Ammonia

The use of the dropping mercury electrode in liquid ammonia is
83
well documented., Murtazaev has measured electrocapillary curves of
salts in liquid ammonia and Ple.skov and Monosson  have measuredthe

potential of the electrocapillary maximum in a 0.1N solution of
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ammonium nitrate in liquid ammonia, In the determination of the
gtandard electrode potentials of the alkali metals in liquid ammonia,
dropping amalgam electrodes were used by Ple.skov-:35 and Pleskov and
Monosson.%

The polarographic half-wave potentials, and diffusion currents,
of alkali metal ionsfﬂ and alkaline earth metal :'|.t:ons:%<8 in liquid
ammonia have been measured., Laitinen and Shoemaker%g have studied
the polarography of thallium (I), copper (II), and ammonium ions, and
of molecular oxygen, in liquid ammonia, The behaviour of the mercury
pool anode and of the electron electrode has also been
systematically investigated.

Since it was known that the dropping mercury electrode would
function in liquid ammonia, a polarographic study of the reduction of
substituted acetylcyclopropanes in liquid ammonia was undertaken in
the hope that more information on the reduction of this type of
compound with solutions of lithium in liquid ammonia could be obtained,

The apparatus and the experimental procedure used are described
fully in the Experimental section, The results obtained are presented
below,

90

Laitinen and Shoemaker have found that the potential of the
mercury pool anode is independent of the concentration of nitrate,
chloride, iodide, or ammonium ions in solution, and that the
concentration of mercuric ion is the only potential determining factor,

They also found that the small amount of mercuric ion formed at the

anode during the recording of three polarograms was sufficient to
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stabilise the anode potential so that the mercury pool anode could be
used as the reference electrode with a potential 0.32 v. more

1
positive than the standard lead -~ 0.1N lead nitrate electrode,
For this reason, the mercury pool anode was used as the reference

electrode in the present work,

Typical polarograms are shown in Figures 1, 2, and 3 below,

Figure 1.- Polarograms in liquid ammonia: curve I, sodium iodide
(.13 X.10—4M) in saturated tetrabutylammonium iodide solution; curve II,
hexan-2-one (3.6 X 1074 1) in saturated tetrabutylammonium iodide

solution; curve III, saturated tetrabutylammonium iodide solution

(57 X 1074 M).
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Figure 2.~

Polarograms in saturated solutions of tetrabutylammonium

6Ly

iodide in liquid ammonia: curve I, 1-acetyl-2,2-dimethylcyclopropane

(2.7 X% 10™4 M); curve II, acetylcyclopropane (1.90 X 10"4 M).
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Figure 3.~ Polarograms in saturated solutions of tetrabutylammonium
iodide in liquid ammonia: curve I, trans-1-acetyl-R-methylcyclopropane

(2.2 X 107 M); curve II, cis-1-acetyl-2-methylcyclopropane (2.20 X 1074 M).
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Laitinen and Nyman87 have obtained detailed polarograms of sodium

iodide in saturated tetrabutylammonium iodide. They found the half-
wave potential for the reduction of the sodium ion in a solution of
liquid ammonia to be «1.31 volts with reference to the standard

lead/ 0.1N lead nitrate electrode. The calculated half-wave potential
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for this reduction, with reference to the same standard electrode, was
~1.30 volts. In the present work, the observed value in this reduction,
with reference to the standard lead / 0.1N lead nitrate electrode, was
~1.33 volts ( -1.65 volts with reference to the mercury pool electrode).

Laitinen and Nyman also compared the observed diffusion current of
sodium ions, as measured in liquid ammonia at -360, with the theoretical
current calculated from the Ilkovic egua.tion92
iy =605 100 of 48 ¥  unioh velates the aterueton
current ;d (p~A) of an ion to n, the number of faradays of electricity
required per mole of electrode reaction, to its concentration C (m.moles
litre_1), to its ionic diffusion coefficient D (cmg sec?i), and to the
capillary characteristics m (mg.sec?1) and 1 (sec.). The ionic
diffusion coefficient D was evaluated using the expression93

D = R T)°/ 25, where R is 8.317 volt~coulombs-

degree_1, T is the absolute temperature,?No is the equivalent
conductance of the ion at infinite dilution (ohm_1—cmg—equiv71), z is
the charge of the ion, and F is 96,500 coulombs. The remaining terms
in the Ilkovic equation are experimental quantities which are easily
obtained.

The table below shows the data necessary for, and the results of,
such calculations. The value taken for the equivalent conductance at

infinite dilution was that used by Laitinen and Nyman?7

For comparison,
the table also shows the calculated and observed diffusion currents
obtained by Laitinen and Nyman. The capillary characteristics, m, and
1, were measured, in the present work, at a potential of -1.80 volts

with reference to the mercury pool electrode, the potential at which

the diffusion current was measured.



Diffusion Current of Sodium Ions in Liquid Ammonia, at ~35.5¢0

51 % .%
DX 107 | mf c is i, |% Diff.
ohnfncmg cm?sec% mg.ﬁéecfi memoles| (calc.)| (obs.)
equ:‘nr?1 litre™ h pa
Present Work| 135 2.86 0.919 0.213 | 0.633 | 0.688 9
Literature®!| 135 | 2.86 | 1.256 1.04 | 4.23 | 4.8 14

As can be seen from the table above, better agreement with the

Ilkovic equation was obtained in the present work than in the originslk

work by Laitinen and Nyman. This is presumably due to more complete

supregsion of the migration current being obtained in the present

work, in which the molar ratia of indifferent electrolyt® to reducible

ion wag approximately 27:1, as opposed to approximately 6:1 in the

original work.

The table below shows the half-wave potentials of various .

cyclopropyl ketones, and hexan-2-one, measured in liquid ammonia at

—35.50, with reference to the mercury pool electrode. The values of

E‘%T given with reference to the standard lead / 0.1N lead nitrate

electrode were obtained by assuming that the potential of the mercury

pool electrode was 0.32 volts more positive than the lead electrode.

It was shown that the observed waves did not arise from impurities

in the supporting electrolyte by recording a polarogram of saturated

tetrabutylammonium iodide in liquid ammonia (see Fig.1). No impurity

waves were obsgerved.
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E, of Various Ketones in Liquid Ammonia, at =35.5, versus Mercury Pool

2.

Electrode and versus Lead / 0.1N Lead Nitrate Electrodc.

Ketone
Hexan=-2~one
Acetylcyclopropane
cis~1-Acetyl~2~methylcyclopropane
trans-1-Acetyl-2-methylcyclopropane

1-Acetyl-2,2~dimethylcyclopropane

The table below gives a comparison of the diffusion currents obtained,

E, (volts)
2

versus Hg pool
~1.65
-1.80
-1.79
-1.76
-1.74

in liquid ammonia at -35.55 with the above ketones.

versus Pb/0.1N Pb(NO

~1.33
.48
1ok
1.4k
el

Diffusion Current of Various Ketoneg in Liquid Ammonia, at =35.5°.

Ketone

Hexan-2-one

Acetylcyclopropane
cig~1-Acetyl=2=nothylcyclopropane
trans-1-Acetyl-2-methyleyclopropane

1~Acetyl~2,2-dimethylecyclopropane

Concentration

m.moles litre—1

0.36
0.19
0.22
0.22

0.27

id

(pcd)
0.65
0.34
0.34
0.27

0.48

No information about the reduction of ketones in liquid ammonia

could be found in the literature. However, the reduction of carbonyl

compounds in aqueous media appears to give a one-electron wave..g4

Therefore, if it is assumed that hexan-2-one gives a one-electron wave

in liquid ammonia, and that the cyclopropyl ketones (26) (28), (29),



~69=

and (58) have a diffusion coefficient similar to that of hexan-2-one,
the polarographic wave observed with each cyclopropyl ketone corresponds
to a one-electron reduction.

This unfortunately does not help to explain the mechanism of the
reduction of conjugated cyclopropyl ketones in liquid ammonia since, if
addition of a second electron to the reduced species occurred at a
potential more negative than the potential at which electron dissolution
from the mercury drop occurred, approximately -1.90 volts with reference
to the standard lead / 0.1N lead nitrate electrod691, no wave for that
second reduction step would be observed. Consideration must also be
given to the possibility that the reduction wave given by hexan-2-one
in liquid ammonia does not correspond to a one~electron addition, but
to a two~electron addition.

A controlled potential electrolysis of acetyleyclopropane in
liquid ammonia was therefore undertaken to try and obtain information
about the type of species involved in the polarographic reduction of
carbonyl compounds, and in particular cyclopropylcarbonyl compounds,
in liquid ammonia. If the observed polarographic waves given by the
ketones examined correspond to addition of only one electron, one
would expect to observe only pinacol formapion in the controlled
potential electrolysis, but, if the observed waves correspond to addition
of two electrons, one might expect rearrangement of the acetylcyclopropane
to occur during the electrolysis.

The apparatus and the experimental procedure used are described
in the Experimental section. Anhydrous calcium nitrate was used as the
supporting electrolyte since it was the most soluble ('TEg.IlooaﬂoHsa—hJ°)q5
reasonably inert salt available at the time. Unfortunately, E%_for the

polarographic wave observed with acetylcyclopropane was. -1.80 volts,
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relative to the mercury pool electrode, and for calcium ion was. -1.96
volts, relative to the mercury pool electrode.88 This meant that only
a very small range of applied potential was available within which to
carry out the electrolysis.

Three separate electrolysis experiments gave, (1), acetylcyclopropane
(58) and the product from rearrangement, pentan-2-one, in the ratio of
19:1, when the electrolysis was carried out at -1.74 volts, relative to
the mercury pool electrode, (2), an unknown polymeric material when
the electrolysis was carried out at -1.80 volts, relative to the
mercury pool electrode, and (3), 75% recovery of a mixture of
acetylcyclopropane and rearranged pentan-2~one in the ratio of
1.5:1, when the electrolysis was carried out at -1.69 volts, relative
to the mercury pool electrode.

Because it proved inpogsible to koeop the applied potontial
within the narrov limits required, reduction of the supporting
electrolyte occurred during the electrolysis, and it is thought that
this is the explanation for the ambiguity of the results obtained.
However, the technique is sufficiently promising to justify repitition

when a more inert supporting electrolyte is found.
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“he anfared spectre were recorded oxn Unicam SP200 and Perkin-
blmer 237 Spectrophotometers, and the suffixes to the iuirared bands
quoted. are abbreviated weak (w), mediuwm (w), Strong (s), very sirong
(vs), and broad absorption (b).

1H Nuclear maz:etic resonance spectra were run on a rerkin-
Bluer R.10 spectrometer (60 MHz) at 33°, or a Varian Associates H.A.
100 spectrometer (100 MHz) at 280, Samples rere run as solutions
(5-10°/0) in carbon tetrachloride, deuterochlorofori, or benzerne,
with tetraethylsilane as the internsl reference, or as solutions
(5n10°/o) with benzene as the solvent and the internal rerereuce,
using the 5 value of 7.37 Tor the benzene aisorption to convert the
measurements to the & scale. Iz the tesulation of nmr cata the
following abbreviations are used : sin.let (s), doublet (d), doublet
of doublets (& of d), triplet (t), quartes (q), and sultviplet (m).

fnalysis figures were obtained using e Perkin~-Elmer 240 clemental
analyser,

Mass specira were run on an A.s.I. 1.5.902 double focusing
instrument.

Melting points are uncorrected.

Analytical scale vpe was carried out on a Perkin-Blmer 11
instrusent, equipped wit: a flawme ionisation <etector usiig a 50m,
stainless stecl capillery column, coated with either Apizzon L or
Carbowax.

Interration of poaks on vpe traces was achieved using a Gas
Uhromato: raphy Disital Integrator fType I¥. 165.

Preparative scale vpc was performec on a “ilkens Instrument and
Ressarch Inc. Aero - raph Autoprep instrument, model £-~700, using either
10%/0 Ls7ik=-20°/0 Carbowax 207 on Chrorosorb P(L5-G0M) (10ft. x 0.375
in.), 15%/0 Cerbowax 20M o:. Chromosorb S(10ft. x 0.375ii.), or 309/56. SE-
30 on Chromosorb W(20ft. x 0.375in.) as the colwm packing. The
carrier gas was helium (200 ml./min.), and the injector, detector, and

collector temperatures werc 1209, 150°, and 120° respectively.
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Preparation of 1-Aeetyl-2,2-cime thyleyclopropaue.~ Dried, recrystallised

trinsthyloxosulfoniunm iodide (39.0{;., 0.175 moles) was stirrec into dry
cimethyl sulfoxicde (130ml.) A nitrogen atuc Sphere was maintained as
sodiui hydrice (4.2g., 04175 moles) was added slowly, the teupereturs
being kept below L0° with an ice-bath. sesityl oxide (15.78., 04170
moles) was added slowly over a period of 15 minutes, and agein the
ice~bath was used to woderate the teuwpcrature of the mixture.

Stirrin; was countinued for 3 hours and, after a further 12 hours,
the mixture was pourcd onto ice (150g.). Pentane (50ml.) was added,
and, after scpar~tion, the cqueous porticns were extracted with pentane
(2x100m1. ). The coibined pentane extracts were washed with water
(3x100ml.), and brine (100ml.). i “he extract vas finally dried
(iig80 4.) and the pentane wes distilled off at atmospheric pressure.

Vacuun distillation of the residue gave 1-acetyl-2,2-
dimethyleyclopropane (8.37g., 44°/0 yield; bep. 55-59°/45mm,) which
contained less than 10/o impurity (vpe; Apiezon 7, 859, and Carbowex,
60°).

Thcz spectral date (ir end nmr) were in agreement with literature
velues : ir (film), 1690 eu~! (vs); mur (C614), S 0.71 (& of d,1i,J=
1.05 (8,3, methyl cis to acetyl), 1.17 (s,3i:, methyl trans to acetyl),
1.78 (4 of d,11,J=5.5 and 8.02z,:(1)), and 2.14 (8,39, acetyl). The
mass spectrum was as expected : p=112, and at low eV the only peaks
in the spectrum were at %/e=112 (C714,0), 97 (CE;T.S,O), 69 (Cshg),
and L3 (CgH;O). ““he molecular formulae of the ions in the spectrws
were obtained by accurate mass measureuent.

Ldy

Preparation of trans-Pent-3-en-2-onc.- £ solution of triphenylphos-
phine (10.0g.) and freshly distilled chloroacetone (3.25g.) in
chloroform (30i1l.) wes refluxed for 45 wimutes. The solution was
filtered into anhydrous ether (300ml.), and the precipitated
acectouyltriphenylphosphoniun chloride was filtered off, and driec
234-237°)
Acctonyltriphenylphosphoniws chloride (11.0g.) was shaken with

‘‘‘‘ —

an excess of 10'%o aqucous sodium carbonate for 8 hours, and the
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ace tyliethylene triphenylphosphorane forued was riltcred off and dried.
The yicld was 10.23.; m.p. 198-2010, (}_ﬁ._g;_.f 199-2029),

Leetylune tiylene triphenylphosphorene (10.2g.) in methylene chloride
(30ml.) was trcated with freshly distilled acctaldehyde (2.8g.) in
nethylere caloride (50sml.). Acter rofluxing for 6 hours and taen
standing et 20° for & hours, the solvent was distilled ofi through &
50 em. colu.n packed vwith Feuske hclices, and the rosidue was diluted
with pentene (37n:l.). The precipitated, crystalline triphenylphosphine
oxide was filtered off and trosh:d, until colourless, “=th pentane.
The organic filtretes were corbined and the solvent was distilled
through the packed colu.m.

