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TTR0CUCTION

Anong the saturated cyclie hyZrocarbons, eyclopropane represants
the most unusual as w2ll as the smallest ring. In fact, the cyclopropane
ring behaves chemically and physically more like an olefinic double bond
than liks the largor saturated rings (1). Physical measurenments,
espacially spectral data, have supplied much siznificant information cone
carning tha unsaturated character of cyeclopropyl compouncs, Ultraviolst
abgorption spectra siiow that there 1s con'ugation betwsen a cyclopropane
ring and an ad‘acent double bond (2-4). The bathochronmic shift is less,
however, .in the cyclopropyl conugated systoms than in unsaturated ones,
Recently it was demonstrated that a chain of conjugation is probably not
transmitted through a cyclopropana ring (5). Infrared spectra, mainly
of ocyclopropyl ketones, also incicate that the conjugative effect of the
cyclopropyl group is less pronounced than that of an ethiylonie bond (%).
In addition it 'is significant that cyclopropyl compounds exhibit Ceif
stretching froquencies et 3010 cm.l and 3090 cm’l, since olefins also
absorb in this region (5,7). Other physical measuremonts such as
molscular refraction (5), cipols moment (3), and electron ¢iffraction (9)
have also supplied important cata relating to the m =bonded character of
the eyclopropane ring.
| Typioal‘ of the reactions wiich occur with cyclopropane paralleling
thoss of tae élofinic cdouble bond is the adcdition of hydrogan halidss
to form n-alkyl halides (10). Sinilarly,
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/0 e e — C11, ~Cllg=CTl g =B
CHg — Cllg
organis acids in the presence of boron trifluoride produce n=propyl
estars (11). Indeed Markownikoff's rule is obeyed, since in the addition
of & hydrogen halide to an alkyl substituted cyclopropans one obtains
prodoninantly product in which the halogan 1s bound to the carbon atom
holding the largest mber of aligl groups and the hydrogen has added to
the least substituted carbon (12). This is 1llustrated in the following
examples
c | Cily CHs
) CH<CH; ¢ FDr = Br = C = CH = CH,

cH, \cu/ Ci,
‘s

The studies of Kohlar and Conant (12) have also shown that a system cone
sisting of a three-membered ring attached to a carbonyl group is similar
to ¢,B-un_nhn'atod carbonyl compounds. Thus eyclopropanscarboxylic acid
adds hydrogen bromide as shoun,

Cilg = /CH « CO0T ¢  Hely === Br«Clg«Clg=~CHg«COOH
AN

CHg

Cyclcpropano also adds hydrogen, bronine and iodine in a manner
lnalogoul.to ‘olaﬁ.nio compounds, Nance the ring may be hydrogenated to
propane (13) and the additicn of bromine or iodins ylelds the corresponde
ing 1,3«dihalogenopropane (14). Chlorine reacts mainly by substitution
to farm eyelopropyl chloride (15). Cyclopropans also forms molecular or
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charge«tranafer complaxes in a mamnor similar to ethylene, Thus cycloe
propane formé oomplaxes with platinmum II (15), tetranitromothane (17)
and iodine (18).

The most striking chemical difference between cyclopropane and the
olafinic double bond i3 the resistance of cyclopropane toward oxidizing
agents, Osonolysis of vinylcyclopropane ylelds cyclopropanecarboxaldehyde
and formaldehyde (19), and with cold aqueous potassium permanganate (20)
vinylayslopropans is exidised to cyclopropyle=l,2eethanediol.

OH OH CHy

A q Clig
| CHaCHeCHy <520 | *cuCHaCH, 23e ozonide —he | CHCHO
CRy cry Ciig

+ C0

The Friedel Crafts reaction of acyl halides with olefins to give
wsaturated ketones and/or f-haloketonas has been discussed in detail by
Thoms (21). The products cbtained from this reaction are those which
would be predicted on the basis that the adding mpsmn-z-om c1.

0 0 0
1] \ 1]
ReGCl ¢ RICHaCHq wmseeetp RCeClig=CHIC1eR? ¢ ReCeCHsCH-R!

The analogous reaction of acetyl chloride with cyclopropane was
reported by Krapivin (22) to ylold a ketone, CgHg0, which was not
characterised further. More recently, in an attempt to prepare a serios
of Y-c}ﬁmpropyl ketones, Hart and Curtis (23,24) treated a chloroform
solution of tie 11l complax of an acid chloride and alumimum chloride
with avslepropens., The reaction was found to proceed smoothly at
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temperatures from 0% to 0° to furnish 50-3073 ylelds of chloroketones,
Instead of obiaining the dosi-sd ¥ =chloropropylketonss as the sole
products, however, there were also cvtalned, as the predominant products,

the unexpectsd fechloroisopropyl ketonas,

0 g, O | o cony
".C-Cl L ] C‘{.—-CF' m-‘ RC-C",-CH, :L.ﬁl + RC ﬂ'{ﬂd.ﬁl

The only othar refsrence to a Friadel=Crafts type of reaction betwean
oyolopropane and & halogen=containing compound is a patant issued to
Simons (10) in which he disclosed the resction of cyclopropane with alkyl
halides in the presance of aluminum chlorides no exparimental detail or
indication of the mature of the product wms given,

Itu&ewdmmtmuﬁ@mwmmwm
of the acylation and alkylation of cyclopropans. In particular, the
inflnence of selaected substituents in the cyclopropans ring and in the
acylating or alkylating agent in determining the course of the reaction
ws ommined, It ws hopad that in this wy (for exaxmple, by studying
the direction of ring-opeming of a substituted cyclopropans) seme clmes
would be obtained to the mechanisa of the wmsual rearrangmment dise
covered by Curtis (2L).
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ST
I, Exparinants Dealing with the Moclhunism of the Reaction

A. The Roaction of Acetyl Chlorice with Cyclonronane

" The following reaction wzs carried cut according to the procecure
doscribad by Curtis (24), This exparimmt wns rerscied severzl tines in
ordar to dotermine the averags yleld, In a two=litor tires-nacked flask,
equipped with an addition fumsl, thermometer, bloweout menomster ind
Trubore stirrer, thore was placed 133 g. (1 mole) of alunirmm chloride
and 1000 ml, of chloroform. The mixture was coolad to 0«5° in an ice
bath, ﬂ 8 g (1 mole) of acetyl chloride ws addad curing fifteen
mimites, The mixture wus stirred until all of the alumirmmn chloride
dissolved, The addition funnol wms ronlaced with a fritted«tip gs
delivery tube and 45 g. (1.1 moles) of cyrlonropane was slowly passx
into the solution at such a rats that the pressure in the reaction voszesl
remained below 800 wu, meraury and the tomperature remained below 20°,
After all of ﬁho oyclopropane had been added the solution wes siirred
for one hour, then poured into a mixture of 750 g. of crecked ice and
150 ml, of oonq@tntod hydrochloric acid, The chloroform laysr was
mm, ‘ulhod once with 500 ml. of watar, once with 500 ml. of 1C7
sodiun bicarbonate, and again wi*h 500 ml. of wuter, The chlerofornm
solution was then dried over calciua chloride at 0°. The solvent wms
W 4n yaguo, the pot teuparature being kept below Lo°, There was
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cbtalned 30-33 g, (25-237) of S=chloro-2-pentancne b.p.gs £5-750, 1o
1.13%5-1.137% (11t values, b.p.aa 70-72" ng° 1U371 (2L)). Tae
material collaected in the dry ice trap in the preceding distillation
ws drisd over potassium carbonate. Cna gram of hydroquinone was addsd
and thare wms distilled 25<27 g. (31=33%) of 3-mothyl-3-buten-2-one,
Bupes ggq, 95-100% n20 14225 (11t values, b.peyeo 95 n2> 1.4229
(24)).

B. Acetyl Chlerids and R ide wi «C X’
Thirty grams (0.25 mole) of S-chloro-2-pentanone was added to a

chlsroform solution containing 78 g. (1 mole) of acetyl chloride and
67 go (1 »0le) of alumimm chloride prepared as desoribed in the procede
ing experinant, The solntion was stirred for one hour at 0-10° and
werked up as previcusly described, After removal of the chloroform
solvent there was recovered 2 g. (80%) of Sechloroel-pentanons, b.p.as
6812°, Wo 3emethyle3-buten-2-one was obtained,
‘R&.ction of Acotyl Chloride with _c:zcloprozﬁna in ths Presence
ded 6«C ant.inong

" The acylation was carried out exactly as previously dsscribed,
except that 45 g. (0.38 mole) or 38 g. (0.31 mole) of Sechlore-le
pentanone ws added just prior to passing in the eyolopropans. There
ws obtained 2427 g, (31-337) of Jemetiyl-3-buten-200e, B.Pes 4,
96+200"; The tetal amount of S-chloro-2-pentanons cbtained was 70 g.
in the first experiment and 56 g. in the sacond, Assuming an 80% .
resvary of the added Sechloros2-pentanone, ihe ylelds of this compound
were 33 g. and 25 g. respectively.

C.







II. Tha Acylation of Subziltutad Cyclopropanas

A, Acatrlation of 1,leDimethrieyelommonane

1. 1,1=-Ddmstyleycloraropane

a. «Mmethyled 3-oroncnaii-)
i

BOCHg = Cilg0d
Cra

Tals compound wes praparsed by the procadure dascribed by Whitmore
&5 g1, (25) as modified by Shortridge et sl. (25).

In a three~liter flask fittod with a rellux coudensor, stirrer and
a one~litar dropping funnsl, thore wes placed a solution of 150 g.
(3;5 moles) of sodium hydroxice in 750 ml. of 95% ethanol. 4 soluiion
was prepared froa 500 ml. of 304 formuldehyds, 100 g. (2.5 molas) of
isobutyraldehyde, and enouih ethanol to give a homoganeous svlution,.
The latter nlﬁtio;x was added dropwise to the ethanolic alkali wiih
stirring, T};e solution was sarued to reflux for 24 hours and them warmed
on & stear bath, at watxr espirator ;ressure cof about 20 mi. of mercury,
to ranmro the ‘.Louar boiling corponanis, The resicus w3 etizciad with
eight 150=-ml, portions of ethar, t1.9 ether exiracts combined and alter
removal o;f solvant there was distilled L5 g. (5567) of 2,2-dimethyle=l,3=
mpnedil.ol,-b.p;z ata. 180-200° (11t velue, b;p.,co 26c°), In several
runs it was found advantageous to distil a% raduced pressurs, b.p.y
104-120%.  After recrystallization from a bunzana=petrolsum ethaer
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rlrture the product meliad at 123-137° (4% value, 133° (23)).

During the course of this Lwestization this compound was mada
available eomarcially by the Pemmossee Zastman Company in a grads of
95% parity. Bota synthetic and commorcial mmtarial was usnd in 4ha
proparatizn dascrited belovw,

b,

BreiigC = C = CilgBr
C"ré

This compound was prepared by the method of Whitmore et al. (25)
as modified by Shortridge et al, (25).

Four lumdred and sixtesn grams (4.0 moles) of 2,2dimmthylel,3=
propansiiol wus 'placsd in & two-liter three-nacked flask equinnsd with
a roflnx condenser, a on3=litor adcition fummel, a stirrer with a large
Teflon paddls and a thormowetor, A varlable spaad stirring motor capabls
of stirring & heavy mass wus vsad, Tha flask and contanis ware hoatad
to 70° and 1084 g. (4.0 moles) of phoephorous tribromide was addsd at
such a rate as to maintain the tamperature at 70°. As soon as the
nixture becane mobile stirringz wus comtwenced. Yhen all of the bromide
had been added the mirtire wes warmad to 150-150° and maintained at that
temparatbire for thirty hours, After six hours a brizht erinson precipitate
formed whioh gradually bscums qulis tarry and heavy, making the mixture
Qificult to stir, The mixturs was klrolyzod by a slow dromwise
addition ef water and subjected to stonm distiliation until the distile
late came over clear. The layers of the distillate wors separated; the
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wator larer wushed wlth ethar and the cobinnd ormanis layies driad over
calciun chlorida, Afiar ramovzl of %2 cthor, 332 g, (347) of 2,2«
dimethylel,3=dlbromopropena ws diotilled, b.p.e 65-70°, nd 1,500
1.5059 (114, vales, b.o.g 63°, n2” 1.5050 (25)).

The degired procict w3 not ohtainad in savaral attermts undoe
different conditions. Tus wha the reaction michure was allowad to
stand for six days without heating, and worked up in the same mame~r 23
described above there was obtained from 10, g. of the diol 55 g, of a
procuct bupes 7575%, B LL75C. This product ws sintlar to tuat
oblained when the reaction was quemched after the addition of the
reagants at 70°, Shortridge (25) states the reaction is imediate at
70° The addition of bromina to a mixture of phosphorous and the diol,
84 70°, fellowsd by thirty hours at 140-150°, did not produce a stsam
distillable product.