Distillation of ths residue through o 25 em. Vigreux ngRME
iclded trans-pent-3-cn-2-one (2.10z.; L.p. 120-1220, 1it., 2.p.124°)
which contained lcss than 0.59/o impurity (vpe; Apiczon L,55°),

The spcetral data confirmed the assigned structure : ir (£ilm),
1572 (vs), 1630 (s), oud 973 c:=1 (8); mmr (cC1y), & 1.96 (d of @&, 37,
J=1.3 and 6.5 Hz, cz-zsc—wf‘), 2.08 (8,3H, acetyl), 6.00 (1,13, consisting
of a doublet, J=15.9 iz, each peak of which was split into a quartet
=1.3z, 3(3)), and 6.90 (m,1:, consisting of & doublet, J=15.9!z,
coch peak of hich was split into a queriet J=o.5iz, 5(4})-

The preparation when repeetod using acetylmethylenetriphenylphos-
phoraze (215.6g) ond acctaldchyde (58g.) geve trans-pent-3-en-2-one
(L6.280 )

Atteupiet Isomecisetion of trens-Pint-3-en-2-one to cis-Pent-3-en-2-
one- Rorerts et al. reported thet if iodine was added to refluxing
trans-pont-3-cn-2-one, an equilibrium mizture of the cis-and trans-
isomers w: s formed and, since the c¢is- isomer had & lower b.p.
(98-101°) than the trans- isomer (120-122°), it was possible to distil
out the cis~ isomer using a very efficient distillation apparatus.
trans-Pent-3-en-2-ore (20g.) to vwhich o crystel of iodine had
becn added 'ras heated under frst total reflux on a spinning=-band
distillation apperatus. “otel reflux was continued for 4 hr. to
allow o build-up of tho c¢is- isoror at the head of The coluun.  Af'ter

this time, the temperature ot tae heed of the coluun was 99°.
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Distillation of product wes then cormenced, using o vory high reilux/
toke=-off ratio, so that the equilibrium on the column was disturbed as
little as possible. This grve distillate (15g.), vhich was very ret,
(3. vater), c.d o black and tarry residue (5z.).

Voe (Apiezon 1, 55°, and Carbowax, 60°) of the wet distillate,
ond ir (film) of the dried distillete, showed it to be trass-pent-3-cn-

2=-01€ .

The attempted equilibratio:rn was repeated. ‘the water formed s
removed by distillation and freush iodine was added. Af'ter total
reflux for 8 hr. the teupercture ot the distillotion head was 118°,
and very slow distillation gave only trans-iso.er. (vpe,ir). tio
product with b.p. 98-101° was obtained.

98
Preperation of trans-Pent-3-en-2-ol.- Dry, freshly distilled,
crotonaldehyde (71g.) in anhydrous ether (150ml.) was added dropwise

to an icc-cold, vigorously stirred solution of methyliagnesium chloride

in azhydrous ether (850ml.), prepcred from uagnesium (30.5g.) and

methyl chloride, The reaction mixture was allowed to stand at room
temperature for 1 hr., and was then decomposed cautiously with saturated,
aqueous amonium chloride solution (218ml.) forming o dense off-white
precipitate. After the mixture had stood for 1 hr., the ether solution
wes dscanted off and the precipitate was washed by decantation with
ethor (4x150ml.). The combined ether solutions were dried (MgSOy),

and the solvent was removed by distillation.

Distilletion of the residue through = 30 cm. Vigrew:r column gave
trans-pent-3-en-2-ol (75g.,86°/0; b.p. 119-121°, ;iéf%21.5°) which
contained less than 0.5° /o iupurity (vpe; Apiezon L, 55°, and Carbowax,
60°). The spectral date confiried the structure of the product: ir
(£ilm), 3360 (b,s), 1675 (w), and 970 cu~! (s), identical with the
literature spectrum; nmr (CC1y), S 1.4 (8,34 J=6.5:4z, methyl « to C .OH),
1.6 (d of &,3d, J=1.0 and 5.0Hz, CH3C=C), 4.00 (s,1H, which disappeared
on shaking with D0,0#), 410 (m,1H,H(2)), and 5.46 (m,2H,H(5) and H) )
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Preperation of1§rans-1-(2-het@qugglqprqu;) ethenol.~ The Simons—
‘|—|l+ - v o -t ——— - . —-'-\--I-lnl--‘-‘-—-
Smith procedure as modified by Perraud and Arnaudﬁlas cmploysd using

trens-nent-3-en-2-ol,

A mizture of Egggg—punt-j-?nr2-ol (21.5g.,0.25 mole), enhydrous
cther (200ml.) and Zn/Cu couple (32.53.,0.50 woles) under nitrogen
was ~rarmed to reflux with vigorous stirring, and methylene iodids
(134g.,0.50 moles) vas added slovly. ‘'he reaction uixture was
refluxed for 4 hours, and then hydrolyscd -rith saturated, aqueous
aimmoiium chloride solution.  The solid residue '7as broken up,
filtered off, and then washed rith ether (1x50ml.).  "he coubined
filtrates were dried (LgSOh), and distilled to give product (16.0g.,
64°/0; b.p. 80-82°/80mm.) vhich was shown by vpe (Larbowex, 65°) to
contain 60/0 of unchanzed trans-pent-3-en-2-o0l,

Preparative rpe (Carbowax, 100°) of the crude cyclopropylcarbinol
gave material which counteined lcss than 0,5%/o impurity (Vpc; Apiezon
L, 65°). The spectral data of this materiel agrecd with the

published values .b

Preperetion of trans-1-fcelyl-2-methyleyclopropane.~ An ice-cold
solution of trans-1-(2-methylcyclopropyl)-etharol (0.50g.,0.005 moles)
in ether (10ml.) was treated dropwisc writh 6l chromic acid (2.00ml.).
tfter stirring for 2 hr., vpe examination (Carbowax, 60°) indicated
that some unchanged carbinol rereined.  Af'ter the addition of a
further 2.00 ml. of 617 chromic acid, the rcaction mixture was stirred
for a further 2 hr, whon vpe examination (Carbowax 60°) showed the
complete oxidation of all starting carbinol. The aqueous layer was .
separated off and washed with ether (2x10ml, ). The combined ether
extracts were washed with water (5ml.), saturated, agueous sodiun
bicarbonote solution (5ml.), and water (5ml.), and then dried
(1:gS0,). Evaporation of the ether geve the crude product (0.45g.)
chich contained 6°/o of an impurity shovm to be trans-pont-3-en-2-ane
by comparative vpc (Apiezon L, 55°, and Carbowax, (0°),

Preparative vpe (Carbowax, 100°) gave trans-1-acetyl-2-methyl-

cyclopropane which was shown to contein less thaa 0,5°/0 impurity by
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analyticel vpe (4Apiezon L, 550), eond whia%lhad spectral properties
almost identical to the published values : ir (film), 1690 (vs), and
1322 ou~t (m); mar (CC1,), § 0.60 (m.115,H(3) trens to acctyl),1.10-
1.30 (m,?_ii,.-':i(z) and i(3) cis to acetyl), 1.13 (4,3, J=5.0 iz, methyl
at 0(2)), 1453 (m,1ﬁ,;(1)) end 2.13 (s,3H, ccetyl). The mass

spectrum was as expected: p=98, and at low ¢V the only peaks in the
spectrum wore at T/e=98 (C(11400), 83 (C5ig0), 55 () H7), and 43 (C2130),
the molecular formulae of the ions being determined by accurste

mass measurement,

The oxidation was repeated on o larger scale, using 15.0g. of
3593571-(2-methylcyclopronyl) ethanol and 120 ml. of &I chromic acid,
to give, after preparative vpe (Carbowex, 100°), trans-1-acetyl-2-
ue thylcyel opropenc (12.1g.) which contained less thau 1°/0 impurity
(vpe; Apiezon L, 55°).

55

Preparation of Pent-3-yn-2-ol.- The procedure of Raphael for the

preparation of o-acetylenic carbinols was followed.

Lethylrcetylene (80g., 2 moles) was bubbled into a stirred
solution of ethylimagnesiwn bromide (2 moles) in anhydrous ether
(1600ml.), in o flask fitted with a dry-ice conienser. After the
addition was complete, stirring was continued for 5 hr., during which
tiwe the prosynylmapgnosium bro.:ide separated out as e dark oil,
heavier then ether. Ireshly distilled acetaléehyde (38g., 2 moles)
in anhydrous ether (2000ml.) 'ras added slowly and the resulting
solution wes stirred vigorously for a further 12 hr. The magnesium
salt was docomposcd rith saturated aqueous ammoniux chloride solution
and the product was extracted wwith ether (2x1000 nl.).

The combined extracts were then dried (I gSObg, and distilled to
give pent-3-yn-2-ol (102g., b.p. 73°/50mm., 1:Ltf‘, 82°/30m1, ) which
was shown by vpe (Apiezon I., 65°) to contoin less than 0.5%/o0 impurity:
ir (£ilm), 3330 (b,vs),and 2260 cm™' (w); mar (CC1y), § 1.34 (d,3i,J=
6.7 Bz, methyl Lto CiI0H), 1.79 (4, 3H,J=2,2iz, 023050), 3.92 (8,15
which disappeared on shoking -rith Do0,001), and 4,38 (m,17, quartet of
quartets superimposed to give 13 lines, J=2.2 and 6.7z CSCCH).
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Preparation of cis-Pent-3-gn-2-ol,- Lindler's palladium catolyst

was prepared as described in Organic S;yn’cheses._ltb

Pent-3-yn-2-ol (0.843.,0.01 moles) was added to the catalyst
(0.10g.) which hed been prchydrogensted in pentane/ether (1:1; L4Oml.)
and to which had been ~ddcd freshly distilled quinoline (1.0ul.).

No uptake of hydrogen was observed,

“hen the procedure wes repcated on fresh matericl, in the absense
of quinoline, a very slow uptake of hydrogen was obscrved. A trial
hydrogenation of phenyl acetylene, as described in Organic Syntheses,
in the prescnce of quinoline, gave a satisfactory rate of hydrogenation,

A fresh sample of Lindlar's palladiua catalyst wes prepared
using 60°/o of the stated amount of lecd acetate as the catalyst
inhibitor, This vwas found to give satisfactory results on pent-3-
yn-2-ol when used without quinoline.

Pent-3-=yn=2-0l (0.845.,0.01 moles) was hydrogenated over
prehydrogeucted, modificd cetalyst (0.10g.) in pentone/ether (4:1;
40ml.). Upteke of hydrogen ceased after 25 min. when the theoretical
volume hod been absorbed. The catalyst wes removed by filtration

lrough o Celite pad and the solvent was distilled off at =ztmospheric
pressure.

Vpc (Apiezon L, 650) of the product (0.82g.) showed only one
peck, of shorter retention time than the storting moterial, The ir
spectrun of this material, which was quite different from that of
pent-3=yn-2-0l and trans-pent-3-en-2-o0l, was identical to the
published spectrwa of cis-pent-3-en-2-ol: ir (ilm), 3300 (b,s,) 1658
(w), and 733 em=1 (m); nmr (CC1,), & 1.15 (4,31, J=6.2 Hz, methyl ok
to CIOH), 1.64 (d of d,3i J=0.9 end L.0 Hz, C.izC=C), 2.88 (s,1i,
which disappeared on shaking with Dp0,0H), 4.54 (m,“i;--i,}I( d)), and 5.37
(m,2ﬁ,ﬂ(3) and H(h))'

The hydrogenation was repeatcd on a larger scale using pent-3-yn-
2-01 (84g., 1.0 mole) and cotalyst (10.0g.) in pentane/ether (1:%;
1000ml.). Uptake of 1 wole of hydrogen required 5 hours. Isolation
of the product gave purc cis-pent-3-en-2-ol (76.0g.; b.p. 69°/50 mm.,
1it. bepe ES-SO}'!S rwm)
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Preparation of cis—1—(2—iu%hzlgzploprony}) ethano%i -~ “he Siswons-
Swith procedure, as modified by Perraud and Arnsud, @id not sive the
desired product ith cis-pent-3-cn-2-0l.  Instead, three difierent
experiuents gave (1), recoverec stertiug watericl, (2), a crude
product which contained more then twenty couponsnis of rousnly cqual
ewounts (vpe), none of ich hed a retention time of the order
expected for the procuct, and (3), e wixture of three unknown iodo-
coupounds.

The Sinwons-S:dth procedure as described by Dauben and Berezin1
was found to give the desired product if a very short reaction tiue .

and & large volume of solvent was used.

iethylene iodide (5.30g., 0.02 moles) and iodinc (0.015.) were
added to “n/Cu couplu‘ (1.63g., 0.025 moles) in cnhydrous ether
(100ml.) and the mixture as refluxed for 30 minutes under nitrogen.
Yeating wos discontinued end cis-pent-3-en-2-ol (0.86g., 0.01 molc)
in anhydrous cther (10m1.) was added during 20 minutes. The mixture
wes refluxed, under nitrogen, for 15 winutes with vi orous stirring
foliowed by cautious addition of an excess o. saturated. ozueous
aiaionium chloride solution.  The residue was broken up, filtered
of?, and washed with ether (2x501l.). ‘the cowmbinec ethercal
filtrates were washed wwith water (25ml.), dilute aqueous hydrociloric
acid (59/0; 2x25ml.), water (25mwl.), end saturated, aqueous sodiuu
bicarbonate solution (25ml.), and then dried (LgSO4 2

Vpe (2piezon L, 75°) of the crude reaction product showed one
pcak ( ~ 10°/0) in the rogion expected for the product with about
twenty other peaks of much longer retention time.

Distillation of the crude product (1.50z.), after the solvent
hod been removed, gave the followinz fractions,

T bep. 130 -140 ° (0.21g.),

T,  b.p. 140 -1420  (0.39g.),
and 171, b.p. 1209/ 20mm. (0.3Lkg.).

Vpe (ipiczon I, 75°) of the ‘roctions shoved predominantly one
peak (80°/o in I, 85°%/0 in II, and 65°/0 in III), writh a nuwier of

impurities with wuch lon er retention time. The nwr spectrel data
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of the purest fraction (.T), "hile showing several impurity peaks, wos
identical to the publishcd spectrun for cis~-1-(2~-nethyleyclopropyl)
ethnanol. 5

The preparation wos repeated on & larger scale (20x) and the
crude proGuct iras purified, by preperetive vpe (Carbouex, 1000),
giving cis~-1-(2-uethyleyclopropyl) ethanol (8.6g.,43°/v) which wes
showm by enclytical vpe (Lpiezon L, 759, tarbowex, 80°) %o be 98°/o
pure: ir (£iln), 3350 (b,vs), and 3060 cu~? (w); nr (cc1y,), 8 0.07
(1,1, cyeclopropyl H), 0.60-0.85 (., 3, cyclopropyl H's), 1.03 (¢, 34,
J=3.0lz, nethyl at C(2)), 1.22 (d,3H, J=6.0iz, nethyl A to CHOH),
3.27 (n,1H,H(2)), and 3.42 (s,1H, which disappeared on sheking with
D20,07)3 mwr (Cgig), 0.22 (1,14, cyclopropyl i), 0.74-0.96 (n,3H,
cyclopropyl H's), 1.12 (@,3H, J=3.0iz,methyl at C(2)), 1.49 (4, 3%,
J=56.0"z,ethyl  to CiCH), 3.26 (4%, which was partizlly resolved
into a doublet, J=3.2Hz, and which disappeared on sheking with DO,
0'), and 3.50 (m,1H,%(2)).