Ge L hylovelormeoniny

| This compound wad prepared by thas proccdure described by Shortridgs
£k a)» for oblaining a product of high parity (25).

In & one=libter threemneckad flnsk equinpad with en addition fumel,
Truboi'e stirrer and reflux condomser connocted $o a dry ice trap, wore
placad 450 ml, of 953 ml, 95 ml, of distillad wmtor and 314 g.

(L3 molos) of sino dust. The mixture wes ptirred vigorously to prevent
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8 gine from forming lagya and Lot was ap2iled o causd a pantla
reflux, Two hundred aad £ilty geuis (1.1 molas) of 2,2~ lust ;1-1,3=
Cioronopropane was adlod deopiiiso eb 33 taprature, The hoatliapg wand
stirring wsre maintained for 24 hours. Aftar 24 hours th2 wmi s
drained from the condenser Jacket and the mixrburo was kopt warn for 30
mimt2e in oxder to driva ovor eny rowalning ndrocarbon, Tz crals
rrocdust wes washed with ice wctor and driod over colsium chloridz, Tha
product (70 g., 917) was ¢istilled balow 23°%, n20 1.3475 (1it. values,
B.Perao 20663y N2’ 1.3663 (26)).

In an atterpt to prepare 1,1« imeti;lcyelopropane by anotiior proe
cecure, neopentyl gcotate (the proparatison of whilch is given &frmedialtely
balovw) was pyrolyued by cistillation through a Vycor tube pecked with
Pyrex helices and maintained at tamperutures frea L50° to 700°, Imall

cases the neopent:l acetate was recovered unchangzad,
2+ Neopent”l Acetatbe

Cig

This ester was preparad fiom neopantyl alecohol (proparcd by tae
mothod of Conant, Wabb and IlanM™a (27)) and eeslyl chilorlde., To 31 g.
(0.35 mole) of msopentyl aleorcl wes acded dropwisa, at 0°, 27.5 .
(0.35 mola) (I:f scetyl chloride, Thie niiurs wes allowad to warm to room
taeparauturs with occasionel stirring and wrasd to S-So for on2«'silf hour,

Twenty aillilitars of 10F sodlim bicarbonate wus alled dropwlsa to
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hydrolyze any wmusad acetyl chloride, The layers ware scparated and

the mter layer wshed with ssvaral snll portions (25 to 50 ml,) of
ether, The organis layers wore corbined, dried and cistilled through

an B* Vigreux volmm to yiold 25 g. (57%) of the desired estar, b.p., ata.
124+125°, ago 1.39361.3942 (1it. valucs, b.p.yeg 125-125°, ngo 1.3873
(23)).

3. The Reaction of l,l-DLueﬁlvlcyclopro;nne with Aluainmum Chlorids

To & suspansion of 26.6 g. (0.2 mole) of alunimum chiloride in 100
al. ef chloreform at 0° was addod dropiise 10 g. (0.142 mole) of 1,ledi=
mothyloyclopropane. The resction mixture quickly became yellow and
e tumned light green. After one hour the mixture wws hydrolyzed by
the @ropwise addition ef wmter, The system was comnocted to a water
aspirator through a dry ice trap and some material was distilled into
the Srwp g.m. . Distillation of the matarial in the trap indicatad
the absanes of starting matacisl or any product boiling below 59°, The
shlorofors layer in the flask was separated and dried over calcium
ochloridé. After yemowval of the solvent there remained a residue of 9 g.
of palymerised material which could mot be distilled, even at 3 m,
mewenry, withoud dossmposition. This material was not investigated

4o The Reaction of 1,1Dimethylcyclopropans with Acetyl Chloride

and Alumimm Chloride

In & one<liter thros-necked flask equipped with a Trubore stirrer,
t}xms;nmter, dry ice railux condensor and addition funnsl were placed
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255 go (2 moles) of alumimnm chlorids and 100 ml. of chloroform, The
mixture was cooled to 0-5° and 155 g. (2 moles) of acetyl chloride was
added slowly with stirring. The mixturs was allowsd to stand for two
hours, then filtered with suction into a tiw=liter flask equippad like
the first flask and cooled to zaro,.

To the chloroform solution thars was added 100 g. (1.43 moles) of
i.lrdimt}vlcyelopmpane at such a rate that the temporature remained
below 10°, Soms hydrogon chloride was evolved during the addition, but
this dixinished after the addition was completed, The reaction mivture
ws allowed o stand for one hour, and them hydrolyzed by pouring into
& slurry of 1500 g. of ice and 300 ml, of concantrated hydrochloric acid.
The chloroform layer wus separated, washed successively with 500 ml. of
water, 500 ml, of 10% sodium bicarbonste and 500 ml. of water, and dried
over calcium chloride, The chloroform was rsmeved by distilling in vacuo
and 108 g, of erude product b.p.s h0-70° was obtained, This was
redistilled, using & 25 cn, columm packed with glass helices to yield
91 g. (L9%) of Leohloro=3,L=dinetiyyl-2-pentanone b.p.q Li=i3®) B2’
1.4398<1.0408 (11t. values, b.p.i¢ 60-6L°, x%"’ 1.LL4O (29)). The first
fractions had some unsaturated product present as indicated by a weak
absorption at 1615 ou™ in the infrared (flg. I).

Anal. Cals'd for C,H;;0C13 C1, 23.8.

Founds C1, 22.8, 23.0, 22.6.
The 2,. dinitrophenylhydrazone was prepared according to the method of
Johnson (30) and after re;:ryatallizatién from methanol melted at 130.5-
w1’
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Anal, Calo%d, for C,;H;,045,Cls &, L7.505 H, 5.22, K, 17.03,
Founds C, 47.50; H, 5.27) ¥, 17.22.

Several attempis to prepare the semicarbazona, using the procelure
of Shrinsr and Fuson (31), failed to give a solid derivative,

In addition to the distilladls kotone thers was obtained 33 g. of
& polymsric material not unlike that obtained from 1,l~dimethyleycloe
prepane and aluminum chloride in ciloroform. Whem the reaction was
carried out at «50° and «15° the ylsld of the desired ketons was con-
iidmbly reducod (5% and 203) and mors of the polymaric matorial was
obtainad. Ltt«upt. to recover unrsac tad 1,l=dinmethylcyclopropane or
any low boiling rearrangemmt product wers made by reducing ths pressure
in tho mta t&u'ou@ & dry ice trap to a waier aspirator. Thesa exparie
neuta 'howad that all of tiie 1,l-dimeotiylcyclopropana was coaverted to
eit.her f.ho duired product, or the praviously mantioned polyweric matorial.

S. Struetare Proof of L-Chloroe3,l~dimathyl=2=pentanone

e
PN «

" a. Dehalogenstion with getlc ac

To ;vizomly stirred suspansion of 15 g. (C.23 mole) of ginc in
60 -1. ot acctic acid and 30 ml. of water there was added 12 g. (0.CO1
molo) of h-chloro-B,h-dimoﬂvl-.?-ponmne. The mixture was warmed to
gmmmnmtoruxreehours, aftar which time the liquid was poured
into 50 g. of 1ce and exctractad with thres 25-ml, portions of ethyl ether,
'nzo ooubimd ether extract was nsutralized by stirring with a potuoiu
mrbomh .olntim to which additional solid potassium earbonate was
ldd.d untﬂ mluuon of carbon dioxide ceased, The otaor was decmted






K

and driad over pctasa.:m carbonate. Aftar roaoval o.f the ethar thare
was obtained 6.3 g. (637) of 3,4-dimotlyl=2~pantanone, b.p.; ata.
235-110°, nD 1.h198 (11t. values, b.peee 133-136%, nD 1.1129 (27)).
The infrared :b;or;tinn spectrum of thls matarial 4s shown in figure IT.
The semicarbezono was prepured according to the method of Slrinur
and Fuson (31) and after recrystallization from 50% othanol meltad at

113412° (114, valse, 113-11L° (2)).

b. y with Sodium I C9

Fifteen grans (0.1 mols) of Lechloro=3,l=dinsthyl-2-pentancne was
added dropwise tlo an efficiantly stirred solution of 73 ml. of 10%
sodiun hydroxide at reflux, The mixture was refluxed with stirring for
one bour and then cooled in an ice bath. The mixture was extracted with
ether, the organic layers conbined and dried over magnesium sulfate.
After renoval of solvent, 5.6 g. (L97) of 3,L~dimethyl=3~panten~2«cne
was obtained, b.'p.; ata, Li5-119°%, n§° 1.1062=1. 4174 (1it, values
bePeyeo LS<LLT, nil 1,45% (29)). The infraved absorption spectrum
(fig. III) showed peaks at 1590 cn." and 1620 ¢:rn."'1 indicating an
e,f «unsaturated ketone (32). In addition a sharp peak was also observed
at 1780 cm,™’, Cyclobutanone sbsorbs in this reglon (31) and the
formation of nclh & product might arise via hydrogen chloride elimination
involving a rvdmgm on the mumbsr ona carbon of tho parent compound
(33). :

The nninubuone derivative was prepared and melted initially at
176+180°, When recrystallized in small smoumts the derivative melted
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at 179-150°3 howwver, a largs saple (2 g.) ws propared and aftar
gaveral recryetallizations from 507 etlanol melted atb 191-192°,

411 of these melting points huve baem rocorded ia the litwruture (22,3h,
3ﬁ,36) and ware attributed to the proscnce of small azounts of 3,li=die
natiyl=lpaten~2-one (22) rathar taan a cyclobutanons darivative.

. Thirteen grans (0,037 wole) of L=chloro=3,L-dlnethyl-2-pantanone
s unma\ with 200 ml, of 10% sodium carbonata for two hours. The
product, 3,L=dinetiyl-i-pentan-2-009, b.pey gy LS-US%, n20 1.2
11456, ws 1solated using the same prococure as described in the
preceding experiment. The infrared sbeorption spactrunm (fig. IV) of
the product obtainsd from this reaction was identical to that of the
product from the preceding reactlon except for the absence of tiie gtrong
peak at 1760 on.”” and a weakar poak 1037 em.™ . A cyclobutanons product
is 1088’ 1ikely %0 be formed hara due to tha dacreased activity of the
base used.

The semicarbazone derivative was prepared and after scvaral
recrystallisations from 507 ethanol melted at 191-192°, This product
did not dcpm. the molting point of the semicarbazone from the preceding
cx:perimt; '

A chlorofora solution of glwnimum chiloride and acsetyl chloride was
prepared in the samne manner as that uscd previously, excopt that one mole
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of cacxh reayamt wms used In £ r2, of chloroform, To the golution
cooled to «20° thera w3 &1 Qvomrize 70 g. (1.0 mols) of 2-retiple2e
butene, (Puillins Tach, grala (577 min,)) shiich had Loo foccllionatsd
through a 100=cm, colitm eontaining glaos helless, bup.; it 30-30°
(11t. value, bePenco 33.0°%), T reaction mlchwre wes stireed ab =50
to «;0° for one hour and than éreopwsaed by poaring into a slarty of
750 g of 40 and 150 ml. concanirated hydrochloric ecld, Tho organie
layor ws washod successively with 570 ml, of wabar, 500 ml, of 1%
e5dium bicarbonate and 500 wml, of water, dried ovar calclun clhlorida
and the solvent stripped L1 va~io, The product, $0 g. (C27), s dise
ti119d, b.p., h6-’49°. nﬁo 1.L4400., The resiiue wos a polymeric mierial
sinllar to that obtained froa tho anulogous roactlon with 1,1~linathrle
eyelopropane,

The infrared absorpiion spactrun was tha same as that o? ths
jechloro=3,ljedinothyle2-nantanone from 1,l«dinathylcyclopropans and
acetyl chlerids,

The 2,hedinitrophanyldrazona dardvative was prepared and aftar
savaral reorystallizations fron mothanol molted at 130-131°%. A mired
malting point detarnmination with the sand dorlvalive as previcucsly
prepared from the raaction proiuct of 1,l-dimsthyleyclopropane and
acetyl ehloride gave no depression. The chloroketone cbtained from this
experiment, whon dehydrohalogonated os previously doseribed, gave a
2,hiedini trophemylhyirazons and a sericarbazons which ware icentical to
those obtained from the same rrocedure with the aceiylation product of

1,1«dimsthylcyslopropane as shown by mixed melting point determination.
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The chloroketons was also reduced by tinc and acetlc acld to yleld a
product vhich gave a semicarbazone idmiical to that describad earlier
as shown by a mixed meiting point dastermination,

B. Acatriation of 1onporer] Chlepids

1. Cyclopropyl enloride

CiHy
Clig
CH—C1

This eompound was prepared by the mothod descrided by Roberts and
Dirstine (37) ss modified by Slabey (38). Cyclopropane and chlorine
were mixed and passed through a grid vhich was irradisted by two Ken-Rad
R, S, 275 sun lamps, Throe hundred and soventy grans (8.8 moles) of
eyclopropane was consumed during eight hours of photolysis to yleld 257
8 (LO%) of eyelopropylohlorids, b.puy 4, 13.5%, no” 1.40SO (1it.
values, b.peyeg k3.5% n2° 1.1079) (38). The apparatus and detailed
procedure used for this preparation were described by J. M. Sandri (39).

2. The Reaction of Acetyl Chloride with Cyclopropyl Chloride

A solution of two liters of chloroform, 255 g. (2 moles) of alumimm
shloride and 200 g. (2.2 moles) of acetyl chloride was prepared as
previcusly desaribed for the reaction of acetyl chloride with cycloprepane.
The solstion was filtered with suction into a three-liter threee-nscked
flask, which was then equipped with a stirrer, reflux condenser and
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addition funnel, One hundirad and £ifty-two grans (2 moles) of cycloe
propyl chlorids wms added dvopwise at room temperature. The tamporature
gradually rose to 35° aftar ona to two hours. The solution was stirred
for eighteen hours, and then poured into 1500 g. of 4ce.

 The ehloroform laysr was scparated from the armber aqueous laysr and
the mtear wms extracted with five 100-ml, portions of chloroform. Fvemn
so, the wmier remained dark avber, Tho chloroform ertracts ware combinod,
wmshed successively with 500 ml, of water and dried over calcium chloride,
After removal of the chloroform in ya~—1o an attermpt was made to distill
the product (202 g.) at 3 mn, mercury but decomposition appeared to take
place., The product was tharefors added to 500 ml, of 10¥ sodium bi-
carbonate and refluxed with vigorous stirring for two hours. The mixture
ws cooled and the organic layor separated from the brown smueous laysr,
The aqueous layer was extracted with ethor and the ether portions combined
with the organis laysr. The wator solution was evaporatad and the
residus digested with isopropyl alecohol, Some of the colored matorial
was taken up in the alcohol, but when the aleohol wms decanted and distilled
only a negligible amount of tarry residue remnined,

“The wiher extract was dried over magnesium sulfate and after removal
of the sther thore was distilled 63 g. (237) of Lechloro=3-methyl=3=
buten=2«0ne, b.p.g 32-36°, 251.1469)4-1.&701;. The assignment of the above
struocture was based on elemental analysis, ultraviolet absorption
spectrum, the infrared abdsorption spectrum and the nature of the products
from several reastions of ths compound,
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Azl, Caletd, for Cy,0 Cli Cl, 2549
Founds C1, 27.1, 2C.C.

Tas ultaviolet absorptioa sncctiuwa (£1g. V) of this compound showxl a
amax. ot 234 m, € 1790 wiich 13 charactaristic of e, =-substituted
a,feunsaturatad ketones (40). Tha infrured svsorption spectrum (fig. VI)
ghiowed strong peaks &t 1457 ca. and 1613 cm.-l, charactaristic of
a;?qmsahzrntad ketones and & slrong pask at 622 cm.'l, in tha reglon
charactaristic of trisubstituted etihylencs (32). The 2,L=¢initrophexyle
hydmzdné was prepared and after recrystallization from etiyl acstate
naltad at 204-205°,

| g_:;i Caletds for C,0220a a2 €, Lk.233 H, 3.723 C1, 11.073

X, 15.73.
Foundt C, L4.13; K, 3.705 C1, 11.993 i, 13.20,
The semicarbazone was propared aald aftor recrysiallizavion from 5TI
ethanol maltad at 1°1-191.5°,
fral., Cale'd. for Cg7,,C2M,C: €, L1043 B, 5.7L3 M, 23.93.
Fomdt C, LK0.723 I, 5.923 Y, 24.54.

Thare was also oLtainad §.2 g. of addilionul maberial b.p.g 62-65°,
n§5 1.4760, The infrarcd absorption spacirum (fig. VII) of this matarial
showed peaks at 1615 (:m."1 and 1505 cm..l, indicating the presance of an
a,f «mnsaturated ketons, and 153° e~ &nd 1725 ca.” which could bo dua
to the preeance of a non~confu atod, unsaturated ketons (32). Tho mixture
could not bou separsted by distillation through a 25-cn. colurm packed
with glass helices, Prolonzad howiing caused some docompositlion of this
material,
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In cus run tio roaction mitturs wed aldsd dropulss to 1500 g. of
ice water in a five-lilar lrus-nuscsod flask equipped with one=litor
addition fumwi, ciliriars, and a dry lee Wwap. The prossure was raducad
in the systam and sonna liquid was cdistilled iInto ths teap. Tae Wwup wus
found to contain only chlurolform and wauvor and no umrsactod cycloproyy

ciloride,

3. Structure Proof of L=Chloro=3=mathyl=3-buten=2=ona

To a stirred suspension of 3.8 g. (0.1 :201s) of lithium alumiymum
hydride in 50 ml. of an'ycrois etasr wes added 10 g. (0,005 mola) of
h=clloro=3-methyl=3-buien=2~on3, The nirturs was stirred for four hours
and them hydrolyzed in tho usual mucrsr, Tug eller wua docanted and
crixd over magnosium sulfate, 4Liluar romoval of the solvaat tioro was
distilled 9.2 g. (957) of L~viloro=3=metiyl=3-butea~2-one, b.p.s 65°,
n2 11670,

Anal, Calc'd. for Cgl,0cly ¢, L9.323 I, 7.525 C1, 29.5,

Found: C, L9.73; I, 7.733 €1, 25.5, 29.6.
The infrared atsorption specisum (fige VIII) showed & strong paak at
614 cl..1 the presonce of wiich indicated a trisubstituted olafin (32).

One mle of tals corpowid wus placed in 50 ml. of 33 ellanol cone
taining 57 sllver nitrete. Io prociyilate of silver chloride was
obsarved, However, whon ono ml, of allyl chiloride was trcatod in a live
mamor & precipitate formed indicating 4hwt tho foruer compound proosbly
did not eontain an allylic ciloride function.
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T8 l-nephthyluretran Cariivatlve .3 prepared and albor Yecrysiale
Yizntion fyom patrolsum ethcer mollod ad 57-58°,
An~). Calo'de for CulincCaiC1t G, 635,313 i, 5.56; T, L.Bus
Ci, X2.50.

Founds C, G5.L33 I, C.5¢; ¥, T.12; €1, 12.20,

b, Mvdroronation 0f L=otdoro=lemothylel«butn=-2=cna

Five grams (0.042 mole) of Le=chloro=3-methyle=3-butm-2-ons was placed
in 25 ml, of anhydrous ether and reduced with hydrogen (50 p.s.i.) over
platima oxide (0.2 g.) catalyst, Aftar cne-half hour 0,25 mols of
hydrogen was absorbed, after which there was no further uptal:a of hydrogm.
The solution wme filtered and thers was distilled 2.4 g. (A57) of 3=methyle
2-butu:o1, Bpey gyp, 106-116°, n% 1.3942 (11t values, b.p.yep 110-112,
"D 1.3973) (L1). The product containad a trace of chlorine which could
not be resoved by simple distillation.

The phenylurethan and l-naphthylurethan ware prepared and aftar
rocrystallisation from petroleun ethor molted at 65-67° and 107-108°
respectively (1it, values, 63° and 112°) (31). Mixed melting point
determinations with samplos prepared from Eastman "éhite label," 3-metiyle
2<butanol showed no depression,

“»—-n’-’--a c

[ J QPR L O I | FRN o R
bt PRYSEvr :. :L‘. “i 3] ‘iul tl.'. l S T?f.».;

A solution eontaining 123 z. (1 mols) of aluwcirum chloride, 120 g.
(1.5 molas) of acetyl cllorile and 8C7 ml. ¢f chlorcform was mresarad in
tha nsm.lmar at 5". A22y) cilorlla (74 ge, 1.0 mole) was alldad drope
vise, with stirring. The brizht rad sclution thus formod wes decomposed
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and wushod in the usual remer. After being dried ovor calcium chlorids
the chlorciomm was distilloed in vaus, Some decowposition was detested
vhen cdistillation of the product at 3 mm. marcuwry was attampted, The
procuct ws, therefore, adided to 3300 ml. of 207 sodium bicarbonats and
refluxad, with vigorous stirring for one hour., The solution was cooled
down, soparated, and the aqiecus layer was extractod vwith ether, Tue
organic layers wore combined and driod over magnesium sulfate., After
evaporation of the othor there w:s cblained a product which did not
dist111, uithout decompositlon, bolow 65° at 3 mu, meroury. The product,
shich wms quite viscous, wus not investisatod further,

Yot orosi e lonroTong

1, 1,l=Dichlorocyclopropana

L _ C'g

<L,

This compound was obtained as a by=-product from the preparation of
cyolopropyl chloride, nw by=products were fractionated and tho nt.erhl
bolling at 75=75.5% 12’ 1.L378, (1it. valuos, b.peyeq 75.5°% n2° 1.1377)
(38) was used in the following reaction,.

2. The reaction of l,l=dichlorocyclopropane with acetyl chloride
_To a solution of acetyl chloride (22 g., 0.275 mole) and alwaimm
chloxtido (33 gep 0425 mole) in 300 ml. of chlorofornm, prepa.red as
previously described, was added 28 g. (0.25 mole) of 1,l=dichlorocyclos
propane, The stirred solution was warmed to reflux for five hours after



ar

R et 1 N
.
. v 4 P—
'
- . R -9
b
N . .

-~ bl .
. k4 e L
N ' - N b -
. » A S - 3
s
t - S .
: . . . .
. s, -
- J .
- »
- . -
. . - ~ ~ .
. . . . ) .
! * )
[y . : .
M -
.. . N
. N \ N .
0 -
. - . s
Y .
/ . : )
: —
" >
- . :
- : - )
ey
. . 2,
. )
. .
. N s -
'
* a
. - .
* .
.
s .

" .
v .
.-y -
R B
» f
.
»
.



30

vhich 1% was poured into 500 g. of ice and 100 ml. of concentrated
hydrochloris asid. The hydrolysis mirture formed & viscous emilsion
vhich wvas finally broken by the addition of 500 ml. of concentrated
hydrochloric acid, The chloroform layer was then washed in the usual
manner and dri.ed over calcium chloride, After removal of the solvent
and unrsacted 1,1-dichlorocyclopropans in yzcuo there was distilled at
70=80° and 3 m, mercury, 5 g. of an unstable product. The infrared
a.boorption upoctmn (fig. IX) of this material showed peaks at 1511 em. 1,
1725 cme” , wiutmg the presence of unsaturation and a carbonyl group
in the product (32). This material was not investigated further,
Kineteen grams (67%) of the 1,l=dichlorocyclopropane was recovered une
changed when the reaction mixture was allowsd to stand for ome hour at

50° after the addition of the reagents.

D, Acotylation of Pheriorrloomnony

1. Preparation of Phenylcyclopropane

/czx.
O

Clig

This compound was prepared by the procedure of Kizhner (L2), except
that the intermediate pyrazolins was not isolated, nor was any catalyst
added to the pyrolyain mixture. In a two=litar three-nockaed flask
equipped with an addition fummel, stirrer, and a reflux condenser were
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placed 550 g. (10 moles) of €57 hydrazine hydrate solution and 530 ml,

of mcthanol, . Ond kilogran (7.5 molas) of cimamaldchyde was addad drope
wizse with stirring. The mixiture was rcfluxed for three hours aad

allowed to stand evernight at room temeorature. Tha mixture was distilled
at atmspherio pressure and the matorlal boiling from 150=170° was
collectad, The oil thus obtalned was washed with 200 g. of ice and 500
ml, of 1% potassium parmanzanate, drisd and distillsd, b.p.so T7° (1it.
valua, bepezo 1745°) (3)e Tha wazh and distillation ware repaatod until
a constant refractive indax, ni> 1.5308-1.5310 was obtatied, (lit. valuos,
nat 1,531, (13)). A yield of 304 g. (357) was tms cbialnod.