Preporation of cis-1-lcetyl-2-iethylceyclopropenes- cis-1~(2-liethylcy-

clopropyl) ethanol (5.0g., 0.05u0le) in ether (25ml.) wae oxidised
with 6li chromic acid (20ml.). The work-up procedure eiployed in
the preparaction of trang-1-acetyl-2-methyleyclopropane, p.hlg 3
gave crude naterial (6.3g.) which wes purified by preparctive vpe
(Cerbowax, 100°) to give cis-1-acetyl-2-uethyrleyclopropane (L4.2g.,
86°/0), conteining less than 1°/o iupurity (vpe; Lpiezon L, 70°,
Carbowax, 65°).

The ir ond war spectral datcufor this coupound were as expected
and agreed —rith published velues : ir (filw), 1690 o~ (vs); nmr
cC1y,), § 0.96 (n,28,7(p) end I(3) trans to ecetyl), 1.01 (&,3H, J=
5.84z, uethyl ot 0(2)), 1.30 (m,1H,H(3) cis to acetyl), 1.99 (:;1,1,-;1(1)),
and 2.15 (8,37, acetyl); mnar (Cgig), 0.85 (m,1H,iH(2)), 1.00(:,1H,
H(3) trans to acetyl group), 1.23 (&,3%, J=1.8z, nothyl at C(2)),
1.46 (n,1H,H(3) cis to acetyl), 1.72 (13,175,15(1) < to acetyl group),
and 2.08 (s,371, acetyl).

The nass spectrw: showe¢ ~ cracking pottern identical to that

of jggg§r1-acetylmZ—nethylcyclopropane : p=98, and at low eV the
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only peaks in the spectrun were at 1/e=98 (£}§I100), 33 ({:55{70), 55
(C}_FE-I‘/), and L3 (021130). The forrulee of the ions were obtained fron
cccurate mass measurement.

Preparation of L-Ethylhex-3-en-2-one. (2) By the ‘’ittig Reaction =~

The method first tried wes that used in the preparation oi' itrans-pent-
3-gn-2-one, p. | L

4 solution of acetyluethylenetripaenylphosphorane (100g.) and
pentan~3-one (34.4g., 0,40 1oles) in rcthylene chloride (450m1.)
was refluxed for 12 hr. under nitrogon. the solvent was distilled
off oanG the residue diluted -7ith pentane (250ml.) to sive & white
chrystalline precipitate which was filtered off. The organic
filtrote was concentrated and distilled to give a product (33.0z.;
b.pe 99-102°) identified as pentan-3-one (b.p., ir spectrus, and
vpe; Lpiczon L, 759, Carbowai, 85°). ‘the unchonged acetyliethylene-
trinohenylphosphorane, wwhich was precipitated with pentane, was
recrystallised from methylene chloride to give pure materinl (95g.;

m.p. 198-201°, 111;.?71 99-202°),

The atteipted preparation wes repeated using the cunditions of
Ruchardi, Eichler and Panse for the reaction of stebilised ylides
with corbonyl coippounds.

L solution of acetyluethylenetriphenylphosphorane (95g.), &
lorge excess of pentan-3-one (1723., 2.0 roles), and benzoic acid
(12g.), in anhydrous, redistilled benzenc, was refluxcd for 48 hours
under nitrogen. The sawme work-up procedurs s above gave unchanged

pentan-3-one as the only product.

b
(b). By a Directed 21dol Condensation (Tittig end Suchanek 3.—
Concentrated hydrochloric acid (0.75g.) ras added to a mixture of
acetone (72.5g., 1.25 :0le) and cyclohexyloitine (123.753., 1.25 1oles),

and, after shaking for o few scconds, wes set aside for 12 hr.  Several

pellets of sodiwr hydroxide were thern added and, after 8 hours, the

aqueous layer was separated. The organic layer was dried over phos-
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-phorus pentoxide and distilled under nitrogen. ‘he fraction b.p. 75-
6°/201m1, vias collected and redistilled under nitrogen tc sive li-isopro-
pylidenecyclohsxylaizine (120g., 69°/o, bep. 79°/2Lri.., l:i,t.q,cl \20-b [ 76O e,
as a colourless liquid. 4he vroduct =ins stored. S s

over phosphorus pentoxide under nitrogen. Vpe (Lpiezon L, 1500)
showed only one peak and ir exawination showed the expected absorption

at 1663 el (s).

L solution of methyl-lithbﬁ%gxlanhydrous ether0(60031.) was
prepered by the nethod of ¢ilian, froi lithium saend (15.23., 2.20
moles) and methyl iodide (142g., 1.0 :0le), and was shown to be 1.,40M
(by the Giluan test ).

Pure di~-isopropylosdne (76.8g., 0.76 roles) in anhydrous ether
(400ml.) was added dropwise to 500 rl. of o stirred etherecal solution
of methyl-lithiun (1.401; 0.70 uole) under nitrogen. hen the
evolution of methane ceased and the rcaction mixture had stopped
boiling, freshly distilled li-isopropylidenecyclohexyleiize (97.3g.,
0.70 uole) was added at 0°. The reaction nixture wes then cooled
to =709, when the retel derivative of the Schifi's base crystallised
out, and pentan-3-one (60.2g., 0.70 uole) was edded. ‘The reaction
mixture was allowed to war:: up to roon teuperatre anc Jeft for L8
hours,

fqueous oxalic acid solution (0.8E, 4000:id.) was added ond
the precduct was stean~distilled.  “he ethereal solution of procuct
was then dried (1gSOL) and fractionally distilled to give two frectionms,
I, b.p. 98-102°9, (19.0g.), identified as pentan~-3-one bLy couparative
vpe (Lpiezon L, 85°9), b.p., end ir spectrus, and II, b.p. 92-94°/
80um., (L0g.; 45.5°/0).

Vpe (ipiezon I, 75°, (Carbowax, 850) of fraction II showed 3
peaks in roughly cqual amounts and of aluost icenticel retention
tize. Dxauination of the ir spectrun ((film), 1710 (s), 16C5 (s),
and 1620 cu~! (s)), shored the presence of o large olefinic absorption
and conjugated and unconjugated c-rbonyl absorptions, Lt low eV,
the moss spectruwn showed only peaks at 1/e=126,111,97, and 43.

Traulk and Fry I?'.‘ounrl that, in the preporction of 5-ethyl-4-
rethylhept-L-en-3-one, 93°/b off the unconjugated isoner, 5-ethyl-l-
ue thyhept-5~en-3-one, wes forued and only 7°/c of the expected

conjugated isoner.



The product obtained iras probably, therefore, o rdzture of Le

gthylhex-3-en~2-one and cis ond trauns-L-ethylhex-L-en~2-one,

The product udxturc could not be separated by either preparative
vpe (Carbowex or SE-30) or thin leyer chroratogrephy (oluidne or

silica).

Litte pted reparetion of 1-icetyl-2,2-dicthyleyclopropane.-  The

procedure of Lendor and Punjo was used.

"o o suspension of sodiun hydride (2.4g8., 0.10 role) in anhydrous
¢ivethylfornenide (200ml.) was added, in one poition, nowdered
trimethylsulfoxoniw: iodice (22.18., 0.10k mole).  in exotheriic
reaction occurred writh vigorous evolution of hydrogei. ifter stirrin:,
for 15 minutes, the mixture of isoners of L-ethylhexen-2-one (12.6g.,
0.10 1ole) in diuethylforicride (50rl.) was added. The reaction
mixture wos stirred overnight under nitrogen, poured into hydrochloric
acid / ice~uater (200:1.; 3°/0) and extrected with pentane (3x200 il.)e.
The coibined pentane extracts were washed with water (100.1,), dried
(1:480,), end the pentane reioved by distillotion.

Distillotion of the residue gave wateriel (12.6g., 55°/69ui.)
which was a mixture of three products, portially resolveil by vpe
(ipiezon L, 60°, Carbowex, 50°). The wixture could not be seperated
by preparative vpe (Carbowax, SE-30), or colw.m or thin layer
chro:atograpiy (silice gel or alu:‘-ilm). The m:axr spectru. of the
product rdxture wes very coiplex and showed a loarge nutiber of lines
betwcen & 0.62 and 2.50, and a small rultiplet at § 5.30 in the

region expected for olefinic protons.
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Properciion of ,h-Diuethylp.atan-2-onc.- L,l-viuethyl;« nton-2-ons
wes preparedc ironi weihylmagnosiug iodide anc wesityl oxice, using

the proceeure desceribod by Asinger and Gcntzw::%‘or the ebuaoruel
Grignard addition or nethylin nosiwz icdide o «f-uns: turated cirbonyl
compounds, and purified by prewarative vpe (S5-30, 120°):ir (film),
1712 (vs), 1366 (s), and 1220 ci~! (8); mw (CCYy), 8 1.00 (s, 94,
le3t), 2.03 (s, 37, acciyl), and 2.23 (s,27, CiHo00).

Prepar-tion of L,L-Di:

caylpenton-2-0l,- Reduction of L,L~=dizethyl-

penton-2-one (1.143., 0.01 1noles), with lithium alumiizin: hydrios
(0.13g., 0.003 moles) in cther (10:ml.), gave L,l-diiethylpenter-2-ol
(0.945.), after purificatiorn by preparstive vpe (5E-30, 120°).
Oxidation of this procuct, vith 6 chromic acid in ether, gave
back L,L=Giiethylpentan-2-one, identicied by cowoarative vpe (fpiezon

L, 75°, Carbowex, 60°),

Preparction of 1-(2,2-Direthyleyclopropyl) cthonol.- Reduction of
1-acetyl-2,2-diiethyloyclopropane (Lo43g., 0.0L moles), .ith lithiws
alwdniuv: hydride (0.4758., 0.0125 moles) in cther (20me.), gove

the product (39.2g.; 839/0; b.:. 70-72°/48mir. ), hicik shoieé two
pertielly resolved pecks on vpe (Apiczon I, 500, Carbovex 500) :rith
retention tiwe longer thon that of 1-acetyl-2,2-dimethyicyclopropaue:
ir (£iln), 3410 (8), and 3080 cu=1 (w).

The product alcohol was s-owm to be a mixture of Hue two possible
dicsterecoisoners by oxidetion with @ chromic acid in cther. 1-
Acetyl-2, 2--dimethylcyclopropans, identified by its ir specctrui. and
by coiparetive vpe (Lpiezon L, 85°, Carbowax, 65°), wrs the only

products

Reduction of 1-icetyl-2,2-dimethyleyclopropane -rith Jdthium in Iiquid
Lmmonia.  Fethod L. - inhydrous aimonis (25ml.), dricd by passing
through calcium oxide, was condensed into o graduated, 100ml., 3-
necked, R.bB. flask, rittec with a Dry-Ic: condenser, and protecuved

froi: atiospheric woisture by a dryiuy tube ©illed with caleiw oxide.
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1-Acetyl-2,2~dincthrlcyclopropane (0.25g) was addsd, followed by
Tithiua (0.110g.) in onc portion. lagnetic stirring of +the blue
solution obteinzd wes continued vor 2 hours, and then the reduction
mixture wes decomposed by the cautious addition of an excess of solid
armoniun chloride. Ether (50ml.) -ras added, and the ammonia was
ellored to evaporate. “fater (10ul.) wes added to dissolve the seolid
snlts left in the flaosk, the ether layer was seprrated, and tas
aqueous loyer wes extracted with ether (2x25ml.). Yhe coubined ether
leyers wore washed with water (10ml.), dilute hydrochloric acid (5°/o,
10ml.), and saturated sodium bicarhonate solution (10:%.).  The dried
solution (thOh) was concentrrnted to aprroximately Zil. by distiiling
of{’ most of the ether through a colu.n packed with Fenske helices.

The product showed six peaks on vpe exsiminetion (ipiezon L. 659,
Corbowax, 60°), Thesc srere identafied as 1-acetyl-2,2-diuethylcyclo-
propane, L4,Lk-dinethylpentan-2-one¢, S-nctiylhexan-2-ouc, and their
corresponding alcoliols by comparstive vpe (Apiezow i, 659, Carbowrax,
600).  Yhe prenmaration of authentic sa:ples of 1-(2,2-dinethyleyclo-
propyl) cthenol, L, Lk-dimethylpeiton-2-ouc, and 4,Lb=disetiylpentan-2-o0l
was described on pages 29 ané %3 respectively, anc suthentic
sanples of 5-unethylhexarn-2-onc and b=-nwethyliexan-2-ol vwre obtained
fron Xoch-Iight Co.

Oxidation of the reduction product in ether (5ul.), 7ith 6il
C¢hroaic acid, gave a product mixture showing cnly three neaks on vpe
cxamination (fpiezon L, 65°, Carbowax 60°). ‘“hese wers identified
as 1-acetyl-2,2-direthyleyclopropane (26),4,4~dinethylpentan-2-one (535),
and 5-mcthylhexan-2-one (547) by comparstive vpe (ipiezon L, 65°,
Carbowax, G0°). The threc were separcied by preparctive vpe (carbowex,
1000) end their structure confirmed by couparison of the ir spectrua
of eecn wvith thot of authentic samples. Peck integration on sercral
vpc analyses of the oxidiscd product gave a product distribution
which wes uncorrectec for the difrerentmoler sensitivity of the

products to the detectlor.

Toble 1 shows the results ol severcl reductions using the procedure
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descriced in the sbove representative reduction. The cctual weights
of lithiui: and 1-ncetyl-2,2-dinethyleyclonropane used, air +the volune
of liquid emmonia in vhich the rcduction wras porforied, -ie shovn in
the Teble.  Product distributions irere corrvected for iolar sensitivity
(obtained by peck integration on vpe analyses of several accurately
woighed nixtures of the three productss) ond noriwelised to 100°/0.
Product ratios were calculated from this corrected product distribution
In soue reductions, a vpe internal stendard, decare, was addcd
ith 1-acetyl-2,2-dinethyleyclopropane. The ratios of starting
material to decane, and total product to decane (all ¢ rrected for
molar sensitivity), cre shown in the Table as the 'decoue integrait,

'before reduction', and 'after recuction'.

icthod B. - ILithiun (0.110g.) ‘s added to enliydrous liquid cromonie
(5011.) in a grodunted, 100ml., 3-necked, ... £lesk fitted with a
Dry-Ice condenser, os in method f4, anc the resulting blue solution
wes svirred mognetically for 30 minutes to ensure completc dissolution
of the lithiuwi. One arm of the flask carried a screw-cep adaptor,
fitted with a seruu cap, and throush this e nixture of 1-acetyl-2,2-
dinethyleycloprovane (0.50g.) end decane (0.15g.) was slowly cdded,
by meens of a syringe, directly into the amsonia solution. Stirring
w1as continued for 2 hours, and then the reduction mixture s
decorposed by the carcful addéition of an cxeceuss of solid suimoniuu
chloride. Ether (50ml.) was added end the amuonic was :Jlloved to
evaporate, Vater (10ml.) wes sdded, the cther layer wi-.s sepercied,
end the aqueous layer wos extrected with ether (2x25:1l.). The
combined extracts were dried (E@SOA) and concentreted to apout 2.d.
by distilling off the ether through a coluun packed with lFenske helices.

Comparative vpe exairination (Apiezon L, 65°, Carbowax, 600) of
this material shoved decane and the same six products observed using
tethod A.