2, The 'X?;uétibn of Phenylcyclopropane with Acetyl Chloride

The icotylation mixture was preparoed as previously described for the
ructioﬁ 1,l=dimethylcyclopropans except that the reagonts were added in
m_ mﬁ @utm to 750 ml, of chloroform., Phenylcyclopropans (118 g.,
1.0 mole) ws added dropwise to the mixture at L°, After several millia
liters had boen added the terparature ross gracually and hydrogen chloride
evolution m detectod, The mixturs was cooled down to =25° + 5% and the
addition contimed, and was accorpaniad by a slow hydrogam chloride
mlntion. The mixture was stirred for one hour after the addition wus
completed and then poured into 750 g. ice and 200 ml. concentrated hycro=
chlm'ie acid, The organic layer was separated, washed successively with
500 ml, of {-w, 500 ml. of 153 sodiunm bicarbonate, and 500 ml, of water,
and di;l.od ovar calciun chloride., The solvent was removed in yacuo and
104 g. of Mct was distilled, b.p.g-q 120=130°. The residue did not
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disti11 below 15.° at 2 m. amd &ftar siending ab 0° for eoverzl days,
gave off some hy'rog'm culorids, Atiarpts to crysiclilize tils twry
subetance wars witloud successs, nor ¢4 rafluding with 107 petassium
carbonate change the nuture of this metarizl, Fractlonotion of tie
distillate yieldod 73 g. (L57) of p~cylopropylacotophenona, Bupeg, s=a.0
111;-119", m.p. 35-35°, Tul3 corpound wug recrysiallized from ethaacl or
patroleun ethar by cocling to c®.

dngl, Cale'd, for Cy;i1;308 C, €2,L73 X, 7.50.

Founds C, £2.273 H, 7.55.

The infrared gbsorption gpectrun (£1g. X) was stulled to datermine
the nature of the product. The corbonyl poek at 1630 cm.’l was thae busis
for believing that acetylatlon took place on tiie phenyl ring.

The 2,4~dinitrophanyllydrazone was prepared and after recrystalli-
sation from ethyl acetate melted at 219-220°, The compound was dissolved
only after prolonged refluring.

Anal. Cale'd, for C,,M;.M¢0¢ C, 59.985 H, L.733 N, 16.L6.

Pounds C, 59.683 H, L.903 N, 16.25,

The ultmviole‘b absorption spectrum (fig. XI) in 957 ethanol showed
a )\ maxat 26§ m,, € 15,000, This was compared with the ultraviolet
absorption spectrum of a freshly distillod sample of Eastman, "white
label," acetophenone, A max 2,2 m., € 16,000 (1it, values., h max
240 m, € 13,000) (LZ).

There was 450 obtainod 9.5 g. of metarial b.p.g,s 125-131%, n
1.5668«1,5532, This matarial gave a positive Beilstein test, Its infra-
red absorption spectrunm (fiz. XII) was very simllar to tlet of
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p~cyelopropylacetophcncas. Tiils Iraction did nob eryswalilse whea cocled
to -78°, but inctoad formad a glacs., Seosding with p=cyclopropylaceto=
pheaone ddd net Iadace ey erysiwwliizavicn. Tuls product wes mwt investie
gated furiher,

3. Structure Proof of p~Cyclopropylacetophenone

+ L2 T AN
Qe Crllotinm $a mdTv ol gowman 2 hanende f21]

Cna geam (C.005 mols) of p~cyeloproupylacatoplLienons wus aded to &
solution containing 20 rl, of waiar, 20 ml. of diozana, 12 g. (J.3 mole)
of soditm hrdroxide and 9 g. (0.11 mule) of bromine, Tho mikiure was
stirred at room tamparature for five hours, aftor which the dloxane wus
ecrtractad with ether. The wtxr loyer wos acidifisd with hydrochloric
acid, dacolorizad with sodiaa bicullits and the mixture was filtored with
suction to yleld 0.9 gram (L) of p=cyclopropylbenzoic acid, Aftor
recrystallization from ethanol and water mixture the product melted at

157«153° (repertod value, m.p. 157-155°%) (LE).

Neutral, equiv, Cale'd, for C,f;o05t 162.2,

Pounds 14k, 164.
Aml. Calo'd, for Cyoly00at C, Thl033 H, 6,21,
© Foundt C, 73.02; H, 6.36.

b, Oxication with Chwonic Ovids

Six grams (0.0375 mole) of p=cyclopropylacetoplicnons was addsd to a
solution of 33 g. (0.33 mole) of chromic cxids in 100 ml. of 507 acetio
acid and the mixture was refluxed for eight hours. The mixture was then






poured into 100 g, of ice and filtared with suctlon. The preciplitate
was washed with water and warmod with 20 ml, of ethiancl on a steam bath
for one-half hour, filtared, and the pracipltate washed with ethar,
Thera was obtat’xed in this mamer, 3.8 g. (61%) of tarephthalic acid,
subl. 250-320° (11t. value subl. below 300°) (L5).
Noutral. equiv. Calc'd for CH, (COOIMT)gs 83.
_ | Found: 875, 854, |
Anal. Cale'd, for CgF 08 C, 57.85, H, 3. 64.
| Founds C, 58,353 H, 3.70
The d:Lmethyl ester was prmarsd according to the proceduro of Smith
(L7) and aftor recrystallization from methanol meltod at 141° (1it. m.p.
19°) (47)e 4 nixed melting point with the ester prepared from an
authentic aa@lo of terephthalic acid gave no éaﬁresgion.

ITX, Reactions of Cyclopropane With Several
Types of Chlorides

A. Chloroacetyl Chloridas

1. Chloroacetyl Chloride
; | This compcund was prepared by the procedure described by H. C. Brown
(h7). To . one=litar flask fitted with a 25-cm, heated column packed
with gllst helicas was added 634.5 g. (4.5 moles) of banzoyl chloride
and 233.5 g. (3 moles) of chlorcacetic acid., The desirsd acid chlorice
was distilled from the mixture and collscted from 95 to 1o3°. vhen
rodistillod, 217 g. (643) of pror’uﬂt, bePes gpm. 103-205°, 129 1.1550
(1it. valuea, B.Pemao 105°, nD 1.45.1) (48) was obtained.
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2, The reaction of chlorcacetyl cihloride and cyclopropane

The procedn!ro ws onsm;tnuy the same as that described in detail
for the mctionj of acetyl chloride with cyclopropane. From 246 g.
(2 moles) of chl;moatyl chloride, 255 g. (2 moles) of aluminum chloride
and 90 g. (2.2 moles) of cyclopropane in 800 ml. of chlorofora there was
obtained 217.5 g. (£9%) of a mixtare of chloroketones, b.p.; 70-90°.
The resultant mixture of chlorokstones could not be fractionated at 3 mm,
of mercury without decomposition. To sslectively dehydrohalogenate any
f<haloketones, ‘b:ho chloroketone mixture was added to 500 ml, of 20%
sodium bicarbonate solution and refluxed with vigorcus stirring for one
hour, The nittm'o was cooled, the lower layer removed and the aqueous
layer extracted :with ether. The organic layers were combined and dried
over magnesium sulfate. Aftar removal of the ether there was cbtained,
by distillation M@ a 25-cm, colurm packed with 1/8" glass helices,
55 ge (16.5%) of 1-chloro-3-methy1—3-buten-2-one, b.pey 56-S7°, ngs
1.4692<1,4700,

Anal, Calc'd for Cgh,0Clt Cl 29.9.

Founds €1, 29.9, 29.6.

The infrared absorption spectrum (fig. XIII) showed peaks at 1700 cm..x
and 1530 cn.“ shich are charactoristic of a,f-unsaturated ketones (32).
The compound also gave a positive lodoform test, The 2,L=dinitrophenyle
hydrasone was prepared according to ths procedure of Johnson (30) and
after recrystallization from methanol, melted at 121-122°,

Anal. Calc'd for C,,H,,0MCls C, LL.233 H, 3.72; N, 18,763

c1, 11.,87.
Foundt C, LL.C33 Y, 3.943 N, 18.533 C1, 11.84.
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There was also obtained 52 g, (14%) of 1,5-dichloro=-2-pentanons, b.p.; -
76=19°, 12> 1.L76(=1.L770.

 Anal. Cale'd for CgHy0Clat Cl, LS.8.

Founds C1, LL.9, LL.7, L2.L.

The 2,4=dinitrophenylhydrazone was propared and aftar racrystallization
from methanol melted at 105-=105,5°, A mixed melting point determination
with the same derivative obtained from an indcpandent synthesis gave no
déprea;ion.

Anal, Calc'd, for C;,H:300¢Clat C, 39.L3j H, 3.613 N, 16.72;

c1, 21.15.
Founds C, 39.L73 H, 3.653 N, 16.873 C1, 21.10,

Attempts to prepare sclid semicarbazones of the two chloroketones,
using the msthod describod by Shriner and Fuson (21) were unsuccessful,
The infrared abscrption spectrum of this product (fig. XIV) was identical
té ﬁt (£4g. XV) obtained for the compound when synthesized from
h;chlorobutyz}yl chlorids and diazomethane, except for a small peak at
1555 m.-x 1n the latter which was probably due to the presence of
\j’-bu;&rom.tons which absorbs strongly at that wave mumber,

!
3. Proof of structure for lechioro=3-msthyl=3-buten=2-one

.‘ 8, Eydrogenation
. Six grams (0.05 mole) of l~chloro=3-methyl-3<buten~2-ons was racuced

by lvdrdgen,:at £ifty p.s.i. and room temperaturs, using Raney nickel as
the catalyst. In forty mim:tes, 0,03=0.1 mole of hydrogen was absorbed



.
.
.
oL
-
'
P
2o
~ v
~ H
S )
s
.
Brl -
R Y
L.
5 ’
.
Yoo
b

X

o



L2

(1-N2) AONIND3IYS

059 00L 0L 008 0S8 006 0S60001 00!l 002 OO OOYIOOS! 0002 0062 000 000¥ 000
1 L ) | I T Ll L v T T T rvToeryT ovr v orTorrrvverrrmT 1 Sl
L
3
0
380
4¥0
40
420
10
ozaonbs ‘susyjsu ) .
=0Z®IP Y3TM OPTJIOTYD TA1L3nqoJoryo=-f woaF SUOUBIUSGmZ=0J0TYO T~ T 100
AX ean3Tg

0s9 OOL O0SL 008 0S8 006 060001 0Ol 002 OOEI OOW 0OSI 0002 002 000 00O¥ 000S
I I J I I ) LI LR LI C T T 1T T TTrrreeemmg LI 8_
L
0
(]
0
‘0
(]
()
4ro

-
azasnbs 400

‘opTaoTyo T4390®0J0TYD Y3TM suedoadoTofo wody 8UOUBIUSd=2=0J0TYITq~S*T
AIX daudty - )

30NVayO0sav



L3

and there was no further uptaks of hytrogan. The solution was filtared
and distillad to yield 2.2 g. (51%) of 3=mothyl=2=butanons, b.p., ata.
9h-97°, ngs 1.L204. Tas 2,L=dinitrophenyliydrazone melted at 117-118°
(11t. value 117°) (31) aftsr rocrystellisation from 95% ethanol, and

did not depress the malting point of an authentic sample prenared from
freshly distilled Sastman "white labsl" (mothiyl isopropyl ketons)lemotiyle

2<butanons,

b. Rocuction with 2ims

Elevan grams (0.09 mole) of the chlorcketons was added slowly to a
vigorously stirred mixture of 20 g. of zinc and 50 ml, of 5C% acetic acid.
The mixture ws stirred for cne hour and then filtered with suction,

The filtrate was extractoed with three 25-ml, portions of ether., The come
bined ether extract was neutralized by the addition of solid socium
bicarbonate to a stirred mixture of the ether solution and wetar. The
ether layer was docanted and dried over potassium carbonate. After ree
moval of the solvent, 5 g. (65%) cf 3-mothyl=3-buten=2«0l was obtained,
BuPey go, MI-11°, 2% 11225 (11t. values, b.pepeo 112-113°, n2l
1.4290) (L9). The infraured absorption spectrum (fig. XVI) of this
product i1s 1dentical to that of 3=-mothiyl=-3-butene-2=0l ottained by the
reduction of 3-methyle=3<butene=2=one with lithium alumimum hydride,

The phenylurethan and the l-narhthylurethan of the 3-methyle3<buteone
2=0l1 obtained from this rcaction wers prepared according to the procedures
described by Shriner and Fuson (31). After recrystallization from
petroleum ether the dorivatives melted at 66=66.5° and 97-98° respectively,
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Tae sawe derivatives prepared from the alcohol obtained from the reduction
of 3emethyle=3-buten=2-ons with zine did not dopress these melting points,

3=mothyle3«buten=2«ol phenylurethan
énal. Cale'd for C,gM,505Hs C, 70.233 H, 7.36} N, 6.83.
Founds C, 70,003 H, 7.303 N, 7.52.