The reduction product mixiure in ether (5al.), was oxidiscd with
6N chromic acié. Vpe examination (Lpiezon 1., 659, Carbowax 60°) of

the oxidised product showed it to be a :ixture of decane and the same



threc ketones obtained using nethod L.  Peak integration on several
vpe analyses of this product geve the product distribution.

Tabl: 2 sho's the results of several reductions using the
conditions docscribed cbove. £11 integrations were corrected for
volar sensitivity. The 'decane integral?!, 'before recduciion', refers
to the ratio of sterting reterial to decene, and 'after reduction',
to the ratio of total product to decanc.

Table 3 shows the results of tie ruductions on 1--setyl-2,2-
diuvethyleyclopropene (0.50g.), using the .cthod as ehrve, but carried

out in 500ml, liquid aimonia.

Jawionia.- Table 4 shows the results of several reductions of 1~acetyl=-

2,2-direthyleyclopropane -:ith barium in liquid armonia, using the
conditions described in method B, page gE; for the reduction of this
ketone with lithium in liquid arsionia.

211 reductions were carricd out in 50ml. liquid amionia on a
mixture of ketone (0.50g.) and decane (0.15g.). 411 integrations

were corrected for molar semsitivity.

Reduction of 1-ifwcetyl-2,2-dimethylcyclopropane with Sodjium in ILiquid

fumonic.- Table 5 shows the results of the reduction of 1-acetyl-2,
2-diuethyleyclopropane (0.505.) wwith sodjum in liquid amicnia (50ul.),
using nethod b, page 25 In those cases in which decans wos 0%

added with the cyclopropyl ketone, nc entry was shom in that colu.n

of the table for the 'decans integral'.

Tetra~cthyloiionium Cations.-  Solutions of wetels in liquid

amsonia (50ml,) werc made up as in method B, page QS and then a
slight excess of tetra-cthylausonium chloride was added to precipitate
the metal as its chloride. The resulting solution was stirred

for tun :dnutes cnd then 1-acetyl-2,2-diuethyleyclopropane (0.50g.)

wos added as beforec. The some work-up procedure as described in



nethod B was followed.
The results of thes: raductions cre showm in Pable 6.
Tetre—ethylari.oniwi chloride was obtoined frou L.D.1. and dried,

in_vecuo, over P205, before use.

Reduction of 1-icetyl-2,2-di.ethylcyclopropane with 1ithium/Lithium

Todide Idxtures in Tiquid Jomonia. - L weighed quantity of lithiuu

iodice was added to a solution or lithiuu (0.20g.) o liquid e.zonia,
uade up as in methoo B, page 35, anc the resulting zolution was
stirred for a further 15 idnutes, before adding 1-ocsityl-2,2-divethy-
lcyclopropane (0.50%.). The scie work-up procedure as used in
tethod B vwras followed,

‘ieble 7 shows the results of reductions using lithium (0.20g.)
anl. varying coounts of lithium lodide.

Table 8 shows the results of reductions using other quentities
of lithiu:: metal, -rith lithiun iodide.

Lithiun iodide wos obtained, as the trihydrate, fron .. .H. and

was dried at 350C before usc.

Reductions of trans-1-lcetyl-2-iethyleyclopropene :rith Iithiwz in

Liquid Jecuonie, =  The results of several reductions, using

nethod B, p. 85, ou traus-1-acetyl-2-uethyleyelopropene (0.503.),
in liquid a::ionia (5011l.), are shown in Yeble 9. .11 vroduct
distributions &nd ratics were corrected for iolar sensitivity, and
decone (0.15g.) ves used as a vpe internal stendard.

"he recuction product wos sho'm to be @ idxture of ceca.e, trans-
1=acetyl-2-iethyleyclopropane, L-iethylpuntan-2-one, hexan-2-one and their
corresponding aleochols by couparative vpe (Carbowax, 600). iuthentic
sarples of L-uethylpentan-2-one, L=-uethylpentan-2-ol, hexen-2-one,
and hexon-2-o0l were obtained fron Koch-Light Co., and _’9_15':'11:13—1—(2-
nethylevelopropyl) ethanol was prepered as described on page

Oxidation of this reduction product :dixture gave a upixture
sthich showed only three peeks, opart froi: decane, on vpe examination.

These were identified as trens-1-acetyl-2-iethyleyclopropane ( _2_%),
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hexon-2-ore (56), and L-uethylpentan-2-one (57) by couparative vpe
(ipiezon I, 65°, Carboiax, 60°). ‘“he three products wers seporated
by preparative vpe (Carbowox, 85°) and their identity confirued by

comparison of the ir spectrus: of each with that of autaentic saiples.

Reduction of cis-1-Lcetyl-2-.cthyleyclogropane with sithiws in Iiquid

firmionia. =  The results of reductions, using wethod 3 page g5
on cis-1-acetyl-2-uethyleyelopronane (0.25g.) in liquid cironia (50ml.)
are shown in Teble 10, 411 product distributions and iatios ere
correctcd for iolar sensitivity, and decane (0.15g.) was used as o
vpe internal standard. _

The products, aftcr oxidation, were identif'icd es cis-1-acetyl-
2-iethyleyclopropane (28), hexan~2-ore (5o), cnd L-tethylpentan-2-

one (57) by comprretive vpe (Carbowvex, 60°).

Reaction of Substituted ficciylcyeclopropenes -rith Di-t-butyl Peroxide

and Butan-2-o0l. - /. mixture of the substituted acctyleyclopropaone
(0.001 mole), butei=2-0l (1.40g.), ené di-t-butyl percxide was heated
in a sealed, thick-walled, Pyrex tube for 1k hours ot 137°.  The
product was auclysed directly by vpe aid 2ll product distributions

were corrected for detector sensitivity.

Table 11 shows the results of three reactioans on 1-aceiyl=2,
2-diuethylcyclopropene (0.112g., 0.001 :ole), using 0.143g., 0.225g.,
and O’.l;.BOg. respectively of di-t~butyl peroxide. “he reaction
product was shovn to be a mixture of 1-acetyl-2,2-dinethylcyclopro-
pane, L,4-dinethylpentan-2-onc, and 5-methylhexan-2-one (vpr; fpiezon
I, 80°, and Carbowax, 40°).

eble 12 shows the results of three reactions on trans-1-acetyl-
2-nethyleyclopropane (0.098g., 0.001 mole), using 0.113g., 0.225g.,
and 0.450g. respectively of di-t-butyl peroxide. The reaction
product was shown to be a mixture ol trans-1-acetyl-2-uethycyelopro-
pane ,4-nethylpentan-2-one, and hexan-2-one (vpe; Lpiezon L, 809,

and Carbowax, L0°).
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Iable 13 shows the results of three reactions on cis-1-acetyl-
2-methyleyclopropane (0,098z., 0.001 wmole), using 0.113z., 0.225g.,
and 0.4505. resnectively of di-t-butyl peroxidec. The rcaction
product was shovm to be a mixturce of cis-1-acetyl-2-nmethyleyelopro-
pane, L-methylpentan-2-one, and hexan-2-one (vpe; Lpiezon I, 809,

and Carbowax, 40°).

Rearrangenent of Substituted 1-(Uyclopropyl) ethanols with Di-t-butyl
Peroxidc. - 4 nixture of the substituted 1-(cyclopropyl) etharol,
and di-t-butyl peroxide, with decenc as an internal vpe standord,

wes heated in o sealed, thick-~ralled, Pyrex tube for 14 hours at
1400,  The »roduct wrs anclysed directly by vpe and all product
distributions wrere corrected for detector s-nsitivity.

Table 14 shows the results of three reactions on 1-(2,2-dimethyl-
cyclopropyl) ethanol (0.50g.), using 0.05:., 0.15g., and 0.50g.
respectively of di-t-butyl peroxide.  Fhe reaction product wras
shown to be a mixture of 1-(2,2-dimethylcyclovropyl) cthanol, k4,L4-
direthylnenten-2-one, and 5-nethylhexan-2-one (vpe; Carbowax, 50°).

1-(2,2-Direthylcyclopropyl) ethanol was prepared as a :dxture
of the two possible diasterso-isoiiers and -as used as such. fihe
rotio of the dinstereoisomers ‘es uachanged in the unreccted

moterial in the above reactions.

Te..le 15 shows the resulis of three reccticns on,3599§71~(2-
:ethyleyclopropyl) ethenol (0.25z.), using 0.025g., 0.075g., and
0.250g. respectively oi di-t-butyl peroxide. “he reactivi product
was shovm to be a mixture of j£9g§71-(2—uethylcyclopropy1} ethanol

L-.ethylpentan-2-on. , and hexan-2-one (vpe; Cerbowax, 60°).

Table 16 shows the results of three reactions on cis-1-(2-
nethyleyelopropyl) ethenol (0.1255.), using 0.013g., 0.038g., and
0.125g. respectively of di-t-butyl peroxide. The reaction producf
was shown to be a uixture of g;§71-(2—mﬁthquycloprogyl) ethaiol,

L-11ethylpentan-2-one, and hexan-2-one (vpe; Cerbowex, 60°).
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Reaction of trams-1-feetyl-2- g¢thyleyclopropang rrith fodium in bioxan.-
f-ﬂcety1-2—uethy1qyclopropane (0.098z., 0.001 mole) in redistilled,
purificd dioxan (1ml.), end sodiu: ((a), 0.024hz., and (b), 0.048gz.)
was heated for 14 hours, at 1359, in o sealed, thick-walled, Pyrex
tube with dccane (0.10g.) as an internal vpe standard.

Dilute hydrochloric acid (2ul.) was added cautiously and the
hydrolysec product was extracted with ether. Vpc exa ination of the
ether extract of both recction products showed thet trois-1-acetyl-
2-nethyleyclopropane, L-methylpentan-2-one, and hexan-2-one accounted
for less than 20°/o0 of the storting naterisl. The vpe retention
tine of dioxan was such that the produet distribution could not e
deteriined. The vpc exauination showed many unicentified products

of long retention tiue.

sttempted Preparation of 2-Cyclopropylpropionaldehydc.- — The procedure

3
uscd wes that of Wittiz and Knauss,” and Levine?q'for the addition of

rie thoxy.ie thylene triphenylphosphorane to carbonyl coupounds.

4 solution of sodium ethoxide (0.02 1oles) in anhydrous ethanol
(10ml.) was added to a wixture of’ acetylcyclopropane (q502 1oles,
1.68g.), ond ethoxynethyltriphenylphosphoniun chloride (6.8Lg. .
0.02 noles) in anhydrous ethanol (5011l.).  'fhe solution was stirred
with heating, under nitrogen, during 12 hours.

L sunll portion (4ml.) of the reaction mixture wes shaken for
8 hours with satureted aqueous, sodium bisulphite solution (1ml.).
The resulting precipitate was decoimposed w7ith aqueous potassiun
carbonate solution, and the solution obtained wes saturated with
sodiun chloride and extracted with ether. Vpc examinaticon (Lpiezon
L, 400, and 100°) of the ether extract showed no volatile product.

L snoll portion (2ml.) of the reaction mixturc wes heated under
reflux, for 10 minutes, with dilute hydrochloric acid (1:1l.), ond
theun saturated with sodiuwa chloride and extracted twrith ether. Vpe
exe dination (Carbowax, 60°) of the ether extract showed only ethanol

and acetyleyclopropane.
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Preparotion of 2-lethyl-1-phenylpent-3-en-i-ol, - (a) 2 -Drowopent-
3-ene (0.20 moles, 30g.), prepered fro.i pent—}-enHZ-olj wos added
with stirring to magnesiwi turninszs (0.60 woles, 14.6g.), in avhydrous
ether (200:11.), during 10 hours. Redistilled benzaldehyde (0.15
noles, 15.9) in ether (50:l.) wes added slowly, the resulting solution
was stirred for a further 1 hour, and then the reaction ixixture wes
cautiously hydrolysed with saturated, aqueous amaoniw chloride
solution.

The product was extracted with ether (5x150ml.), and, after
drying (ngOg), the ether was removed by rotory evaporation.

Infared exardination of this crude product showed a large absorption
ot 1699 el attributed to unrcacted benzaldehydc.

The crude product was redissolved in ether (100nml.) and sheken
with saturated, agueous sociuwz bisulphite solution to reiove
benzaldehyde as the bisuphite addition coopound.  The filtered
gther solution was then washed with weter (2x50ml.), aqueous sodiwz
bicarbonate solution (50ul.), and water (2x50ml.), dried (igS0,),
and concentrated by rotary cvaporation.

Infrared examdination of this product showed no sbsorption aw
1699 ci-1, but e broad, hydroxyl absorption at 3330 ci™!, and an
absorption at 168k ci~1 characteristic of a conjugated carbonyl.

Distillation gave the procduct (10.1g.; bep. 61-62°/0.03:1;
ir (filn), 3330 (b,vs), and 1684 cu~1 (vs)) which showed tio peaks
on vpe anolysis (4piezon L, 170°). The two components verce separated
and purified by preparative vpe (Cerbo ax, 140°).

“he product with the shortust retention time (Ipiezon L, 170°)
was identicel with benzyl alcohol (ir spectrwa, mar specin.i, LASs
spectrui, and vpe).

Analyticel vpe excminotion (ipiezon L, 170Y) of the second
product shower. taat preperative vpe puriiication (Carbowax, 140°)
hed ceuscd soue rearrangeument (15°/0) to another isomeric product
of slightly longer retention tiic. The product rnxture had the
foliowing s»ectral date : dir (filu),168k (vs), and 1648 e~ (s);
pass spectrun, p=174,- at low eV, the only other peacks in the spectrun

were at 1/e=105 and 69,



(b) The Grignard uagnesiwi coupound of 2-brouopent-3-ene (0.2 noles,
30g.) 7as jprepared as described in the previous preparation. The
solution was filtered tarougn o gless-wool plug, under - irogen, and
shown, by titration, to contain 0.113 woles of Grignard reagent.

Bongeldchyde (0.100 noles, 10.6g.) in ether (100.1.) was added
slovly, over 5 hours, %o the vigorousl; ctirred solution of Grignard
reagent. A4fter standing for 1 hour, the reaciion mixturc was
cautiously hycrolyscd with an excess of scturated, aqucous amuloniw:
chloride solution. 'Yhe ether extract was washed with water (2x50ml.),
aried (1'gSOy), ond then concentrated by rotary eveporation.

Distillation gave & product (17.1g.; ».p. 60-63°/0,03mi.) -hich
wes shown by vpe (ipiezon L, 170°) to contain 10°/o of an inpuriiy
which had the seme retention tiie as the main product ketone isoloted
in the previous preperation.

Redistillation gave 2-npethyl-i-nhenylpent=~3-cn=1-0l as 2 colour-
less liquid (16.23.; b.p. 61-620/0,03.:..) conteining 5°/o of a
single inpurity (vpe; 4piezon L, 170°) : ir (film), 3400 ca~? (b,s),
and a suoll absorption at 1684 cn~1 (attributed to a conjugeted-
ketone iupurity); nwr (CC1 4_), & 0.85 (peir of d,3id J=6.5 1z, CH3CI),
0.90 (i3, 1i,1I(2)), 1.40 and 1.60 (two t, 3II, J=6.0liz and 2.0:z,CH?0=C),
2.60 (s,1ii,0:), 4.2(;.1,11{,1—1(1)), 5.30 (broad 1,21,1i(3) and H(;_I_)),and
7.10 (broaé s,51, phenyl); nass spectrui, p=176,- at low eV, the

rajor peaks in the spectrun werc at ry/e=107 and 69.

Lttenpted Preparation of 2-(2-lethylcyclopropyl)-1-phenylpropan~1-0le=
(a) Freshly distilled 2-iethyl-1-phenylpent-3-en-1-o0l [2.01 noles,
1.76g.) and Zn/Cu couple‘ (0.02 moles, 1.30g.) in ciher {Z5ul.), under
nitrogen, were waried to reflux with vigorous stirring. sethylene
iodide (0.02 moles, 5.36g.) was added slowly and, after re:luxing

for 6 hours, the reaction idxture was cautiously decomposcd with an

excess of dilute, aqueous hydrochloric acic, followed by extraction
with etner (3x25al.).

The ether extract wos washed with weter (20ml.), eud saturedicd,
aqueous sodim: bivarbonate solution (20sl.), dried (LgS0), ond
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concentrated by rotery eveporation to give the crude product (3.05g.)
identified as o mixture of sterting meterial and nethylc e iodide

(vpe, infrared and rass spectra).

(b)  The reaction was repeated using 2-methyl-1-phenylpent-3-en-1-
ol (0.02 moles, 3.52g.), Zn/Cu couple (0.08 woles, 5.2g.), and
rethylene iodide (0.04 moles, 10.72g.) in ethor (25m1.).

Vpc examination (Lpiezon L, 170°) of the crude iwterial obtained
after a reaction tiie of 48 hours showed twenty peaks.

Distillation gave a fraction (2.20g.; b.p. 80-88/0.05:u1.)
which showed fiftecn differunt peaks on vpe exeumination (Lpiezc. L,
170°).  The major couponent (159/0) of this mixture had a ret:=:ntion
ti:e identical with that of 2-methyl-1-phenylpent-3-en-1-ol, 'ne
mass spectrum of this mixture, at low eV, showed & large peak at
n/e=176, and only a sucll peak 2t n/e=190,

Preparation of Hex-l~yn-2-ol.- (a) lizthylacetylene (1 wole, L0g.)

wes bubbled into a solution of ethyliegnesiua bronide in cther
(400m1.), under nitrogen, conteined in o flask fitted with a Div-Ice
condenser. Lfter the addition of nmethyacetylene as complete.
stirring wos continued for 5 hours, during which tiue the Grignard
reagent separated out as a dark oil, heavier than ether. The
Dry-Ice condenser was replaced by a water condenser, 1,2-cpoxypropane
(1 mole, 58g.) in ether (5011.) was added slowly and the 'ixture
was stirred vigorously for 18 hours.

The reacticn mixture was hydrolysed wita saturctecd. ngueous
amoniun chloride solution and extracted wwith ether (2x:)ml.).
The ethereal extract was dried (igS0,), concentrated, an: distilled
to give ¢ mixturc (51g.; b.p. 64-68°/28::1,) of two products
(vpe; Apiczon I, 70°). Distillation on a Buchi spinning band
distillation apparatus gave the following product fractions:

I (27g.; b.p. 71-74°/60m1.), which wes pure by vpe (ipiezon
L, 700) and wes identificd as 1-brouopropan-2-ol : ir (film), 3380
(b,vs), and 670 cu~! (s); mar (CC1y), § 1.23 (4,33, J=6.3z, methyl),
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3.40 (tro overlapping doulets, 27, J=5.0 and 6.0i'z, nctiuylene),
3.67 (s,1%, which disappeared on shei:ing with D0,0i), r.4 3,92
(1,1:7,01); nass spectru, p=140 ond 1338,- at low eV, t'. other main
peaks in the spectrus were at 11/e=125,123,82,80,59 and L45.

1T (10g.; b.p. 75-85°/6011i.), which was shown by vpe (Lpiczon
L, 70°) to be a mixture of 1-brouopropai.-2-ol #nd hex-L-yn=-2-0l,

IIT  (12.5g8e; bep. 85-86°/601n1.) wiich s pure.by von
(ipiezon L, 70”) and hed the spectral proveriics expected for heu=L-
yn=2-0l : ir (fils), 3350 cu~1 (L,vs); now (c<1y,), S .18 (a,3H, J=
6.3z, uetivl), 1.76 (t, 3H, J=2.6iz, GizC=C), 2.20 (m,2H, metlylene),
3.68 (s,17, which disoappeared on shaking with Dp0,0:l), and 3.8¢
(n, 1% T(2)), ness spectrun : p=98 (low intensity) irith base pe:i
et /e=83.

(®) =~ susFun51on of sodenide in 11quid avionia (150ml.) was prepared
fromn sodiun ?5 75g. ) in a flask fitted rith a Dry-Ice condenser ~nc
& gas-inlet tube. iethylacetylene 7as bubbled through the
vigorously stirred reaction mixture for 2 hours, and taen 1,2-
epoxypropenc (0.33 woles, 18z.) was added during 1 hour. "he flowr
of nmethylacetylene was continued Tor & further 2 hours.

[fter stirring for 24 hours, the reaction mixture was decomposed
by the addition of solid amzioniun chloride. Ether (100:i.) was
added and the ammonia was allowed to evapcrate. Sufficiz:n cilute,
aqueous hydrochloric acid was added to dissolve the solic¢ residae
and the resulting solution wos extracted with ether (2x1uCul.).

The etheresl extract was washed with saturated, agqueous ouiiun
bicarbonate solution (50ul.), and woser (50ul.), and the: dried
(7g50y,) «

Distillation gave the product (1k4.2g.; 88-90°/78:i.) which
was shown by vpe (4piezon L, 70°) to contain less than 0.5°/0
inpurity, oand which had ir,mar, and nass spectre identiceal to those

of the hex-L-yn-2-0l prepared above.



Preparation of {trons-Hex-4-en-2-0l.-  Hoex-h=yn-2-0l (0.1 moles, 9.8g.)
in anhydrous ether (10nl.) was added to & solution of sodiun (9.25.)
in cnhydrous liquid a::onie (L0Oml.), in & flask fitited rith a Dry-
Ice condenser protected from atiospheric uoisture by a drying-tuve
filled with caleiul oxide.

Lfter stirring for 2 hours, the rescuion :dxture weas decoupcsed
by the addition of solid am-oniun chloride (3Cr.), and the amuonia
was alleowed to evaporate. T residual =521t was extricted with
ether (3x501l.). The ethereal extiract was woshed rith dilute,
aqueous hydrochloric acid (2x25ul.), seturated, agueous, sodiui.
bicerbonate solution (25:1.), and water (25n1.), and then dried 'HMzSOL),
and concentrated by rotary evaporation.

Distillation gave the product (8.8g.; b.p. 66°/40ui1.) which
was pure by vpc analysis (Lpiezon L, 70°).  ‘The spectral properties
were os expected for the required product : ir (filn), siudler, but
not identical, to that of hex-h-yn-2-ol; mnzr (CC1y), $ 1.05 (d,BH,
J=15.8 Hz, methyl), 1.6L (m,consisting of a doublet, J=12,04z,
further split into two triplets, J=3.0Hsz,3d,CH30=C), 2.05 (m,2H,
nethylene), 3.38 (broad s,1H, which discppeared on sheking with D20,
01), 3.65 (m,1H,7(2)), and 5.40 (2,21, H(y) and H(s5)).

Preporation of cis-Hex-h-en-2-ol.-  lex-4-yn-2-ol (Lke9g. ) was

shaken in a hydrogen atuosphere with prehydrogenated Lind.ar's
palladiun catalyst (0.50g.) in pentane/cther (1:1; 50ml.) until
the uptake of hydrogen ceased. The upteke of hydrogen (95°/0 of
theoretical) required 8 hours.

After the catalyst had been rewoved by filtration thro.xa a
Celite pad, the product was obtained by distillation (3.95g.; Db.p.
719/531:.).  This was shown to be largely the gis-alcolcl, contamin-
ated by trans-hex-4-en-2-ol (7°/0) and hex-h-yn-2-ol (5°/0n) by
couperative vpe examination (Lpiexon L, 70°); mwr (CC14) § 1.1k
(3,34, J=15.7Hz, unethyl), 1.66 (s, 31, CHH3C=C), 2.10 (u,2H, vethylene),
2,95 (broed s,1i, which disappcared on shaking with D,;0,0i), 3.70
(n,1H, 3(2)), end 5.45 (m,27, H(),) end H(5)). The nnr spectrun
also contained smnll peaks correspontiig to protons iu trons-hex-L4—-en-

2-0l and hex=h-yn-2-o0l.
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Preperation of trans-1-(2-lethyleyclopropyl) propan~2-ol. - trons-
Hex=h~-en-2-01 (0.04 moles, 4.00g.), and 4n/Cu couple (0.08 moles,
5.24g.) in ether (50ul.) were stirred vigorously, under »itrogen,
while methylene iodide (0.06 :1oles, 16.08g.) was added slowly. After

refluxing for 1 hour, the reaction mixture was decoiiposed by the
addition of an excess of aqueous ammoniwn chloride solution and
extracted with ether (2x50ul.). The combined extracts were washed
with dilute, aqueous hydrochloric acid (50mlL.), seturated, aquecus,
sodiun bicarbonate solution (25ml.), and water (25:1i.), and dried
(14gS0y,) «

Distillation gave the product (2.95z.; b.p. 70-72°/301m.)
which was 92°/o0 pure (vpe; ‘piezon 1, 70°).

Purification by preparative vpc (Carbowax, 1003) oi' this crude
product gave uaterial which showed no iupurity on acnalytical vpe
examination ({piezon L, 700°).

The spectral properties of the purified .atericl were as
expected for trans-1-(2-iethyleyclopropyl) propen-2-ol : ir (fili),
3380 ™1 (b,s); wnr (cc1y), S 0.20 (i1, 4 cyclopropyl protons),
1.02 (4,37, J=4.81iz, nethyl attached to cyclopropane), 1.14 (4,3,
J=6.01z, nethyl o to CH0i), 1.34 (u,2H, nethylene), 3.7h (i3,4H.0H),
and 3.85 (broad s,17, which disappeared on shaking writh D20.0:);

nass spectrui, p=11lh.

Preparetion of trans~1—(2~ibthy1qycloprngy}) propoan-2-one. -~ trans—
1-(2-lethyleyclopropyl) propan-2-ol (0.02 noles, 2.25g.) in cther
(1011.) was stirred at roon temperature with 6N chromic acid (10.01:1.)
until vpe exaudination (ipiezon I, 70°) shoued no starting materiel
reained. “he seporcted ether layer and combined ether extracts
(2x1511.) were washed with saturcted, aqueous, sodiun bicarboncte
solution (15:1.), and water (15:1.), and dried (IBSO,).

Distillation gave the product (1.76g.; bep. 57°/35ui.) which
showred less than 10°/o iipurity on vpe ex::dnation (Lpiezon L, 70°).

Purificaticn by prevarative vpe (Carbowgax, 110%) gave traus-1-
(2-uethyleyclopropyl) propan-2-ons (1.2L4g.) which shoved no impurity
on analyticol vpe examination ( Apiezon L, '700)° The spectral properties
were in agreement with the proposed structure: ir (film), 1709 cm-i(vs);
nmr (0014); § 0.50 (m, 4 cyclopropyl protons), 1.05 (d, 3H, J= 5.6Hz,
‘methyl attached to cyclopropane), 2.05 (s, 3H, acetyl), and 2.20 ( 4, 2H,
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J = 6.6Hz, methylene) ; moss spectrum, p= 112, ond moin peaks at n/e =
97, 69, 58, 55, 45, and 41.

Treatment of trons-i-(2-liethylcyclopropyl)propen-2~one with Sodium

Methoxide in liethanol.- (a) trans-1i-(2-ifethylcyclopropyl)propan-2-one
(0.10g.) was odded to o 5% solution of sodium rethoxide in methanol (2.0ml.)

F

and the resulting solution was allowed te stand for 24 hours. Vpc
exomination (Apiezon I,70°, and Carbowax,60°) showed orly starting
material.,

The solution was diluted with water (5ml.) and extracted with pembtsue
(8x5ml.). The extract was woshed with woter (2x2ml.) and dried over
calcium chloride for 6 hours. The infrared spectrum of the produvct
obteined after removel of the pentane was identicol to that of trans-
1-(2-methylcyclopropyl)propan=2-one.,

(v) A solution of trans-1-(2-methylcyclopropyl)propan-2-one (0.10g.)
in a 10% solution of sodium methoxide in methanol (2.0ml.) was heated
in a sealed, thick-walled, Pyrex tube for 18 hours at 80°. The product,
isolated as above, had ir ond nmr spectra, and vpc retention tive
(Apiezon L, Carbowex, 600) identical to those of the starting material.

Deuteration of trans-1-(2-llethylcyclopropyl)propan-2-one with Sodium

lMethoxide in Methanol~[2H;\.- trans-1-(2-lethyleyclopropy ] )propan-2-one
(0.002 moles, 0.224g.) was treated with a 10% solution of sodium methoxide
in methanol—tzH;l (5.42g.) during 12 hours. The reaction mixture was
extracted with sodium-dried n~pentane (3x5ml.), and the ether=al extract
was dried over anhydrous calcium chloride,

Preparative vpe (100°, Corbowax column which hod been treated with
hexemethyldisilazane immediately prior to use) gave the product
(0.198g.) which showed no impurities on vpc examination (Apiezon L, 70°,
Carbowax, 60°). The spectral properties of the product showed that
deuteration had occurred: ir(film), 2200 cmﬂi(w); nmr(CClé), § 0.60
(m, 4 cyclopropyl protons ), ond 1.40 (4, 3H, J=5.6Hz, methyl ot 0(2)).
Calculation of the relative isotope abundonce from the mass spectrum showed
that the total deuterium exchange was 92.4% of five replaceacble hydrogens
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(theorciical, 95%). Phe distcibueion of deuterium wes
calculaved to be : Do, o; D1, 0.08k; Dy, O.77x; D3,
4e95%; Dy, 27.45%; Dk, 656,75k,

Treatment of traas-i-(2-lMeithyleycioprovyl) propan-2-one
with Sodsmide in licuid Ammonis. - JIrans-1-(2-Methylcyclo-
propyl) propan-2-one (0,002 moles, 0.224g,) wes sdded ko a
solution of sodsmide (0,001 moles, 0.039g.) in anhydrous s

ammonia (15ml.)? under nitrogen. The mecactlor mixuure was
stirred for 8 hours.

Solid smmonium chloride (0.005 moles, 0.27g., was addead
and the ammonia allowed to evaporate, The residusl sali
wos dissolved in waier (1,0ml,) and exitracied with e ther
(2x10mL. ). The ethereal extraeci was weoshed with dilute,
agueous hydrochloric acid (5ml.), and saturaied, aqueous
sodium bicarbonatc solution (2ml.), snd dried (1gSOi).