Semethyl=3<buten=2=0l (l-naphthyl)urethan
Anrl, Cale'd for c“Hr,O,le C, 75.283 H, 6.713 N, 5.L9.
Founds c, 75.403 H, 6. 67; N, 5 63,

6. Preparation of J-methyle3<butsne2eons frem butanone

The procedurs used was that described by Landau and Irany (26).
A mixture of 700 g. (10 moles) of dutanons, 60 g. (2 moles) of paraforne
aldehryde and § nml. of § ¥ potassium hydroxide was stirred at a temperature
between 35° and L5° for two hours, The solution was neutralised with
acetis acid and the excess butanone removed by distillation, Mve millie
liters of 85% phosphorie acid, 0.5 g. of ecopper powder and 0.5 g. of
m'droqdmno ware added and the residue distilled at a pot temperature of
120-130°, under nitrogen, The distillate was washed vith 5% potu-mu
carbonate and dried over potassium carbonate. Thm was ob‘bd.ned 60 g.
of =msthyl=3«butan-2=ons, b.pey g4 96=100°, n%s 1.L192 (11t. values,

B.Pereo 98% n2> 1.U163) (50).

d. Reduction of JMathyl-3-butan~2-one with Zine
Fron fifteen grems (0,18 mole) of 3emothyle2<buten=2ecne, reduced

Dy the same procedure as previously described for the reduction ef
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lochloro=3=npatiyl=3-butan=-2-=cno, thers ws distilled 7 g. (£7%) of
3eotiyle3mtanedeol, bepay gy, 114-125°, 02’ L232.

a2 21 e larnt -l aP <butanona

S 1 FN FawN 2 9
8, Ltto—%-3 gmtiocis of

1) Tag pronoewiion of Fantlovedsnhaboerl ¢llsrida, This compound

w3 proparad using the procedure dozeribod by Kharasch and Brown (51).
Ina 25'0-::11. round=bottomaed flask weapped with black paper and equipped
vith & reflux condanser, was placed 53 g. (0.5 mole) of isobutyryl
cilorida, 54 g. (0.4 mole) of sulfuryl chlorids and 0.5 g. of benzoyl
paroxide, The mixture wus warmed to gontle reflux until the hydrogm
chloride evolution subtisidad., Tha products ware saparatad by fractional
distillation to yleld 11.5 g. (157) of the e~clloroiscbutyryl ehloride,
BePeqo 39°40% 02 1340, (1it. valuos bup.eo 39-40° (52), 020 1.L369)
(51), and 16 g. (22%) of P=chlorolsobutyryl chloride b.p.eo 6=70°,

n2% 1533, (L. values, bup.go 69-75° (52), n20 1.442) (51). Tuis
raaction wus répeeted saveral tines in crder to obtain a sufficiant
snowtt of material for the following reaction. |

2)
An annhydrous eliaer sclutlion of diaszomsthane was prepared from 82 g. of
Nenlirosomethylurea, following the procedurs deseribed by Arndt (53).
The ethereal solution of diagomethans was distilled into a two-liter,
tiregsenecked {lask equipped with a stirrer and reflux condenser, When
ths ether residue becamws colorless tha distillation was disoontimed and
an addition fumnel was put in place of ths distillation apparatus.
A<Chloroiscbutyryl chlorids (47.0 g. 0.33 mole) in 50 ml, of ether was

motion e

L o=chlorpinnkubam] chloxi<ie with dinzomotbhasa,
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L7

sddad dropwise to the solutioa at 0°. Tia reaction mixture was stirrsd
for an additional hour during which t.ma a flocculant precijyitute formad,
The solution was then saturated with amiydrous hydrogon chloricde and
stirred for an @itioml half hour, Uator was addsd slowly to the
ethor solution and the precipitats, which was water soluble, ws
separated by decanting the ether froa the water laysr. The etlier laysr
vas washed with 107 sodium blcarbonats solution and éried over mugnosium
sulfate, Aftar removal of the solvent four fractions were distilled,
The two lower bolling fractions wore combined to give € g. of "A", b.p.;
55=75° » 25 1.L470=1.L500 and tha two highor beiling portions combinod
to give 8 g. of "7, b.p.; T5-G°, n2> LLSL0-1.L550,

Anal, Calc'd. for Cy7,C1,05 C1, L5.6.

Found: As 38.2, 38.4
B: 1.0, L1.0

The infrarsad absorption spectra showed abgorption at 1790 ¢:m."1 for
man (£ig. XVII) and 1740 cm.-l for "4" and "3", (fig. XVITI) indicating
the possihble presance of both a lactons and a ketone in "A" and a ketone
in ®p°,

The previously mentionsd water solubla procuct wus insoluble in
organic solvents. Neutralisation of the wmtor solution with sodium
bicarbonate causzd the raterial to becoms soluble in petroleum ether
indicating that 1t was a woak basoe and thoerefore possibly the product of
a side reaction of the dlaszokstonz inrelving the "—ciloro grewp. This
product was not investigated far-thor,.
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A mixtare of tan grams off "A" and ¥DY w8 added to 170 ml. of 15
poliun blearbonata and refluxed for one hour with efficimt stlrrins in
an attawt to dalyirohalogonata any P=chloro ketons presgent. The solne
tion ws allowod to cool &nd wms ectrastad with tiree 25-ml, portions of
ethar, The ethor exciracts vwora corpined and dried over mrponasium sulfeta,
Thare was obtainad 3 g. of & product t.p.a 40°. This materizl hed a
charactoristic esicr odor, and gove 8 posltive Bellstoin teet, The infrae
red spectrum (fig. XTX) showed tio carbonyl paaks at 1740 cn.~ end
1710 cm.-l and only a smll pak at 1540 cm.'l for carbon to carbon
doudble bond, This spectrum wus wilits that obtainad for lechloro=3-
mothylbutene=2«-ona from cnloroccetyl chloride and cyclopropans, In view
of the lack of cloarecut rosulis this method f£or proof of structure wns
not investigated further,

L. The Synthesis of 1,5~Cichloro~2-pentanond

a. Th3 nronaratlon cf Lh=chlorohugtvrevl cilorida from ntroe

Eighty-six grans (10 mdle) of Y =butyrolactons was piaced in a 500
ml, flusk fitted with a reflux conconser and solid addition flack, There
was added 220 g, (1 mola) of phosphorous penbachlorids portionwise Zcom
the addition fiaszk ab such a rute thal the exotherale reaction did not
becoma too vigorous. The rcaction nixture was than haatad to 120° and
a distillate collectad, bupey g4, 75=105°. Vhen this distillation
subsidad the pressure in the gZrstem was reduced to 15 mm. and 63 g,
(502) of Lechlorobutyryl chloride, bup.ys 67=69° naC LLSL0 (11t
values, b.p.ys 63°, 020 1.U631) (L9) was distilled.
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. v cand 4ol fa g ~Y ~ yma o~ P R -
by T2 orasnenditos of 1 Jeideblgramlarn e S Lot orne

batryl cnloricd aild ¢l coithiind

An anhydrous etasreal solution containing approximtoly 16.8 g.
(J.4 mole) (bused on 1it, 39s1d of 63%) was prapared from A1 g. of
Nenitmzometiyiucsa as descri:al by smt (CL). Twauty-onae grans (0.15
mole) of hechlorobutyryl chloride in 10 ml, of ether was added dropwise
to the soluticn &t such a ruis es to muintain a slow reflux, The mixture
wos allowed to stand for two hours and then cooled to 0°. Aniyyirous
hydrogon chlorids was passed in for 25 mimtes, during which time the
yollow solution becams colorless. The solution was ailowed to siand for
ocue hour, then lydiolyzed Ly e slow aldition of wublar, Tue elner layur
was docanted and washaod with 120 ml, of 1C% sodium bicarbonate folilowed
with 50 ml. of wior. There was cbitained 15 g. (6972) of 1,5«dichloro=2«=
pantancne, b.p.s 80-65°, ugz 1.L7566=1.4772. The infrarsd ebsorptlon
spacirua (fig. XV) of this product was compared with — 1,5=dichloro-2e
pantanons obituinod from chlorvacetyl chloride amd cyclopropane,

Aral. Calctd. for CglsClaCs C1, L3.8. '

Founds C1, LS.6, Lb.2.

The 2,h=dinitrcphoryliydirazose w3 propered for conparison also and aftor

recrystullization from metimnol nolb.ad ad 1C3«135 .5'0 .

B, t=Butrl Chloridsg

The procedure usad for this rsaction was analogous to tiat described
by Schmerling (54) for the reaction of an alkyl hallde wiita olefins,
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In a one=liter throo-nocked fioak eua*ppcd with a dry ice condensar,
stirror, and thermonctar wes placed 212 g. (2 moler) of t-buiyl chloride
and 100 ml, of chlore® =1, Tie mixturo w=8 coolod to «50° 4n a dry ice
iscpropy)l aloohol bathe Tha thermomstor wans then replaced with a gas
delivery tube and 90 g, (2.2 molea) eyelopronane was passad in, The
dslivery tute was rsplacad wiih a thsrmometar and seven grars (0.273 molea)
of alwwirmm éhloride wms added, After ¢on mimtes the alurdmum chloride
wms co-pletely dissolved and tha reaction mivture became yellow, finally
turning amber, The mixture wes stirred for two hours during which time
the tarperature in the flask was allowod to riss to 0°. Twenty-five xl.
of 503 methanol was then added to ths mixiure to hydrolyze the alumimm
ehlorice, The chloroform layor wes separatsd from the aqueccus layer,
waehad with 100 ml, of water and drisd ovar potassinm carbonate, Alter
ths unreactod t=butyl chloride and chloroforn were removed the product
wes distilled to yleld 19 fractions as shown in Table I.

Ansl, Calo'd fori C,Z,.Cli C, 62,473 ¥, 11,243 €1, 26.)

 Poundt Fraction © H  Avg. Cl  Total
N 5 61.32 11.13  27.25 99,70
8 62,90 1,29  25.6 100.4
V1Y 63.35 11.23 25.85 100.24
The plots of tepsmature (f1g. XX) and refractive indax (fig, XXT)
varsus grans of pro:mct ¢istilled show flat portions between 17-35 g.
and 25«/:5 g, rerpectively. Tio frachisns corrmon to hoth of thess areas
ars mribers 12-113 howaver, enal;mig of ona of these, 1L, was not satise

fuctory for Col1sCle The L47.C3 g. of mixsd product obtained from tiis
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DISTILLATION CF PROTICT ML TACTITI OF CTULONOPAS WITH ¢-0UT L
CLINTs TROTST A 75=cm, COLUITT CP 1% DIUTT
PACITD WITH 1/5" GAS3 KLICSS

b —— |

Fraction  1° P(ma. I'g.)  Craus n20 g1
1 :>h0-t.3 g3 11 11179
2 . L5-i8 90 170 1.026
3 | L8=i:9 90 1.30  1..170
Lo L0 92 143 L0738 27.9, 23.7
5 5353 92 173 1af1 - 27.2, 27.3
6 . 553 92 2.35 LML
T 6305 92 1.1 1208
8 ' 67470 92 3.24 14230 25.8, 25.9
9 . 7071 92 3.0 1253
0 7212 92 L9 1278
n P 92 2.0 1238 26,0, 25.2
12 ¢ o737y 92 L3 1.L29k
13 Therh 92 L83 11300
] Thets 92 L3 1037 25.2, 25.6, 25.6
15 7602 92 Lo 1.3
% 8652 92 3.6 1.1303
17 9395 92 3.0 1.3
18 . . 97-103 92 2.5 1.3
100-110 92 2.3 1.L3L0

&
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Distillation curve: temperature vs. g. product

from t-butyl chloride with cyclopropane

30 40

Figure XX
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1.4380

1.4360}

1.4340-

1.4320~
1.4300}-
|.4286
1.4260-
1.4240
1.4220
1.4200

I.4100

1.4160
o

Distillation curve: refractive index vs. g.
product from t=butyl chloride with cyclcpropane

Figure XXI
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roactlon is considorably locs tinzn the thoorotical yield of 302 g.

Saveral atterpts to identify e carbon skelsion by reduction of tie
chloride to an al'mna, via the formation of a Grignard reagont and hydrolye
gi3 of this product or by roduction with zinc and acetis acid, did not
yield a distillablo hydrocarbon £res of halogen, An infrared absorption
spectmun (fig. T5IT) of redistillod lower boiling fructions 1«5 ghowed

charaztaristic alizng ghsorptlion pacliks.

Co 12" Clorilcs with Corls-rocnd

A solution contoining €h.3 g. (0.5 mols) of methanesulfonyl chloride,
67 g« (0.5 mole) of alumimim chlorlds and 500 ml. of chloroform was pre-
pared in the usual manner. Twouty=Cive grams (0.4 molo) of cyclopropane
w8 passad 1ato tho eclution atb o°, ™o solution was meintainad at o®
for one howr and thon siirrad at rooa tomporature for twolve hours. The
mictare wus pourcd iato 430 g. of ica wil 1C0 ml. of concantratod hydroe
chlorio acid, T:0 chiloroform solution wms trsated in the usual mamner to
Jicld only unchaongsd sulfoyl chlovida and less than 1 g, of a matarial
shich boiled batwen 120=15° at 3 m. Thls matarial docolorisad bromine
in carbon totrachlorila and guve a nygutiva test for sulfur whan a sodium
fugion analysis wus mdo,

Lthaneguifoml ciilorids, butanesullonyl chloride and p-toluenesulfonyl
chlorice wore a&ll troatad in a sinilar mannar but falled to yleld any
sigrificant amnount of procuct.
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D, Loctl Poschlioratn

1, Acetyl Perchlorate with Cyclopropane

The procecCura used in this erparinont to prenars tha acetyl pere
chlorate wms that deseribed by Durton and Praill (£5). Ton and a half
grams (0,05 mols) of eilver porchlorate, which wus drisd overnight over
phosphorus pantoxide in a vacuunm dessicator, wes placed in 125 ml, of
freshly distilled niiromethane, Six grans (0,076 mole) of acetyl chloride
was added dropwise to the golution at 0°, The mixture wus allowsd to
stand for ona hour and then filtored, wnler nitrogan, into a three-nacked
flasl:, Five grans (9.12 mole) of cyeclopropanc was passed in, After one
kour the solution was poured onto 300 ge of ice and 20 g. of sodium
bicarbonats., The watar larer wes exiractod with three 50-ml, portions
of ethar, axl the elhar layors wero combliued, The ethor extract wus
wohad with f£ive S0e-ml, poriions of 17 sodium hyiroczide. The ether was
driod over mgnesium sulfate. Lo residuse remminad after removal of the

ethor,

2. Acetyl Perchlorats with 1,l-lDimetiyleyclopropans

A solution of acetyl perchlorate was prepared from L1 g. (0.2 mole)
of e{lver perchlorate, 200 ml. of niiromsthane and 17.2 g. (0.22 mole)
of acotyl chlorids as descridbed in the preceding eperimant, 1,1l=Dimctiyle
cyolopropans (1l.s g., 0.2 mole) was addod to the solution, with stirring,
at &°, The mixture wus allowod to stand for one hour and then poured
into 200 ml, of 57 sodium bicarbonate., Tho wator solution was extructed
with five SO-ml, portions of ethor, The ethar ertracts were combined






and diied ovar magnosinm suliata, Viien distilled, the ether etracts

did not yleld any procuct wilch boiled above 100° (Nitromotihane, b.p.
1m°); Tue last portion of distillave d¢id, however, yield a darivative with
2,=Ginitrophenylhydrazing Midch meliad at 129-130° and a mixed melting
point dotormination with the 2,4-Cinitrophanyliydrazons of 3,l=dimothyle3e
pantan=-2=one &3 prepared previously gave mo dooression,

-9 (TP PY - Conon
505500, Mottdng Pod-ty gad Soactma

D
~e—

The mothod of Unhwefor (56) was used for the chlorine analyses of the
1lcuid products, Two grams of sodlum, cut inlo four or five pieces, wus
placod in a 200-ml, Soxhlet flaci: containing 35 ml. of 997 isopropyl
~ alcolol, A sasple of 0,10«0,30 g. of the compound being analyzed was
acdod and tho solution wus refluxed for two to four hours. The excess
soClum wag doconplsad Ly cantlovsly alling wbtar turough the condensar,
Fifty =illilitors of water wms addod, and the solution neutraliged to
econgo rad paper with 6 U nitrle acid, The chlorice ion was titrated by
the Volhard metiiod,.

The other elsmontal analysas wore done by Goller licreanalytical
Luboratories, lackensack, llew Jersgy, or llicro-lech, Lavoratories, Skokie,
IMinois,

Halting points wore determined in a capillary in an efficiently
siirroed, electrically haat:d, oil bath using a thermometar calibrated
a;inst & Bureau of Standarcs tharmomctor, Stom corroctions were not made.

Infrared absorption spscira wore run using & Perkin=rlnmor, lodel 21
spectrophotomotor. The uliraviclet spoctra ware talim using a Dockmen,

Modal IX recording spoctroniotomaior.
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TICISLIA
Saveral enxionts wore parformad do detoraing whotlior the
P =l orol:ctonos
0 Clg0
o
ReCewCeH
" |
A8
Cala

are foraad diroctly in the acylation of cycloprepone, or whethayr they are
formd by some inxdirect path, (m9 of those possibilities had already
baen tastad by Curtis (23)., For e:armle, it is conceivable that cyclo-
proqans could bs acylated directly to an alkyl cyclopropyl katons, walch,
on mhoaqmt ronction with hydropan chloride (4n the prescnce of
alutirum ehloride) might leed to ti:e obsarved Pe and ¥ =ohloroketone
miztare, Although ring opening to the Pe (rather than ¥ =) chlorcketons
is an wmli“ely prospoct, it wes novartiielsss investigated by Curtis, who

0
¢ crg - ReCaCllg=Cig=CTlg=CL
ReCeCle /% =i RLCH| i _CH,
Clig— C7y Citg ¢ R-LCH
“CHLCL

treated nepropyl cycloprogyl kotone with elumimm chlorids and hydrogon
chloride in cliloroform solution for two hours at 0°, The kotone was
recoverad in greater than 807 yield and there was no evidonce for tlia
formatlion of any chloroiictonss. Tous, wior the conditions of the
acylation raaction al'7l crelopromyl ketones ars stable; thoy therefore
camot be Intaraciiates La .o furmtiisn of tho chlorokstonoes,






Another possibility i3 €wt the Nechloroketones are formod by some
rearranzzent during the courss of the acylation,
0 0 s

n/

R-g-c:z,c:zgzzz,-c:t————-- ReCC3!
Cllg=C1

o eporinonts descrived in this thesis indicute that tals pos-&xﬂhte for
419 moda of formmtion of tho fe=clilorokolonos 18 alsd incorrect. ‘hon
Sechloro=2=pantanona (tha Y =chlorokstone from acetyl chlorids and cycloe
propanei was stlrred, in chloroform solution at c=1c° for one hour, with
8 L=fold excess of an equinolir mizture of acstyl chloride and elwalmua
chlorida (tims reproducing all of the acylation conditions, except for
the cyclopropans) it was rscovared unchanged in 807 ylsld, Thore was no
evidence for tha forrutlon of L=chloro=3-=meilyl=2-butanona (tie f=chloro-
ketons) or 3=mstiyl-3-butcn=2-ono, its cehydrohalogenation product.
Under those conditions, tiizn, tho ¥ «chloroketonecs do not rearrangs to
the fedsonars,

On the premisa that parhaps curing the acylation (with cyclopropane
prosant) sowe circunstances are gmerated wilch allow this rearrangemaut
to occur, the acylation wus carriod cut in the prosance of a rathar largs
quantity of initlally adlod ¥ =chiloroketons. The yleld of P~chloroketone
(or its doydrohalogamation procuct) wms unaffectad, and the amount of
¥ =chlorokeione recoverod corresrondod closely to the sum of the initially
acdad plas thot epactad to bo formeod from the acylation,

It is £olt, thorafore, that it is sofe to conclude that the fechloroe

kotones are not formad by roarrangsicnt of the Y =chlorcketones, nor from
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23 &2ig71 cy<lopropyl ketonas and Iydrogea chlorids, but ars probably
rrocuced Yy some more direct procsss from the reactants, One can
soaculato eboat i posslils nuture of tals process, For eample, a
comlax may form which could subsecuanily break down by eitiar of two
patss to ylold eithor the Pe or ths Y echlorcketons, Cne my propose an
intermodiate such as a sanchrizh t;-ﬁe agregate consisting of a cyclow
pronane ring between the ions of the acylouloride-elunimua chloride
corplax,

Ruptuare of a carbon=carbon bond in the cyclopropane ring with addition
of the 1ons to the cite of the cleavags would laed to the Y¥=chlaroketons:.

0
"
=C
@ 0
et Rl =Cllg=CTig=ClI5C1
\H

Lowover, if rupture of a carbon=ipydrogmn bond rathar than a cerbone
carbon bond occurred (such a siZuation could presumbly arisa if the
carvon=hydrogan bonding eloctrons were locatad more suitchly for
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interaction with the attacizing acylonlin ion) £.7.1lowed by a concorted
attack of the cisplacod proton ead wWie alumlmua tetrachlorids ion, the
ftlachloroketons could bae accountod for,.

ac ’-O Rel=0
/\‘ / B (Ii /t::za
/ H c\
3! 'H ReleCH
‘ aemeuseemandlly '\ / H e —— \
Y / ¢’ 101
H/ \c / < H
A1llg

Such a mechanlsm, however, 13 difficult to accopt because of tiio scequance
recuiring that the proton displacod by the acylonium ion take part in tha
rupture of a bonc wiich wus siable towmad the acylating agont. At the
present writing, the mechanlson of formatlon of the f=chloroketons is not
yat clear.

In order to both dotermine the direction of ring cpening in the
acylatlion reaction and to furtlior esplore the scops of the roaction, th
acylation of several substitutod cyclopropancs was studisd, Ordinarily,
additions to substituted cyclopropancs follow Marlkownlkoif's rule, For
expla, the reaction of 1,1,2-trincliyleyclopropane with hydrogen bromide
yialds 2<bromo=2,3-¢incthylutane (57).

Cil,=CH Clly Chy Cily
| ‘/c: ¢ D7 eveoney > ch -u‘r
crg’ S CH, ciT, H,

Undor cartain eircumstances, wmoual storis reculracnts my cause none
larkowniloff ring opaning. Tims, maslizne wus transformed to an olefin,
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he structure of which indicated that the lsast substituted bond wus
broxen, followed by ¥agnoreleerwein rearrangsment (53).

CH’ " cp)
L e O ) or
aC
033 / ci CH3 CH' H‘
cHa
e,
- CH ‘on,

1,l=Discthlcyclopropane, prepared by methods described in thse
literature, reacted smoothly wiih the 1:l corplex of acetyl chlorids and
alnimm ehloride in chloroform at =10 to 0°, A £9% yleld of what appoared
to be a single chloro::stons was cbtained, Dahalogenation of this product
with sinc in glacial acetis acid gave 3,L=dimothyl-2-pentanone. DIohydroe
halogenatlion, by 103 sodium carbonate gave 3,4=dimsthyl=53=panten=2«ons,
Datgdrohaloganation with 107 sodiun hydroxide gave the sane e,f-unsaturated
ketons plus a cyclobutanone derivative (probably 2,3,3-Arineilyl cycloe
butanone) o ﬁmo structure was tmus shoun to be L=chloroe3,=dimstiyl=2=
pantanona,

0
"
Zn - CligeC«CH = CH = Cil;
Tiao by &
Cy CHy
e a 0
(]
CA=C=CH = € = CH, ¥ CO CHz=GoC = C = CTy
Cly CHy Cr, CH,
[ e Y 143
Nat . G = ¢ = Ciy

Hy
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This structure does not correspond to any of the possible ¥ =chloroe
ketones expectsd from 1,l=dimetlvloyclopropanss

| 0 c1
L)oo, Cecn <y,
C o,
B (a) ‘ w i
b—D< 2 R R
CHs
¢ o
L) o GiC<Ciig<C » ClHyCl

Of ths pechlorcketones which might be expectad (in view of the pruducts
obtainad from cyclopropans itsalf) the most likely one is that whiich wes
obsma; a8 the mjor reaction product, I corresponxis to atteck by acyl
at ona of the methylemns groups, with transfe of hydrogen to the other

methylonet
r 0 i,
H L ]
—— (Iyg=CeC! - C1
& 'CQI’

Ciy «CmO Cy

Transfer of the hydrogen to the mere substitmated position would give

TToC1
o 7Y
s
Cly = C = C
Ci1ecil,
CHy

vhich 18 not rigorously excluded by tiie obsarvad resctlions of caloro.atons
obtained (#ince prototropic rearrangescnt of the doubls bond mig:b occur
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upon denyrhohalogemation), The structurs of the product wns established
2s tho former f-chloroketono by smthesis,

The reaction of 2emetiyl-2-buteno with ecetyl chloride has been
reported to yleld the same product (29).

e Tiole
10001 & Cifz=Giel] Slda, (H CeCH - c=C
o, CHy

Rapetition of this gynthesis gove a product whwse infrared sgpecirun ws
iZantical with that of the product from 1,l=dimeihylcyclopropana, Tuis
conclusively proves the structurs of the procduct, but also sugzgasts an
altarnative mothod by which 4t mizht be formed) that is, the 1,l-dimetiyle
cyclopropane might isomerizs to 2-methyl-2«butene prior to acylation,
This peth was diztinctly rmulsd out for cyclopropane itself, but cammot be
exludad here, An increass in refractive index of 1,l,2-trimothylcycloe
propans over alumimum chloride has been atiributed to both an isomerization
and polymerization (£9), Othar workars (60) report very rapid and complete
polymerisation of 1,l~dimothylcyclopropans in the presence of alurrirmm
bromide even at -§O° » the rasction being complote wilthin & fow mimutes.,
Sevaral experiments wors performad with the hope of gaining some
insisht regarding the mochonism of this reaction. 1,l-DMmsthylcyclo=
pronansd was placed in chloroforam containing alunimum chloride at o® for
ons hour, Noither the cyclopropyl compound nor an isomarization product
were rocovared, Instoed the cy*cio;:rmps.ne wms converted to a polymeric
oil., Vhen the acylation wmn carrisl ouh in the preseonce of excess
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1,l=Cincthylc;eloropane none of thr crooss was recovarad, but e-ponred
to bs eomverted to tha pelyweric maierinl, The acylation wes also
carried cut at =50° and by Imvorse addition (the acylation solution 1s
added to a chloroform solution of ti2 cycloyropane). In both cases the
yisld of ketono was reduced (57) whiilo the smount of polymaric product
dncreesad, Thoss eparincnts Indiccts that the ecylotdon of 1,l-cluothyle
cyclopawopang 1s accorpanied by a corpoting reaction which producas the
polyaare Parhups mildar condltlons (e.ge & waaker Lowis acld catalyst)
would procduce a hizhar yiloll of kelensc. Tao use of suwifur cioxlde es
solvaut with a Lewls acld cuch as stumic chloride could possibly provide
a1 1daal gystom for tiis raactlon. JSwWlilur clo:dds has baeoa sliown to bo
an exzcallant solvent for 413 4yp2 of rauctilon (41).