Vpe examination (Apiezon &, 70°, Carbowax, 590°) showed
only %rans-1-(2-methylecyclopropyl) propan-2-one., The
infrared spectrum of the product was identical %o thet of
the sterting materisl,

Prepsration of the p—TolgenggglnhonzlhxdrazongEéfwﬂgggg—Q—
one-Hexen-2-one (U.50g,) was sdded to p-toluenesulphonyl-
hydrazide (0.93g.) dissolved in s minimun of hot ethanol
containing one drop of conceniraued hydrochloric acid,

The mixwure was warmed for a few minutes and left to cool.
On dilution with water (10ml.) sn oil was ob%sined which
golidified on scratching, The crude produci wasé FECTySLa=-
llised from aqueous ethenol (50%) end dried over phospaorus
penitoxide %o give the pure product as white needles (1.28g.,
98%; mep. 73-75°): ir (nujol), 3210 (s) and 1640 om™ (m) ;
nmr (CDC13), O 0,80 (distorted triplet, 3H, Me), 1,00 - 1.50
(m,4H, CHoCHg), 1.72 (s,3H, MeC=N), 1.86 (s,1H, NH), 2.16
(v,2H,CH2, J=7.2Hz), 2.3S (s,3H, p-Me), 7.27 (d, 2 sromatic
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protons, J=5.0Hz), and 7.82 (d,2 aromatic protons, J=8,0Hz);
mass specirum, p=268 (low intensity) with base pesk at m/e=
113 (Found : C,57.97; H,7.21; N, 10.47, C4q3HooNO2S
requires C, 58,20; H, 7.u4b6; N, 10.i15%).

2,2-dimethylcyclopropane, -~ The product was obGained from

1-acetyl-2,2-dime thylcyclopropane (0,56g,) end p-toluenes-
ulphonylhydrazide (0.93ge), as described for hexan-2-one,

as white needles (1.34gs, U5e; mepe 116-118°) : ir (nujol),
3240 (s) and 1635 cm™' (m); nmr (CDC13), § 0.50 (m, 1
cyclopropyl proton), 0.56 (s,3H,Me), 1.02 (m,1 cyclopropyl
proton), 1,08 (s,3H,le), 1.20 (s,1H,NH), 1,28 (m, 1 cycloprop-
vl ordign’ )y, 1.82(s,3H,lieC=H), 2.u0 (s,3H, p-Me), 7.26

(a, farther splis without resolubion, 2 aromstic proions,
J=8.2Hz), snd 7.80 (d, furvher split without resolution,

2 aromavic protons, J=8,2Hz); mass spectrum, p=280 (low
intensity) with base peak at m/e=125,

Attempred Reduciion of the p-Toluenesulphonylhydrazone of
Hexan-2-one with Hithium _Cyonoborohydride. - (a) Lithium
cyanoborohydride monodioxanate 47 (0.06g,) was added %o
the hydrazone (D.,10g.) in methanol (4ml.). Afser leaving

at room Gemperasure for 24 hours, the reaction mixiure was
diluced with water (4ml,) and extracited with ether (3ximl.).
The combined exiracis were weshed with waser (iml,), and

dried (MgS0;), and concentrated, Infrered examination of

the crude product showed 1% %o be unchanged siaruing material,
(b) Hexan-2-one (0.05g,) was added Gto p-toluenesulphonyl-
hydrazide (0,093g.) dissolved in methanol (1.0ml.).

Anhydrous hydrochloric acid was added Go bring Ghe pH of the
solution %o 5.5 and then lichium cysnoborohydride monodi-
oxanate (0.0?g.) was added.j? After leaving at room temperaiure
for 24 hours, the reaciion mixture was diluted with water
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(2.5ml,) and extracced with esher (3ziuml,.). The combincd
extrects were washed with waver (2x2,5ml.), dried (MgSQy),
and conceniraied, Infrared examinsvion of whe crude
product showed it o be the p-toluenesulphonylhydrazone of
hexan~2-one,

Attempied Reduciion of the p-Toluenesulphonylhydrazone of
Hexan-2-one with Sodium Borohydride, - Sodium borohydride
(0.25g.) was added ©o the hydrazone (0.33g.) in methanol
(8ml.) at 0°, Afucr the initial evolution of gas had
ceased, Ghe reactlion mixture was left under nitrogen for one

hour at room teMPErature, The reaction mixsture was dilused
with water (10ml,), and extrscicd with ether (3x10ml.).
The combined etvher exiracis were washed with water (2x5ml.)
and concentrated by roitsry cvaporaiion, The product
obtained was dried over phosphorus pentoxide to give a pale
yellow solid (0.23g,). Infrared examinaition of &the product
showed 1t %o be unchanged sterting material,

The combined agueous rcsidues were washed wich
chloroform (3x10ml.). Tvaporaition of the chloroform
X trocts gave no residue,

Reduction of the p-~Lloluenesulphonylhydrazong of Hexan-2-one
wich Lithium Aluwninium Hydride., - The hydrazone (0.10g.)

in ether (1.0ml,) was added %o @ suspension of 1ithium
eluminium hydride (0,0i3g.) in ether (5ml.), under nitrogen.
After stirring for 2ii hours, UGhe reaciion mixture was
filtered and the solid residue was washed with ether (10ml,.)e.
The combined etheresl filtratcs were treated with a little
water and the white solld which separaited out was filtered
off, The filtrete was concenirated on the roisry evaporsior

%0 give a8 mobile oil. The..ir specuvrum of the product was

less complex than thai of the siariing maierial and showed

1

8 very broad absorption at 3400 cm ' and no absorpiion at
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1640 cm_1. However, the product obisined did not have

the ir specirsl cheracsoristics of the expected substituved
hydrazidc, i.¢, an ir specirum very similar %o that of

the hydrazone with two sharp absorpitions beiween 3200 and
3505 om™ 1,

"Th: reduction wes repeated adding o soluition of Ghe
hvdrasone (0,34g.) in ether (2.5ml.) to a suspension of
lithiwn eluminium hydride (0,095g.) in ether (40ml.),
under anltorogen. After stirring for 1 hour, the rcaciion
mixture was worked up as bcfore, The c¢thercal exiraci was
conccnirated on a rotary cvapolator %o give a white solid
(0.05g.). The ir specirum of the product was again less
complex than that of the starting material and showed a
very broad absorpiion at 3it00 em™ 1,

The rcsidues from the filtraiions were ircated with
woter and cxiracted wish methenol (410ml.,), followed by
ether (10ml,). The combincd exiracis were concentratcd by
roiary covaporation, %o givo, afier drying, a whitc solid
(0416gs)e The ir spccirum of this product was also less
complex than that of the sisriting material and showed a vory
broad absorption at 34900 cm71. None of the producits
obtaincd in either reduciion had identical ir specirs,

The e¢vher which was removed from the rocaciion productd
by rotary cvaporaition was shown by vpc c¢xamination
(Apiezon i, 45°; Carbowax, 50°) %o contain & small smount
of a pfoduct which was not pre¢sent in the solvent ether and
which had the same vpc characterisiics as commcercial n-
hexsane,

Aitempied Catalytle Reduction of thc p-Tolucnesulnhonyl-=
hydrazone of Hexan=-2-0nc. A, With Palladium on Charcoal.-
B, Wich Raney Iliickel. -

Ce. Wish Platinum on Charcoal. -
D. With Adom's Plasinum Caialyst in Ethaugl, -

-
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‘B. With Adam's Plaiinum Catolyst in Acetic Acide. -
F. ¥ith Adam's Plotinum Casalyss in Withanol Saturated

with Anhydrous Hydrogcn Chloridc. -
Cq With Adam's Platinum Catalyst in Acetic Anhydride. -

A£11 the attempicd rceduciions were unsuccessful,

Preopsration of N=-1-( trans-2-Mcthyleyelopropyl) efhyl~p-

toluenesulphonsmide, ~ A¢ucous sodium hydroxide solution

(40ml; 10%) and irans-1-scetyl—2-methylcyclopropane (i,0g.)
wore added %o hydroxylamine hydrochloride (10g.) dissolved
in water (QDml.)Jo7 The mixturc was heated under refluz

for 15 minutes, thon cooled, acidified with dilutc
hydrochloric acid, ond extrscted with cther (3x100ml.).

The ethereal solution was dried (MgSOn) and conccnirsted %o

a volume of approximstely 100ml,

The ethercal solution of the oxime was added o a
suspension of lithium sluminium hydride (7.00g.) in ether,
under niurogen.gl The resciion mixture was stirred for 1
hour, and was thon trcaicd cautiously with water, The
dense white solid which separated out was filtered off
and washed several times witch ether, The combined ethercal
filtrates were conccnirated on the rotary evaporator %o
give a pale yellow oil (1.90g.).

The product was Grecated during 12 hours with p-
toluenesulphonyl chloride (L.5g.) in redistilled pyridine
(40ml.) . °” The reaction mixture was poured into water
(25ml.) and the product was exiracted with ether (50ml.).
Removal of the ether by distillstion gave N-1-(irans-2-
me thylcyc lopropyl) ethyl-p-tolucnesulphonamidc as a thick
yellow oil (2.5g.) : ir (nujol), 3300 (s), and 1600 om™ ]
(s); nmr (CC1Q), g 1,00 (m, 4 cyclopropyl proions),
1,20 (d8,3H, J=6,5 Hz, cyclopropyl methyl), 4.54 (d,3H,

=5.5Hz, methyl), 1.60-1.85 (m,1H,CH), 2,40 (s,3H, aromatic
methyl), 7.24 (d, 2 aromatic protons, J=8,0Hz), and 7.68
(d, 2 aromatic protons, J=8.0Hz).
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The spectral data of the product were very similar to
those of N-cyclohexyl-p-tolucnesulphonsmide, prepsred I{iom
cyclohexylamine using the method above : ir (nujol), 3300
(s), and 15620 em™ ! (s); nmr (CC14), 6 2.40 (s,3H, aromatic
methyl), 7.20 (8, 2 aromatic profons, J=8.0Hz), and 7.7i
(d, 2 aromatic proions, J=8,0Hz).

Thin layer chromstography (silica, or alumina, in
chloroform) separated the cyclopropyl derivative into two
componenss, onc of which ( 10%) was immobile. The ofther
component was shown %o have an Rf valuc slmosi identical
to that of N-cyclohexyl=p-toluenesulphonamide,

Treasment of N-1-(trons-2-Methyleyclopropyl) ethyl-p- -¢79
)
toluenesulphonamide with Hydroxylamine-O-sulphonic Acid, -

The p-toluenesulphonamide (1.0g.) was dissolved in o hoi
solution of sodium hydroxide (11.0g.) in water (80ml,)
and ethanol (20ml.), contained in a R,B. flesk seci up for
dlstillavion. A ges iWrap, cooled in liguid nitrogen, was
connec tecd to the exit of The condenser, So0lid hydroxyl-
smine-O-gulphonic scid (20 eguivslenis, 8.9g.) wos added in
0.5g+ poriions during 20 minutes, and Ghe resuliing mixiure
was then distilled slowly for 1 hour, Mo produci was
observed on vpe exsmination (Apiezon 7.; Carbowax) of the
carbon teirachloride exiract of thce agueous distlllaic,
The contents of the gas trap were exiracited with cerbon
tctrachloride, Again no produci was observed on vpc
(Apiezon L; Carbowax) and infrared examination of the
gxtract,

The reaction was repeaied using the same c¢uantiiies of
rcactantis, The recaciion mixiturc was refluxed for 2 hours
before distillation, Again, no volatsile product was deiectied,

Titration of Lithium in Lidquid Ammonia., A, With 5=
Methylhexzan-2-one, - nLithium (0.03iig., 5.03 m.molos)




was dissolved in anhydrous liguid smmonia (10ml,) in a 3=
necked, R.B, flask fitsed wich a Dry-~Icc condenser and
protecied from atmospheric moisture by a calcium oxide
drying-tube, 5=liethylhezan~2-one was added slowly by
injection until the hlue colour of the ssirred soluiion
was just discharged. The weight of ketone requircd was
0.560g. (it,91 m.mole),

In threc further reduciions, 2.74 m.moles (0.01%5g.),
5.03 m.moles (0,03.g.), and 24,5 m.moles (0,170g.) of
lithium in ligquid ammonia (10ml,), reguired 2,84 m.moles
(0.32i4gs), 4a91 m.moles (0,560g,), end 26,0 m.moles (2.96g),
of H-methylhexan-2-one rcspeciively %o discharge the blue
colour of the licuid ammonia soluitilon.

In several ticrations of lithium in anhydrous liguid
ammonia, %he resciion mixture was allowed %o stusnd for
periods ranging from 1 minutec %o 1 hour afier titraition
beforc solid ammonium chloride was addcd,. In 8ll fthe
Gitrations, the mole ratio of lithium %o 5-methylhexan-2-
one was almost unity, but the ratio of 5-methylhexan-2-one
%o 5-methylhoxan-2-ol varied randomly from 1:1 to 1:2.

B. With 1-Aceiyl~2,2-~dimethylcyclopropane, = Using the
procedurc dcscribed in A, 1.73 m.moles (0.0125g,) of
lithium in liguid ammonia (10ml.) rocuircd 1.68 m.moles
(0.188g.) of thc keione.

C. With trens-1-Aceiyl-2-methylcyclopropane. - 2.1i
M.moles (0,21:8g.) of lithium required 2,14 m,moles (0.,210g.)
of the keionc, After the blue colour hsd becen discharged,
an excess of solid smmonium chloride was added, and the
roduction product was isolaicd and oxidiscd with 617 chromic
acid in the ususl manner, The ratvio of total rcarranged
product %o unchanged starting materisl was O.hl: 1.



=105~

D, Witvh Acesylcyclopropang, - In two reductions, 9.95
m.moles (0.069g.), end 5.48 m.moles (0,038g.,) of lithium
required 9.83 m.molos (0.825g.), and 5.4 m.moles (D.45ug,.)

respectively of tThe kuvonc.

In wtwo further reducitions in which the producit was
exsmined by vpc (Apiczon 1. and Carbowax), 5.10 m.moles
(0.035ig.), and .10 m.moles (0,375g.) of lithium reguired
5.2 memoles (D,u440g.), #nd 5,35 m.moles (0,450g.)
respectively of asceitylcyclopropanc, and the corresponding
ratvios of rearranged product %o unchanged sceityvlcyc lopropanc
were 0,97: 1, 8nd 0,90:1 Trespeciively,

In snother experiment, an c¢xcess of lithium was
back-titrated with 5-methylhexan-2-one, Aceiylcyclopropane
(0.160ge, 1491 m.moles) was added %o lishium (9,03L5g.,

4,97 m.moles) in anhydrous liguid smmonia (10ml,) snd tho
reguliing solution was stirred for 2 hours before the
excess of lishium was back-tiirsted with 5-methylhexan-2-
one (0,330g., 2.90 m.moles). The rstio of rearranged
product to unrcarranged productu Wes 4,0:1.

In two further reductions, an cxcess of lithium was
back~Giirated with 2,2,6,6-tciramethyleyclohexsnone (see E).
Acetylcyclopropanc (9.78 m.moles, 0.8206g,, snd 10,0 m.moles,
0.8717g.) was added to lithium (11.15 m.moles, 0,077ig.,
and 12,88 m.moles, 0.,0892g, respectively) in anhydrous
liguid ammonia (10ml.). The resulting solutions erc
stirred for 2 hours before the cxccss of lithium was bock=-
titroved with 0,85 m.moles (0.013g.), and 1.80 m.moles
(0.2756g.) respectively of 2,2,6,6-iciramethylecyclohexanonc,
The ratvios of resrranged product %o recovered aceitylecyclop-
ropane werc 1.04:1, and 1.,18:1 respcoctively.

E., With Non-linolisable Ketones. - 2,2,/l,4- Teiramcihyl-

pentan-3-one wa&s preparced by the meithod of Bartlett and
Schneider, from sodium, t -butyl chloride, and methyl
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pivalate. Preparative vpe (Cerbowax, 100°) gave pure 2,2,
i4,4=tctrame thylpentan-3-one : ir (film), 168 em™) (vs);
nmr (CC1,,), & 1.21 (8)s TIn two titrotions, 1.80 m.moles
end 2,15 m.moles of lichium reguired 0.61 m.moles and 0,74
m.moles respeccuively of 2,2,4,u-tciramethylpenian~3-one.,
2,2,6,6-etrame thylecyclohexanone was precpared by

refluxing & suspension of sodium hydride in a solution of
me thyl iodide and 2,2-dimcthylcyclohcxanone in dioxan.
Preparative vpe (Carbowax, 120°) gove pure 2,2,6,6-teira-
me thylcyclohexanone : ir (film), 1695 om™ (vs); nmr (CC1Q),

$ 1.06 (s, 12 protons from it methyl groups), and 1.569 (m,
6 cyclohexyl protons). Titration of a solution of lichium
(0.578 m.moles, 0,00i10g.) in liguid ammonia (10ml.)
requircd 0,570 m.moles (0.06878g.) of 2,2,6,6- Heiramethyl-
cyc lohexanonc,

Deuteration of 1-Acctyl-2,2-dimethylcyclopropsne, - 1=~

Acetyl-2,2-dime thyleyclopropane (1.12g., 0,01 moles) was

stirred for 12 hours, in a stopperecd flask, with 5.14 ml.

of a solution containing 0,06iiig. of sodium hydroxide-4d,

in 100 ml, of water—dg. The rcaction mixturc was exiracsted

with anhydrous ether (3x5ml,), and the product was obtained

by distilling ether from the dried, combincd exiracis,
Repetition of the above procedure geve matericl which

was purifiecd by prcparsiive vpe (1000; Carbowax column,

which had been trcated with hexemethyldisilazane immcciately

prior %o use) %o give product (9.95g.) which had& the

following spectral properiies; ir (film), 2260 om™] (w);

ame (CC1L), & 90.71 (d of d,1H, J=i1,0 and 8.0 Hz, Hs)

Grons %o acetyl),1.11 (m,1H, He5y cls to acetyl), 1.05

(s,3H, methyl ¢is %o acciyl), 1.17 (s,3H, methyl irsns to

acctyl), and 1,78 (d of 4, 1H, J=5,5 and 8,0Hz, H(1?;

The mass spocirum showed thati the dceutcrium exchangc was

299,0% of thrce replaceable hydrogens. The distxibution of
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of deuterium wss calculsted to be d,, 2.90%; ond dj, 9710k

29

Deuteration of Accuyleyclopropanc. - Acetiyleyc lopropsasne

(0.98g., 0.01 moles) was deutcraied using thc same
procedure es abova, T'he mass spectrum showed that the
total decuiterium exchange was 98,5: of three replaceable
hydrogens, The distribusion of deuterium was calculated
to be d,, 3.5x; and dz, 96, 5%

Py Wit N o~ e e L 3 e e e T

with Liguid Ammonia. = Douterated 1-Aceciyl-2,2~

dimethyleyclopronanc (9,%70g.) was stirred for 2 hours in
snhydrous liquid smuonis (10ml.). Solid smmonium chloride
(1g.) was sdded, followecd by enhydrous ether (10ml.).

Lfser the ommonisa had evaporated, the filucred solution

was conccenirstod snd Tthen purified by preparative vpe
(1000; Carbowax colunn, which had been ftreated with
hexamcthyldisilazanc immcdistely prior to use) %o give

vpe purc profuct (DJ.08g.). The mass spectrum of Ghis
product showed thce deuterium distribution to be dg, 24P}
and 63, 97150

Roduction of Deuveratcd Aceiyleyclopropanc with Liithium
in iguid Ammonis. - Deuterated acetylcyclopropane

(0.50g.) was addcd %o a so.ufion of lithium (0.20g.) in
liguid ammonia (59ml,) in %thc usual menncr, ‘‘hec solution
wos stirred for 2 hours end an excess of solid ammonium
chloridec was addecd quickly, followed by 'sodium-dricd’

ether (20ml.). Afver the ammoniao had evaporaied, the ethor
was sceparated and the residues were washed with anhydrous
ether (10ml.). The combincé ether exirecits wore
concentrated to a volume of spproximsestely 2 ml. The
reduction product wes shown by voe (Carbowax, 500) to be a
mixturc containing acctylcyclopropano(za%) and penton-2-0nc
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( 7000) with 2% of che corresponding alecohols. Purificascion
of the product by prepasraiive vpe (13003 Carbowax column,
which had been trcated with hexamethyldisilazance immediately
prior %o use) gave vpe purc acciylceyeclopropanc snd pentan-2-
one.

The mass specirum of The recovered acetylcyclopropanc
showed that the disitribution of dcuterium was do, Deligss
dy, 7eTh; and d,, 01.9%. Tho dissribution of deuisrium
in the pentan-2-one was 61; Dodlics dg, 6.8i; end 63, 92,4 55 e

Polarograpny in Liguid Ammonis, - Thc electrolysis ccll
£olarograpay in .

which was used in this invesiigsvion is shown in Figure 4,
p. 109 The coll was gradustcd so that the volume it
contained could be measured directly. A platinum wire
was secaled through the boitom of the cell so that the
mercury pool could be used as Gthe non-polarisablo clectrodae,
The dropping nercury elcctrode was positioned so thot when
the cell contained 15 ml, of mercury and 50 ml, of liguid
ammonia solution the whole of the capillary was immersed,
Anhydrous, oxygen-free ammonia was prepared using the

g7

pe 109 but becsuse of the volstility of the ketones being

drying sysucm of ILaltinen and Ifyman, shown in Figure 5,

studied, the actual drying procedure differed from that of
Laitinen and Nyman. Tubes B and 31 each conieined a small
picce of sodium meisl (1g.) in order to remove oxygen and
water from the ammonia, /ish %tep B closcd, the systom was
evacuated through %tap C, and, aftcr cooling tube B in s
Dry-Ice/cchenol bath, gascous emmonia was allowed o enfber
the system Gahroug: Gtap D. When spproximately 80 ml. had

been collected, the ammonia was distilled from %ube B to 31.
The cell was then flushed with anhydrous, oxygen-frce
nitrogen, the kctone ©o be clecirolyscd and the indifferent
electrolyse (0.,106g.) werc sdded and the cell was again
flushed with nitrogen. After twhai part of the drying fysicm
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Figure 4.~ Electrolysis cell for polarography in liquid ammonia.
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beoween A and & had been flushed with nitrogen, the ccll
was connectcd at A as shown, cooled in a Dry-Ice/ecthanol
bath, snd then evacuated through Gap C, Ammonis wag
distilled in%o the graduaved cell until the desired volume
(50ml. 2% -35.5°) hed been collectcd, ‘‘ep & was Ghen
closed and the ce¢ll was allowed Go stesnd for 1 hour in a
slush bath of 1,2-dichloro-ethane (m.p., -35.5°) %o ensure
that the indiffercni clecitrolyitc had rcached solubility
eguilibriuin,

The indifforent clecsirolyte, tetrabutylammonium iodide,
was obitained from B.D.H. and was dricd a% 1100, in vacuo,
prior %o usc. Because of the low solubility of tetrabuityl-
ammonium iodide in licuid ammonis (0,106g./50 ml., 8t -36°,
U 0057TM z 5%);7311 polarograms werc measured using a
seturoced solution of the sali,

The currenit flowing at a given potential of Ghe dropping
mercury clecirodec wass measured using a simple spoi-galvano-
me ter, This inscsrwncnt was calibrated by inscrting o
known re¢sistence in placo of thes elecitrolysis cell and
applying a known potential, The poitential of the dropping
mercury cleccorode melative to the mercury pool was scet with
a manusl polarograph, Polarogroms were run succcssively
until the observed half-wave poiential was constant
(generally taree runs were sufficient) before a final
polarogram was recorded,

Concrolled Poucntial Jilectrolysis in Licuid Ammonia., - The

cell shown in IFigure 6, p.lllt was used for all the

experimenis in this investigadion, A pletinum wire was
sealed through the bottom of both paris of the cell %o

provide slecirical contact with the ccll, A sintered glass
disc preoventcd mizxing of thoe soluvions in the two compartments
ond 8 stop-cock at the %op of the cell allowed cguilibration
of pressure beswcen both parts. The cathode compariment
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was fitted with a sesled-in dropping mercury clecirode
(reference clectrode) aud a stirrer o keep she surface of
the mercury pool cathode cloan,

The cell wasg sv¢ up as shown in the diasgram, with the
gide-arm of e@ach compartment filled with mercury o provide
an clectricel contacs with the plotinum wirce % the basc of
cach comperement, Mercury (15ml.) wes placed in the asnode
compartmeni, snd sufficicnt morcury was »ut into thc cathode
compaxitment o leave «s gap of about J.5 cm. beiween GThe
surface of the resulting mercury pool and the tip of the
fixcd, droppning mercury clecirode, Any mercury rcmaining
on cthe sides of the ccll was removed.

ihe supporting elecctrolyic, anhydrous calcium nitratc
(49.2g.), preparcd from thc AnslaR Geirohydratc by drying
at 1700,0 in vacug, wos put in a pressurc-cqualising
dropping-funncl fitited with a Dry-Icc condenscry and proicciod
from atmospheric moissure by & celcium oxide drying-tubc,
Anhydrous emmonia, prepared as on p.l0Q wss passed invo
the gradusted fuancl uatil A0 ml, of solucion had been
prcparcd, The drepping funnel and Dry-Icc condenscr were
then conncctcd to the electirolysis ccll so that the prepsred
ammonis solution could be run directly into thc snode
comparitmeint,

ATter a8 weighed cuocntity of the ‘ketimie o be eleciro-
lysed had been introductd into the cathode comparwment,
the cell was flushed with anhydrous nitvogen and then
surrounded by 8 slush bath of 1,2-dichloro-cthans (m,p.,
~35.5°). Afger several minutes, the prepared solution of
anhydrous calcium nitratc in licuid sumonia was added to the
anodc compeximent, The cethode compsriment Lilled through
the sinvercd glass disc, The cell was then leftc for 15
minuies to resch semperature ccuilibrium with the slush
bath, The pressurce-cgualising funncl and Dry-Ice condenscr
were removed .and replaced by a me:cury safety-valve,



<112

Stirring was commenced and curreni was passed using
the circuit shown in T'igute 7, p. |\ the potentisl of the
cathode relative to the dropping moercury reference elecirode
being maintained constant using the decade rcsistance box.

To isolate the product after elecirolysis, bonzene
(25ml,) was added %o the anode and cathodc comparimenis of
the cell and the ammonia was c¢vaporoted, Thc combincd
residues were dissolved in water and exiracued with boengene
(25ml.). The product could then be cexamined by analyticel
vpe or isolated by conccnsration of the benzene exiract.

The resulis of thrce cxperiments with aceiylcyclopropane
are shown below.

a) Acciyleyclopropane (0,210g.) was elecirolysed for
20 hours, as described above, the voltage of fthe mercury
pool cathode bcing kept at approximaiely -1.7L volis relaiive
to the refcrencc cleciorode. The initial curreni passing
through the ccll was 37 mA, whilc the final current was 12 mA,

Vpce examination (Carbowax, and Apiczon L) of thc benzene
gxiract showed only acetylcyclopropane end pentan-2-cne {5%).
Bvaporation of thc cxiract gave no rcesiduo,

b) Acetyleyclopropanc (0.300g.), with decane (0,200g.)
as an internal vpe standard, was clecirolyscd for 32 hours.
The voltage of the cathode was mainteined at -1.80 volis,
and the initial and final curreni through the cell was
30 mA end 24 mA respeciively.

Vpe exominavion (Carbowax, and Apiezon L) of the
bonzene extraci showed that 20;: of the svariting acetylcyclo-
propeane was recovercd unchenged slong with some product
pentan-2-one. The ratio of rccovercd acetylcyclopropsnc
to pentan-2-onc was 5:1,

iivaporation of thc extract gave a brown residue
which showed no hydroxyl absorption in the infrarecd., The
nmr spectrum showed a largce sbsorpiion at S 7.26 with smaller,
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broad absorptions at 5 0408, 1,20, 2nd 1.60. Thin-layer
chromatography of this residuc showed no mobile fraciions.

¢) Aceiylcyclopropane (9.100g.), with decane (0.100g.)
as an internal vpe standard, was electrolysed for 24 hours,
The voltage of the cathode was maintained a8t -1.69 volis,

and the initial and final current through the cell was
18 and 5 mA rcspectively,

Vpc examination of the benzene cxiract showed thai
i45% of the starting acetyleyclopropsne was recovered
unchanged along with producit pentan-2-one, The ratio of
recovered aceuylcyclopropsne o penton-2-one was 3:2,

wvaporcition of the extraci gave no residuce
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Figure 6.~ Cell used for controlled potential electrolysis in liquid

ammonia.
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APPENDIX,

Reduction of 1-Acetyl-2,2~dimethylcyclopropene with

Lithium in Liquid Ammonia -(Mcthod 4).

w__,;. of Li(g) Wo. of () |Vol of Lide i of(ag)  (5E)| %(sk) | Docono Iniogral (1) | 5
H i NH3 (ml,) | m Before After &mww By
“ _ Reduction|Reduction
0,11 (0.,0158 | 9.25 (0,00 25 | 26,4 | 59.0 2,214 {0,447
: moles) | 223 moles; : .
10,11 0.95 25 | 12,2,27,8 ! 60,0 | 2,160,463
i 0.2 25 25.6 | 53.2 | 2,478:1 | 1.820:1 | 2.05!0.i88
0.22 (0.0397 1 0.25 25 u.u“_mo.._ 66.6 | 2,220,045
| moles) | ﬁ m _ w
0.66 (0.0952 i .50 (0.00 50 4.2:30.6 | 65.2 | 2,280:1 2.150:1 | 2,140,467
moles) m L46 moles) ! | _ |
o]

| e

- ——
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Table 2

Reduction of 1-Acetyl-2,2-dimethycyclopropanc with Lithium in Liguid Ammonia -_(Method B).

s Li(g) Molarity ﬁ@y %(55) _ mimlb { Decone Infegrol mE _ (35) _
D or i | W | " Bofore  Atier | (39 SR
m " .” Reduction|{Reduction
0.045 | 0,179 1.9 1 31.1 | 67.0 |  2.924:1 | 2.865:14 2,17 | 0.u61
0.060 | 0,173 40.4 1 18.9 | 40,7 3.232:1 | 2.890:1 | 2,20 | 0.u455
0.096 04277 .3 4 274 61.6 243751 2,042;:1 2.28 ! 0.436
| 0.132 0.381 10,43 ) 8640 | 64.B 3.500:1 | 3.40321 2.1 | o.415
| 0,133 0,363 ! 43,0 | 25.8 | 61.2 - . 2.37 | 0.i22
0.222 0.63¢ | 13.6 | 23.5 | 62,9 | 3.320:1 | 3.150:1 | 2,67 ' 0,375
0,300 0, 86i4 13.7 § 22.4 ! 63,9 = i 5,87 0.348
2.482 1.388 8.1 | 20.6 | 71.3 3.090:1 | 2.523:1 | 3.46 | 0.289 |
0,500 1,02 43,2 | 13.0 | 43,8 - - 3.39 | 0.295
0.582 1.677 | 28,2 | 16.1 | 55.7 « 3.48 | 0,288 |
0.705 2,012 | 16.i4 | 16,6 | 67,0 34115:1 | 3,€00:1 iy, 02 0.249 |
0.715 2,061 17.6 | 1747 | 6,7 | = - 3.65 | 0,274 |
0.880 2,557 | 28,0 | 13.1 | 58,9 1| 2,775:1 | 2.430:1 | h.is9 | 0,223 |
0.880 | 2.537 | 22.2 16,4 | 61 | - - | 3.7 m 0.267 |
“ _ i e ak i h ; m !
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Table 3

Reduction of 1-Acetyl-¢,2~dimcthyleyclopropane with Lithium in Liquid Ammonis (500ml.)-

(Me thod B).

s, Li(g) | Molarity | %(2b) ; %G5 1% GO _ ~_Decane Intogrel (50 (55)
of Ti Beforc After 5S) (5L
Reduction|Reduction
0.05 04 014 %1 | 21.6] 38.7 o 2593511 1.200 0.83u
0.05 0. 01444 37.2 | 27.7 } 35.1 %154 ko, B 1.260 0,794
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Table L

Reduction of 1-Aceiyl-2,2~-dimethylcyclopropone with Borium in Liguid Ammonia -

(Method B).