The next substituted cyclopropane whose acylation was luvestigutod
was cyclopropyl ciloride, premared by the irradiation of a mixcbure of
cyclopropand &l chlorinag. It gave a 8lighlly awtaxmle reaction with
a 1:1 complaz of acetyl chloride-elunimina chloride, Attempts to parily
the product froam tiis reaction by distillailon at 3 mm. norcury gave
dwmpositun. Tha structure of the 1nitisl product ws therefore not
established, but treatment with 107 sodium bicarbonate convartod it to
it3 dahydrohalogenation produci, & distillablae chloroketono, in an overe
a1l yisld of 23%. The ultravioclet and infrerad alasorption spoctra of
this product wore consistont with en e, =cizubstituted=n,” «unsaturated
ketone. Reduction with Iydrogon ovar platimn guve 3-meihiyl=2-butanol,
This establishea the carbon giclzton
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ax farihar, alous that the product dld not result from normul eddition
of acatyl chloride to tho c;Tlopropane ring, which wonld havs glven
n-gro:rjl; rathar than isonronylwtiylearbinol.

Lithinm alundman hydella rocucad the katone to & chlorine-containing
uncaturatod aleohol, tie chlorine of whiilch gave no procipitate with £F
alcoholic silvar nitrate. Allyl exloride, under sinilar conditions, guva
an Lmediato precipitete of silver chlordide, These facts establish the
alcohdl as

(6134 (#1305 §
] 7
Ciy »Cl =C
N
Cils
0 ¢l
" V4
a2d e ketons as Cfi;,-c-C\ e

Tha possible procducts of the original acylation, again examining only
thoso posaibilities whilch wauld glve tha rearrangsment procuct (1.e.,

fachloroketones), are shown in tha schames
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The only path leading exclusively to the obsarved product is (a) whish,
liks the 1,l-dimctiyleyclopropans roaction, involves attack at the
mothylene and migration ol thie hydrogm to the loast substituted of the
reaaining carbon atoms. Path (b), alticugh expected to laad to two
uwassturatod katonss, one of wiich hos an allylic chloring, i3 not howovar
rigorously excludod, for ons of the tww daly<rohalogenation procucts
nizht precdoainata,

Prior rearrangemmt of cyclopreopyl cliloride ¢o allyl chlorids camnot
lead to the obscrvod product. Roarrangonent to the vinyl chloride,
followad by addition of acatyl chloride as shown, might be an alternative,
thouch unlikely, path to the cbsamved procuct,

f”&

CHaCl ~=te CICHRCIN]L wmmmen (I <CTT @ CI7014
ctg =0

Y
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Caa pesdcible way to daclda botusan the glteornative structures for
tho 12%a] asylatiom product would b2 to study the reactiom of cycloe
ol ciloride with acetyl bromidoj the dihalokotone product would be

ellior a [ =brow=c=cilorokcions or a [«=bromo««chlorokotons,

c1 0 Cagor 0 BrCITl
) P -(
CE @ ReCUlr ==soweip a-o-g e CH; or R<C«(i = CH,,

Lay<rohalogmation of the foraxr would glve e,!=umsaturatad kotones
containing bromine bud frea of chlorine, whereas the lattor would yfecld
a mi-turs of kotonas containing bromins and chlorina.

0 CF,Br f‘l C‘Br 0 CH.Br
R-C-g o (g smmm—ts R -C-Cia * R-C -C « Cllg
1
0 CE"‘" (‘) %’I?l R ('%L’r
\
R- -C-C-.;,-—-—o"-c-C-C' ¢ R<C =« C = Cl,
H

T3 rar2ilon of cyclonronyl ehloride with acetyl chloride lead to an
ad2itional unidantifiod pmoduct, b.p.q 62<65°, (approximately 5% yield).
The infrared sbsorpiion ezpectrum of this material showed two carboryl
pauks, Attapis to soparato tis conctituonts by distillation wore not
successful,

1,1<Dichlorocyclopropane, obtained as a by-product from the prepara=-
tion of éyc]opropyl chlorice, wus acylatod only with difficulty, In order
to causs a raaction 1t was nocaszary to heat the cliloroform solution to
reflux for five to six hours. Tha unstobla product, which wms obtained
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in s:nll yicld, gave an infrared abgorption spactrum which indicatad the
prosonce of an uncaturatod kotona, This moterizl wes not investigatad
furthar. The recovery of 677 of unreactod did~Whmmno eftor one
hour at 50° furthor testifies to slow reaction in this case, Such slow
roaction uit.h a highly negntively substituted cyclopropans suggests that
the rate is determined by elecirophilic attack (presumebly by acyl
carbonium ion).

In order to dotermina the effoct of an aromatic substituent on the
¢cyclopropans ring, the acylation of phomylcyclopropane was carrioed out.
Pheryleyelopropane wag pronared by distillation of the reaction mixturas
from cinnamalcdalyde end hyvrasing hycrate. Thuis procduct wes readily
acylatod at O° to yleld 187 of a product free of chlorine., The infrared
wbsorption epectrum of this meterial wms consistont with that for a die
sabstituted benzene ring. Cxidation with chronic acid gave torephthalic
acid, The haloform reaction with bromine in 327 socium hydroxide lsad
% p=cyclepropylbonzoic acid. It was thus shiown that the product was
p=cyclopropylacetophenons,

0

0
" A0 n |
Ci,CCl < m —leeegy  CH eCe

The formtlon of this product incicatos that the phenyl ring i1s attaciced
ia preforence to the cyclepropane ringy presumbly the cyclopropans ring
acls as an electron conor activeling the banzeme ring, whareas the =1

eflect of thie pheyl group dsactivates the cyclopronans ring.
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A smll amount (107) of tha produst obtainzd was & hishor boiling
liquid which ¢id not crystallize, but rathar formed & glass wion frozem.
Tais materlal had an Infrared absorption spectrum charactaristic of an
acetophenone, Thas rafractive index indlcated that the matorinl was a
nlcture and attapis to isolute 108 coaponsents by distillation were une
gaceoasaful,

The stucdy of this rozction by Curtis and iart (23,24) ses limitod
to tiie use of carboxylic acid chloricdes containing only hy<rocarben
susstituants (e.g. benzoyl chloride, propilonyl chilorile, cyclopropance
carbonyl chloride). In ordar to further eplore the scope and lirfiations
of thls rasction sovaral emerimants with corpounds not in this category
vare staddad,

Chloroacetyl chlorides reacted readily with cyclopropane to yleld
9% of a mixture of chloroxetones, This material could not be fractionally
distillod at 3 mm. of norcury prossure due to docormmposition. It was
tharefors reflured with 10% sodiun bicarbonate to sslectively dehydro-
halogenate the Pechloroketons, The chlorokctones obtained after this
trootment were roadily soparatod into two distinet fractions by distile
lation,

The lowor=boiling product had the forrmla Cgll,OC1 and was reduced
with hydrogen and fungy niciel to yleld 3-mothyl-2<butanons, Zinc and
acotic acid roduced this procduct to 3-mothyl-3-butan=2-0l, which was
smthosised indopondently as showm in the schemo,
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e H =C=CH
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(0] Cx ci
A 3
c:.c*x,-c-c\ N
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-:::;D C: _,-CA:-C\
Cl,
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0 e} Ciig

CLlecayr, Sa2a i, =8 -0

The structurs of tha lowar bolling fraction was dms shown t0 bo l<cliloroe
Jmzilyl-3utene-2=cne, An eitormpt to prepare this cormpound by the
roaction of ciazomothane with 2-chloromcihylpropionyl chloride did not
glve clear-out results,

Analysis of the highor boiling product agrexd with thwut calculated
for a dichloropentancns. 1,5-Cichloropantanone, preparsd via the
mtioﬁ of L4=chlorobutyrylchlorids and diazomethane was showan to be the
sane as this product by its infrared absorption spectrum and 2,4=dinitro=

paanylhydrazons derivative.
0 0
c1-czz.-c:',-cvz,-c-c1 Lhalla, (g Cilg=CllgCCiry ke
9

It is clear then thet hare too, the acylation of cyclopropans gave both
roorranged and normel product,
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™o othar typas of compors aftem used in Friedel«Crafis reactions
are alyl and sulfomyl halldes, A2yl halldas are known %o react wlih
olofins to yiold both an addition procict and a product wtich appoars to
be the result of a dlsproportionation of tha alkyl chloride (ZT). ‘I'hu.s,
$i:3 reaction of t=butyl chloride with ellylene is reported to yleid
l-cldoro=3,3=dinethylbutans 835 the principal product (5°7) and lechloroe
3,3<dinathylpantane es a by-procuct (7).

(s ot G
Sean
Cllg=C=CL + 130 = Cly L, Cllg=G-Cllg=CigCL ¢ CilyCHa=C-Clig=ClaCl

Tus roaction of cyclopropaus Wil t<butyl culoride (using the usual
Frisdcl«Crafts alkylation conditions) gave a low yield (15%) of a mixture
of aliyl halides. Analysis of ssveral fractions shwwed an expirical
forala of approximately C,H,.Cl, Attapts to separate the mixturs into
its component parts by disiillation wors not succeszfule The boiling
point rose standily during the distillation without any clearecut
fractions,

Sulfonyl halides have boon utilized only to a limited extent in
Frisdel<Crafts reactions and reocuiie earxully controlled conditions (52).






Tius toluene with methanesullo:gl chloride wus reportod to give motiyl
p~tolyl sulfons (357) and methyl m=tolyl sulfone (151).

ANy
O-c:ra ¢ ClI,00401 wsisimsden CH._,,-GO.-Q-CH;, . CII,.,-SO,-Q

cl,

Tuo roaction of olalins wiill sulilonyl Laulidos und . tiiece conditions has
not bsaa stuliad,

Saveral eperinonis wire parformxd in this work to Livostimte the
action of sulfonyl halldes wilh cyclopropans, liethane-, ethane-, butana-
and banzenesulfonyl chlorides all failed to react,

Since the raaction of acyl halides with cyclopropanos seems to be
initiatod by attack of the acyl carboniua ion, it wes of interest to
eaing this procoss more dlroctly. Townrd €ils end, acetyl parchlorats
w8 preopared (57) from ecotyl chlorids and silver parchlorate in nitroe
moliane, In tuls solvent, no roaction wus observed wita cyclopropane,
but 1,l-dLix Ugyleyelopropane gava a sacll anound of 3,L«dlactlyl-3=
penten=2=-ona, charactarized as its 2,L=dinitrophenyliydrazone,

0 0 Sl

M - il
Crc® €10, ¢« DK — CyCC = ¢
Ty NG,
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1. Tha f=chlorokatonos from o roacticn of acyl culorides with
cyeloprepana are not tha result of rearrvangemsat of the Y —chloroketones,
but rather appear to be dirsct roaciion procducts, S«Chloro=2=pcnianone
¢id rot rearrangs wiar acylailion concitions, nor was the ylsld of
Jaciyle=3=butano=-2-one affocted Ly adcing excoss S=ciloro-2-pentanons
to an acylation mixture of acetyl chloride and cyclopropane,

2. 1,l=-Dincthylcyelopronane, with acetyl cliloride, was shom to
¥icld he=chloro=3,li=dimathyl=2«nsntanonn, identleal with the product from
2emohyl=2=butane and acetyl chlorida,