Wt., of Ba(g)| Iliolarity m@l@ % (55) | % (54) Decanc Integrel AME (s5)
| of Bs _" | Before | After @ g
Reduction| Reduciion

1.40 2,102 57«1 18.2 | 26,7 3.29:1 3.18:1 1,633 | 0.612
155 0,113 3248 2.8 I 43,6 2,50:1 2,28:1 1.800 | 0.555:
2.02 0.147 3%.8 23,8 | Uouh 33841 3.19:1 1.794 | 0,557
2.50 C.162 21.8 27.4 | 50,8 3.05:1 2.89:1 1.856 § 0.539
2.50 0,182 B2 23,7 1 B3 3.61:1 3,30:1 1,830 | 0,546
3.00 0.219 27.8 | 25,9 | 46,3 2 2051 248931 1.770 | 0,565




Table »

Reduction of 1-Acetyl-2,2-dincthylecyclopropanc with Sodium in Licuid Ammonia-

H

mﬂﬁ. of Na(g) | Molarity w&N@ 94(55) _ % (Sl Decanc Intogrel WEN (55) M
of Ne Before After (55) (5L
ReductionReduction
0.25 0.217 33.4 | 18,9 477 1.81:1 2.46:1 2.52 | 0,397
: 0.35 2,303 71 | 20,6 7243 3.0h4:1 34,9221 3450 | 0.286
= 0.140 0. 3016 12.1 | 25.4 62.5 3.6031 | 2,98:1 2,46 | 0.6
_ 0.50 0,133 11,0 | 25,2 63.8 2,201 2.26:1 2.54 | 0.394
0.67 U. 580 7.8 | 28,7 63.5 - - 2,22 | 0,449
0.68 0.569 93 | 235s7 67,0 3.38:1 2,511 2.83 | 0,354
0.80 U.693 6.9 | 26,7 66.4 - - 2,48 | 0,403
1.00 0,866 14,5 | 23,0 62.5 2.10:1 1.86:1 2.72 | 0.368
1.0 5 0.999 54 2545 69.4 147321 1.69:1 2.72 | 0,368
1,10 0.952 5.7 | 24.8 69,5 - - 2,80 | 0.358
T ii5 1.256 Ts4 | 23.6 69.0 2,26:1 17631 2.93 | 0.342
4.5 72 1.490 17.2 | 39.7 L341 L6231 3,66:1 2.52 | 0.397
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Table 6

Reduction of 1-Acetyl-2,2-dimcthylcyclopropsne _in the Prescnce of Teira-

ethylemmonium Cotions.

Motel |Wi. of Motel |Wb, cf mehnci| %[20) | %(59 %(5k) | Decone Integral |(5) |(L Volug
(g) (g.) | Before | After IG5} 59 for
Reduction| Reduction| Reduc sion
Without
. Et4NCL
Ba 1.45 3.60 6.8 | 21,2 | 32,0 2,36:1 2,99:1 1.49 | 1,63
Ba 2,00 L,90 31.9 29.L 58a 7 2,561:1 2.54:1 1.32 1.79
Ba 2.59 6.10 | 90.4 h,2 5.4 Bl 531 3.08:1 1,27 |1.84L
Li 0.140 19,00 | 39,4 {23.3 | 37.3 - - 1.60 | 3.\6
Li 0.490 10,00 7645 78 | 15.6 - 2,00 | 3.\b
Li 0.18 450 4O, 7 24,0 | 35.3 3.05:1 2.1t 1147 12 5k
Na 1.00 7.40 | 33.4 [17.3 | 49,3 2.86:1 | 2,37:1 |2.84 | 2,72
_ “
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Table 7

Reduciion of 1-Acciyl-2,2-dimcthylcyclopropane with Lithium/Lithium Iodide Mixturcs in

Licuid Ammoais,

Wi, of Lithiam |Wh. of LAiT |Molority | %(2b) | %(55) %(5k) | Decenc Integrel | (S4) (59 ”m@i.i“

Metal (g (g.) Li+(tota) i Before Affor (35 (W .@Mmod w

m | Rgduction{ Reduction %wmwwsj

0,20 2.12 0.893 23,11 20,21 56.7 : 2,80 | 04357 2.58 _
0,290 3.30 1,075 38.4 1 15.5 | 6.1 342931 3e1L2:1 [ 2.97 | 0,337 2.58
0.20 6.65 14567 36.5] 1471 48.8 3.31 | 0,320 2,58
0.20 6.70 1576 17.8 | 18,2 | 64,0 3.,04:1 2.89:1 |3.51 {0,285} 2,58
0.20 Tad2 1.729 40,1 | 13.1 | 46,8 3.60:1 5435631 3.58 {0,279 2.58
0,20 9.9u 2,061 37.7113.8 | 48.5 3.50 10,286 2,58
0.20 12,55 2.450 36.8 1 13.9 | 49.3 3,504 |0.282| 2,58
0.20 i3.39 2.576 10,1 { 21.9 | 68,0 2,81:1 2,69:1 |3.10 {0.322| 2,58
0.20 13.39 2,576 15.5 | 18,9 | 65,6 3.48 0,288} 2,58
0.290 13439 2,576 12.6 | 17.9 | 69.5 2.91:1 2.57:1 |3.89 | 0,257 2,58
0,20 13.39 2.576 b6 119,51 164 1,843:1 1.70:1 | 4.16 | 0.240{ 2.58

M o




Table 8

Reduction of 1-Acctyl-2,2-dimcthylcyclopropone with Lithium / Lithium Iodide Mixtures in

Liguid Ammonia,

A

G —

%, of Lithium |W&,of T4T |Molarity | %(20)| %(55 | #(BL | Decane Integral Gu |3 |88 |
' Metal (g.) (g.) _ﬁH+H#¥Po "Before After AMMU NMMM Nwmﬁﬂ

Reduction: Reduction %Mwwwsq

. m
0,050 1493 0,433 49,7 1 16,4 | 33,9 207 10,483 | 2.17
| 9.050 3.86 0,720 66.6 1 10.3 | 23.14 2,561 2447:1 2,23 | 0,449 2,17
| 0,100 6.70 1,288 361 1 15,2 48,7 3+3231 3423:1 {3.21 |0,312} 2,30
{0,210 s OU 1,292 5.6 | 22,2 | 72.2 1.85:1 2.21:1 |3.25 |0.308] 2.70
0,150 7.90 1,609 B5if} 85.3 1 V1.2 2,040 ,1 2,19:1 [3.07 | 0,326} 2.uL
0.3u8 0.66 14101 3.8 1 23,1 | 73.1 2,10:1 2,02:1 | 3,18 | 0.31is| 3.00
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Table 9

Reduction of trans-1-Acetyl-2-methylcyclopropane with Lithium
in Liguid Ammounia -~ (Mothod B).

We. of Molarity !?’o@ﬂ %(56) 1 % (57) | __Decono Int‘egz:’dl J) (50

L1 (g)| of Li | :_ﬁpfopé_EAfter |Gy | &)

{ ; Reduc tionjReduciion

10,413 | 0.326 | 27.1 3.1 169.8 | 1.70:1 i 1.67:1 |22,5| 0,045

0. 211 . 0,618 | 10,6 | 3.9 | 85.5 | 2.55:1 2.80:1  121.9i 0.0L57

0,313 | 0.889 Yigely | 0a2 | 81 ! 11,8421 2,02:1 [19.3] 040518

0,315 | 0,909 {1041 {3.7186,2 | 2,32:1 2.34:1 (23,2} 0.0431

0.473 | 1,372 | 10,3 | 4,0 | 85.7 | 1.97:1 | 2.4k:1 | 21,6]0.0L63

0,600 | 1.730 9.7 | 3.7 | 86,6 | 2,06:1 | 1.87:1 [23,2|0,0u31
| : | ; |

Table 10

Reducition of cis=1-Acciyl=-2-methylcyclopropane (0,25g.) with

Lithium in Liguid Ammonisa - (Method B).

Wi, of | Molority 5—5@ I%{S_(—,) %(5_7)i1)ecane Integral (59 57)
iLi (g) | of Li | ‘Before 1htter 1 (3J) | (&Y
i Reduction| Reduction

!0.060 0s173 19.3 {6947 |11¢0 | 3.08:1 | 2,83:1 [6,32 | 0,158
0,160 | 0,461 8.7[81.9! 9.4 | 3.42:1 | 3,27:1 18,80 | 0,114
10,230 | 0,66l 15,04 173,6 [11.0 | 3.08:1 | 2.81:1 (6,72 | 0,149
0.300 | 0,866 9.9!81.,1| 8,9 | 3,L2:1 | 3,231 19,02 | 0,114
01400 | 1.153 8.4181.81 9.8 | 3.42:1 | 3.20:1 (8,35 | 0,120
0,600 | 1,730 15170 11«8 | F.4251 2,Lh6:1 6.69 | 0,150
0,620 % 1.788 113.5 76,0 10,5 | 3.08:1 | 2,i9:1 |7.24 | 0,138
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| R

Regaction of 1-Acetyl=-2,2-dimcthylcyclopropone with Di-t-

butyl Peroxide and Butan-2-01.

o

76, of DIBP (g) | %(20) |% 69 |% (s) | @ | (3
A ST A STTN
|
- E
0.113 72,8 | 0,7 26,5 | L5 0,022
0.225 62,3 | 1.0 ;36.7 E 36 0.028
0,450 5349 1 141 5.0 ; i1 0.024 |
Table 12

Reaciion of frans-1-Acetyl-2-methylceyclopropone with Di-t-

butyl Peroxide and Buitan-2-09l.

s, of %(a} %(51,) %(i?) Decane Integral _(5_l)__ _@

DTBP (g) Boforec {Aftor - (S8 |(57)
Reaction| Reaciion

0.113 86.7 | 11.0 | 2.3 |0.687:1 | 0.653:1 |o0.212| 4,72

0.225 Tha6 | 20,8 | 4,7 }0,687:1 | 0.615i1 0.225 | L Ly

0,450 76.5 | 19.1 Le3 (0.687:1 | 0,600:1 0,225 | L, bij




Table 13
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Reaciion of cis-1-Acetyl-2-methyleyclopropans with Di-&-

butyl Pceroxide and Butan-2-o0l.

Wi, of % Q3) | %(3b)| % (_5_7) Decane Integral D | @&D
DTBP (&) Before |Aftcr (5 (5_:7)
Reactioni Reaction
0.113 89,5 9.5 1.0 2,08:1 1.80:1 04111 8,98
0.225 83,6 14,8 4.0 2,08:1 1.78:1 0.109! 9,20
D.i150 8145 16,5 2.0 2.08:1 1: 18 i 0,124 8,04
i
Table ?g

Reaction of 1—(2,2—dimethylcyclo_propyl) ethanol (0.50g,) with

Di~-t-busyl Peroxide.

Wt, of %(].Q %(_513) % @) Decane Integral Y @
DTBP (g) Before (After (S5) (28
|_ ReactionjReaction
0.05 90,5 D44 941 | 0.845:1 0.798:1 | 20,9 10,0478
0.15 85.6 | 0.6 | 13.8 : 0.845:1 | 0.759:1 | 22,9 |0.0436
0,50 Thed P 2%e5H g 0.845:1 0.705:1 | 1845 10,0540
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Table 15

Reaction of trans-1-(2-methylcyclovnropyl) ethanosl (0,25g.) with
Di-t-butyl Peroxidc.

Wt. of %(E) %(5b) | % (57)| Decenc Integral ST (S_E_a)
DTBP (g) Bofore |After Gy | B

Roactioni Reaciion

T

0,025 62.2 | 29,1 Bl 2,841 | 2441431 0,299 3.34
0.075 U143 | 45,0 | 13.7 | 2.84:1 11.91:1 0.308 | 3.2i
0.250 8,7 | 6547 | 8546 | 2.84¥1 | 142681 04391 | 2455

! k
Table 16

Reaciion of cis-1-(2-methylevelopropyl) ethonol (0,125g.)
with Di-t-butyl Poroxide,

5. of % UQ % (ﬁ % Lﬂ) Decane Infegrol (‘5_7)_ (5_5_9
DTEP (g) Before |After G &Y

ReactionjReaction

0.013 100 - - el 13,7549 - -
0,038 87.5 11 .1 1.4 3,801 (3.62:1 0.1244 18,05
0.125 81,5 159 1.6 3.84:1 | 3.58:1 0.118]8.50
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APPENDIX

he reductive cleavage of conjugated cyclopropyl ketones with
metals in liquid ammonia is, overall, a two electron reduction. In
the present work, it was assumed that rearrangement could, theoretically,
occur via (a), a radical-anion species, after the addition of one
electron to the carbonyl group, or (b), a dianion species, generated
by the addition of two electrons to the carbonyl group (see p.7). It
was assumed that rearrangement and protonation in the reduction were
separate steps and that the radical-anion intermediates of general itype
(20) and (21), and the carbanion intermediates of general type (23)
and (24), were discrete reaction intermediates. However, it has since
been pointed out111 that rearrangement and addition of hydrogen could
occur concomitantly.

After the addition of two electrons to a conjugated ketone of the

general type (17), rearrangement could be viewed as

. )
“ >A/\ SRRy R1: AL
32 ; R 4
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and, after the addition of one electron to a conjugated ketone of the

sencral type (17), rearrangement could be viewed as
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E.S.R. evidence indicates that in the semidione (114), preparad112
by spontanecous disproportionation of methyl cyclopropyl acyloin in

dimethylsulphoxide solution containing potagsium t-butoxide,
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(112)
> - e - . L3 2 113 “ L i
in cyclopropylcarbinyl radicals such ag product (115),

CH,
| = CHCH

- 2
Ch2

(115)

and in free-radicals from alkylcyclopropanes1143 there is some
odd-electron density on the @ hydrogen atom of the cyclopropane
ring.

This can be interpretated as meariing that there is some resonance

between the cyclopropyl and open-chain form of these radicals.

GH2‘ ] CI-12

| ®">CH~CHR <— | CH=CHR
e =3

GH2 CH2

Concomitant rearrangement and hydrogen addition in the reduction -
of ketone (17) would lead to the production of amino radicals, and
hence hydrazine. The presence of small amounts of hydrazine in the
reaction product from the titration of a goluvion of lithium in
liquid ammonia was demonstrated after this work was completed.

T concomitant rearrangement and hydrogen addition occurred in

the reduction of substituted acetyleyclopropanes, the products observed



might not be those expected on grounds of radical or carbanion
stability alone because of the possibility of a steric effect
between substituents on the cyclopropane ring and the ammonia

molecule which is taking part in the reduction.
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