3¢ Tho procduct from the reuctlion of cyclopropyl cldorldie with acotyl
cileorids was too unstable to be distillacd; aftar dehydrohsloganation
with sodium bicarbonate it guve L-chloro=j-mcthyl=3<butan=2=one., The
orizinel product was 108t 1iely L,L<C leliloro=3=nciliyl-2=tutanona,
A ex2] grount of additionol chlorokcione wus cbtained bub not identified,
1,l="ichlorocyclopropans roucted glovly with ecotyl chloride to yleld a
small amount of an unstablo unsaturated chloroketone which wms not
icomtifiad,

Le Phagyl cyelopropanc ws aceiylotad to p=cyclopropyl acetophenons
in good yleld.
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€. Chlomoacatyl chlorils, with colopropan, gave bolli 1—ciloso-
Jemaivyl=3<butem~2=cne and 1,5~2c!dore~2-ncatanons, corrocponding to the

roarraryed and norrol struntares,

6o t=Cutyl chlorida reacted with cyclopronzne to glve a low ylold
of nired aligyl halidos whiich could not be soperated. The mein fractions
corresponded to a molecular fortula C,li;5C1,

7+ Sulforyl Lxlilos did not yicld uny eijmilicant esoual of procuct

wita cyclopropane,

8. No product was icolaind from the reaction of acetyl perchlorate
with a cyclopronans in nitromothans, but l,l-dme'ih;,'lcycloyrq;nna gavo a
sall yisld of 3,i~Cimctiyl=3-ponten-2-ono, isolated as 1ts 2,L~Cinitroe
phanylhydrazone,

9. The mochanisa of tha acylatica of cyrlegropans hos beon discusased

in ths 1ight of thicse recults,
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IIZ0DICTION

™8 racxilcctlon of opiically active (l=chlorogtiyl)benzxa has
tom observed in polar solvarts such as licuid suldwr Cimdde (X)) and
foric ecid (72) and in non-polar solvarris sach as carbon ‘bxtmchloridel
(%) or banzmwo (£7) providad Lowis acidé are proszmt, Thus with phienol
i bxizms, tho roecadoation wes faud to b £irst ordor with respect to
pumcl and firet ordor with reorect to s chlorids (57). 2=(1l«Chloroe
Uy l)aosiylme racoaizad walrolocularly oven in acotons (68). Although
it has voon gmaxclly prosuaxd that the racenizsotion procecols by a ratoe
dotrrminiag londsation of thia corbon=eiilorilo bond, tho Lportance of the
poeslbla equlillytirn of tio c&*qoz;*.mn ioa thws formad with giyrens and
a proton has not bom evaluatod, and earlix workers (%) ascribad the
racadzatlon to t.is cquilibrina,

[ J
S e
@ "7 - : * -
CII Tls 'Y Cl agm—asly O-CE.’CII. + H * CI

——
Hoald and Williams (65) have showm that hydrogen chloricde adds to styreme
in carbon tetrachloride containing stannic chloride at a rate (k = 123 x
10~ mol, 1..1 xzﬂ.n..x) which 43 comparabls wilh tho rate at which the
ciloride racaxizes in the sane medium (k = 108 x 1’.)" mol, 1..1 min..l).

Iowrwar, BSime end Ciering (77) bave clainod that the rate of addition of
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Koo cllordide to ei5ma3 is too slow Yo eplain tiie mcaulzatlon,

In enlx o evaluato s Liportance of styrens in the recomizatlon
proccos, the axhanss of (l=chlorosiiylel,?,2«d,)benzame with phanol wos
soudiad, Tmg, 12 tho equiliorium lLwolving siyrono wore irportant,

20 Gautarilum contait of tha ¢.1lorlls #wuld docroass since the exchange
betucen doutarium chloride and phanol 48 Imowm to be rapid and ertansive
(12).
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Placoyyl Tartaric Anhydride

) Y
" Y 4
Ci; «Cal=Cti=C

0 )
M e
- CllgeG=0=CHC <

0

This eopord w8 prepared by the method of Wohl and Ostarlin (72).
To a nlsturo of 220 ml, of acoilo anhydride and L ml. of concentratad
palfurio acid was addad 100 g. (0.55 wole) of tartarie acid poriiom:ise
with shalrdine, The mixzhure, vhich became werm during the addition, wms
ellowed to starnd for sevarel mimtes and then heated on a etoanm bath for
cao=half hour, alter which tLlao 4t w3 eoolad in an ice bath., Tho erystals
tinis o:xtained wers removed by filtration and wnchod with eoveral smll
poridons of cold berzme and dricd, Tha product (200 g., 917) moltod at
1L5°.  (1it. valuo, 132°) (72).

Proparation of Caxhon Suboxida by t13 Pyrolysis of
Tiacetyl Tortarie Angxiride

O=CaCouCu0

Th9 procedure used wua thct daseribod by Purd and Pilgrim (73).
A Pyrex conbustion tuba of one cn. imar diamctor and sirxty cm. lsngta
w3 saclad to0 tho s1do amm of a 125 nl, cictilling flask which was
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egairped with a cropplng fumel whiwss tip w3 draim to & cepillary, T
cabustion 2 wus comectod to & "T=Junction®™ 89 arranpod tlat a flask
w3 comnoctad benaotha it for eollecting liguid byeoroducts, and a wtor
cooled condemoor lead vortically froa the "Tn, A eories of tiw cdry ico
traps, waich actod as recelvara for tho dssired carbon suboxide wors
comactad to the top of tha condemsxr, Any gusss not condansod ware
pessed through a trap containing aniline and into the hood. Tho racctlon
tube was heatod to 625<52°C. Cne hundred grams of diacetyl tartaric
atycris ws pleced 4n €20 £lask and hoatod to 150° on &n ofl bath,
Varcury was thon edded throuzh tha dropping funnel et a constant rate
during b hours to float the 1iguiflsd reagant into the pyrolysis tube.
The procedure ws ropaatcd sovaral tlnmos until a total of 30 g. of carbon
suboride was collectad. Tho averazs yiold of carbon suboxids wms 7 t0 9
ge poe 120 g, of the matoriil pyrolyszed. Tus carbon suboclds was stored
at =73°C with & small amownd of y<roquinons until a suficiont quantity
was obtainad for the succooding rcacticn.

alonlc=dg=acid<ig
[0 L=CD,=C0QD

Thls compound was obiainsd using the procedure dascribed by Izlford
and Anderson (7L). Carbon suboride (30 g.p O.LlL moles) obtained in the
provious step was distilled back and forth tircugh an axcess of douteriun
oidn (Stuart Qxygon Co., San Francisco, Colif, 99.657, Dg0) until all
of the subatide had reactod, A consilurable amount of polymerization of






83

the subadde took place oa the walls of ths containars and espocially at
stopcocks, The excass deutorim ovlde was removed by evaporation i yncuo
at 30=70° and the malonis acid resicue was pyrolyzad without purifie
catlon,

Acetlo-d;-acid-d
CD5C0gD

Tho mothod described by Ealford and Andersem (7L) was wsed. Tho
dnoterated mlonic acid was thoroughly éried bty hoating e 100°/1 wm,
in the first bulb of an spparatus eonsisting of #wo small Pyrex bulbs
followod by a phosphorus pantoxile tube avoiding rubber somnoctions,.
Tmarsion of the firet talb in an eil bath at 140-150° brought abowt the
docorposition and the acetioed;=ascid-d was collected in the socond tube
shich was of the bubbler type, coolad to 0°, Thore wus cbtained 9 g, of
scoticed;macided, bupay o 119<120°, & 327 ylald based on tho carbon

Acetyl=d <Chloride

Right grams (0.172 equiv.) of phosjhorus trichloride wes addod drop=-
wise o 8,7 ge (0,136 mola) of acetic =dy=acideds The mixturs was warmod
1o Lo=50° for cnohalf hour and the dacized product, 8.6 g. (802), was
than distilled under atmospheric pressure ab 5152°,
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Acetophonond=c ,u,n=d,

Q-cc-c., s

To LI g. of banzeans mixed with 15 g. (0.11 mole) of anhydrous
alunimm chloride wus addad dropwisa & solution of 86,6 ge (0.105 mole)
of acatyled;=chlorids in 20 g. of bonzone, Aftar tho addition wes com=
ploted, the mixturs was warned t0 £3° for ono hour and allowed to stand
8% roon tarparature for two hours, It w3 poured into 150 g. of ics and
€9 orgzanic layer wmshed with wetor uniil noutral to litms, The bonzone
layoer was drisd over calcium chlorids and dacanted., Aftar romoval of
tho benzene ad reduced pressure, 9.7 g. (765) of the desired product,
Bepes ot 199253%, 02 15350 (114, valaa, Y 1.5L31), ws obtainod,

Ths product was analyzad by mass spectrograph.

An~l, Founds acetophenmmowr,e,o=d; 90.9 & 0.57

acetophenone=a,a=dg 9.1 * 0,57

e=tiethyl=d,~bonsyl aleohol

Qazxoz-z-cna

T0 1.2 ge (0.0325 mola) of 1ithium alwnims hydride in 50 ml. of
an'yyérous ethyl ether, under a nitrogon atmosphere, a solution of 9.7 g.
(0.C31 mole) of acetophencne=a,c,a«d; in 20 ml. of anhydrous ether was
aldded dropwise with stirring, Tae mixture was stirred for cne=half hour
aftor the addition was corpleted and then cooled to 0°C. Hater was then
added very slowly to form two layers. The etior layer was docanted and
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(1

the water layar extracted with an acdditional 25 ml, of ether, Tho comw
bined ethereal portions were dried over megnesium sulfate and decantad,
Aftor evaporation of the eiher thera was distilled 9 g. (91%) of
a=mothyled;benzyl aloohol, b.p.s 75-80%, 02 1.£211 (1it, vale, n’?
1.5232 for the non=deuteratsd carbinol) (75).

(1=Chloroetlyl=2,2,2-d; Ybenzene

O—czm—cp,

The ﬁmcedure used was that described by Splisthoff (75)e To 9.1
mle (0,125 moles) of freshly distilled thionyl chloride 1na 25 ml,
round botton flask was addod dropwise 9 g. (0.075 mole) of e-metiyleds=
benzyl alcohol at roow temperature, After one-half hour the excess
thionyl chlorice was stripped off under reduced pressure and 9.6 g. (327)
of (1-chloroctiyle2,2,2+¢; banzams, bupeyy 7575 52 1.52U8 ws dise
tilled,

(1=Chloroethyl=2,2,2~d; Jbenzene with Phenol in Benzene

This eporiment was carried out in the manner previously showm to
racaiize optically active chloride from an original rotation of «47.7°
to a final rotation of 21,17 (75). Into a L x 1 glass-stoppered test
tube equipped with a stopcock wns piaced 5 ml. of 4«32 M., triply distilled
puaol in benzene sclvent, The tube was cooled to «70° and § ml, of
3.5 M(1=chloroathyl=2,2,2-d; )bonzens in benzene was added, The test
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tube was than degnssod and placed in a thermostattod bath at §2° + 0.5°,
Aftar two mimutes tiie container was rauoved and shaken and them allowed
to stand ia the bath for a total of 34 mimutes, The mixture was then
poured into 25 ml, of 5§ N sodium hydroxide and 25 ml, of benzone, shaken
and extracted, The benzens layer was washed twice with 25-ml. portions
of 3 ¥ sodium hydroxide and 5 times with 10wml, portions of wter. The
bonzene solution was dried over sodium sulfate and after removal of the
banzens, 1.3 g. (602 recovary) of chloride distilled, b.p.ye 75°.

}as3 spectromatric analyses of tha deuterated compounds were carrioed
out by Dr, C., E, Johnson and Mr, S, Moyarson of Stancard 011 Company of
Indiana according to a metiwd reported by Hr, Meyerson (75).
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The dauteratod caloride used in this stucdy w3 prepared according
0 the following schauct

HO0G =GR =CIICTI=C X czz_.,-coo-czx-c:’:

CH3=COO-CH=CY

0

Pyrolysis
0Dy =CO0D @BEONELS 10y ulDyeCOD il  OmC=C=C=0
5001,

CD,=CO0L ';Cﬁ‘:'f," CDy=CO=Cqlly Liilde  CD,=CHGIC4l,
l SC1e
CD,=CCL=C ey

Tha ciilorids tims obtainod w3 allowed to go through one racemization
half 1ifs, Using a deuteriun icotopoe effect of 1.29 the time allowed was
ocuilvalent to that requirod for forty porcant racamization for the
doutcaratod corpound.  (Lewts and Coppinger (77) have shown that the kh./kD

ratio for the acotolysis of p=(l=chloroctiyle=2,2,2-d,) toluene is 1.20,)

Tu0 rogults as shown in Tabls IT indlcate that undar the conditions
of thess eparinants, the formation of efyrens as an intermediats is not
Limortant in the racenisation.
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