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Abstract:

A method has been devised for the synthesis of 5,5-didenterohexanone-2. The synthesis is
characterized by introduction of the deuterium through interchange with the active hydrogens of
methylmalonic acid. The acid, containing the deuterium, is then decarboxylated and reduced to
2,2-dideutero-propanol-1 with lithtum aluminum hydride. The 2,2-dideuteropropanol-1 is converted to
2,2-dideutero-1-chloropropane which is used for a standard acetoacetic ester synthesis of the desired
ketone Several other routes for the synthesis were investigated, and the results of these trials are
discussed.
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A method has been devised for the synthesis of 5.5-dideuterohexarone~2.
The synthesis is characterized by introduction of the deuterium through in-
terchange w1th the actlve hydrogens of methylmalonic acid. The acid, con=
taining the deuterium, “is then decarboxylated and reduced to 2, 2-d1deutero—
propanol~l with lithium aluminum hydride. The 2,2-dideuteropropanel~l is
converted to 2,2-dideutero-l-chlorepropane which is used for a standard
acetoacetic ester synthesis of the desired keton,

Several other routes for the synthesis were 1nvest1gated, and the re-
sults of these trlals are discussed.
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Deu#erated orgénic compounds havé become increasingly ﬁseful in the in-
vestigation of the course and mechanism of organic’ reactions., One of tﬁel
problems enéountered in such wqu ié the syﬁthesis of the sﬂartiﬁg matefialz‘
properly labeled by replacement ofvcertain gpecific hydrogen atoms of the
compound with deuterigm. This paper deals with the development of one such
synthesis. Included in thé discussion are the results of varioué trials
which, although unsuccessful in the desired results, are of interest because
of the nature and scope of the reactions themselves.

Three general methods for the preparation of S,S-Qideutgrohaxanone-z

The initial prgposal (Reaction Sequence ;) utilized methyl malon;é acid
for the introduétion of the deuteriuﬁ by -means qf @euﬁerium oxidef \Tﬁe _
deutergbed.product (I) was then decarbbxylated to form propionic aci@ (1),
and the acid converted to an acyl halide (III)f Two successive Arndt- :
Eistert reactions were considered as a means of prodﬁcing va}eramidé (VII)
in which the deuterated methylene group would“appear in the gaﬁma positiéﬁ,
An orgénocadmium reaction could then.be ubilized fér,the conversion of the
valeramide to the desired ketone (IX). R _ S

' The second method (Reaction Sequence 2) sought to by-pass difficulties
encountered in carr&ing out the sebopd of_tﬁe'Arndt-Eistert synthesis as'
proposed in Reaction Sequence 1. The-deuteraﬁe@ butyramide (IV) was to be
obtained exactly as in the previous method, whereuﬁon it was to ﬁe convertQ
ed to propyl bromide (XI), Two methods of bromide production were investi-

gated, The first method involved a Hoffman hypobromite reaction to produce
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Propyl amine, followed by treatment with benzoyl chleride and phosphorus
pentabromide to give propyl bromidei The second procedure reéuired the
production of the silver salt of -butyrie acid from.which propyl bromide -
was obtained by treatment with bromine. The propyl bromide ceuld then -
“be used via an acetoacetic ester synthesis for the production of the '5,5-
dideuterohexanone-2.

The.third method (Reaction.Sequence 3) which became apparent only
after Reaction‘Sequences 1l and 2 had>proven unsatisfactory for reasons dis-
cussed'in subsequent portions of this thesis, -is in the form of a proposal.
Time did not permit the actual experimental investigation of this reaction
sequence. However, the synthes1s is considered to be entirely feas1ble
since all of the individual reactions have been demonstrated by other in-
| vestigators. Thelinitial introduction of deuterium would again be achieved
| through interchange as illustrated in Reaction Segquence I. The methylmalon-
ic acid thus obtaned could then be decarboxylated to yield 2,2-dideutero-
propanoic acid which, when reduced with lithium aluminum hydride should
give 2,2-dideuteropropanol-l. The 2,2Qdideuteropropanol-l could be con-
verted to 2,2-dideutero-l-chloropropane which would be a suitable starting
material for a standard acetoacetic ester synthesis of the desired ketone.

| - This last procedure would, in all probability, prove to be the most
convenient and economical method of preparation for the desired ketone.‘
However, valuable information was obtained from the prev1ously outlined -
methods, and the significance of ‘these trials will be discussed.

The fourth procedure, in- reality, should not be grouped with the prev-

ious methods. Prior to the development of Redction Sequence 3 the problems
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involved in the preparation‘of 5,5-dideuterohexanone-2 seemed,almoét insur-
mountab;e insofar eS‘a practieel synthesis Was concerned. 5-deuterohexanene-'
2 (XXIII),;altﬁOugh not as desirable eé‘5,5—dideﬁ£erohexgnope-2, was consid-
.‘ered eqifable for the inteﬁded traeer experiments and a possibie synthesis
.(Reaction Seqpence h) of this comround was prbposed., Allyl bromide wes to
be converted to allylacetone (XVIII) through an acetoacetic ester condensa-
tion, followed by hydrolysis and decarboxylatlon. It Was hoped that a hydro-
.halogenated ketal (XX).could be obtalned by treating ellylacetone with ethyl-
_orthoformate. A Grignard reagent (XXT) could then be obtained from the
hydrohalogenated ketal and such Grignard reagent reacted'with deuﬁerium
oxide to give a monodeﬁterated ketal (xx11).. Hydrolrsis of the deuterated
ketal would then" yield the 5- deuterohexanone—z.

This procedure failed and the reasons for such failure as well as the
adventages in the method of degterihm introduction will be discussed in-the

}
next section.
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THEORETICAL DISCUSSION

The inifial éonsideration in the prepération of any deuteréted compound
is thg introéucfion of deuterium into the desired position or at least into
a position such that éubseqﬁent reactions will result in the desired deuter-
ium placement. The problem reduces to the method of introduction of the
deuterium and’retention-of the deuterium by the carbon to which it is
initially bonded.

Tw§ methods for the introduction of deuterium into the desired inter-
‘medigtes were proposed. One method, involving an_interchangé‘rgaction be-~
tween deuterium oxide and methylmalonié‘acid, was investigated for its
applicabiliﬁy to Reaétion Seqﬁences 1, 2, and 3. The second method of intro-
duction, although never attempted, should prove to be a convenient method
for the economical introduction of deuterium. This méthqd, involving the

~ decomposition of a Grignard reageﬁt ﬁith deuterium oxide has‘beeﬁ illustrat-~ .
ed in Reaction Sequence 4 and will be mentiohed‘again with regard to this.
particuler synthesis. The interchange procedure was ddapted from pabers
by Holemsn and Clusius (26), and Halford and Anderson, (21)(22)(23) in which
the method of introduction and extent of 1nterchange are discussed J The
deuterated methylmalonic acid (I) is decarboxylated to yield. propionic acid
which should have deuterium in both alphe positions.

The-propiohic acid ﬁfo&uced by this method is reportedly about 95 pér
cent dideuterated. The yield was ce. S0 per cent of the theoretical when

. based on the methylmalonic acid. However, the deuterium oxlde is the crit-.:

ical maperial and the yleld 1s only abouﬁ 19 per cent of theoreticai on

thie basgis. This low yield, ds'referred to deuterium oxide is due to the
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necessarily 1arge excess of deuterium ox1de which is required to promote a
shift in the 1nterchange equilibrium so_that the methylmalonic acid is about
95 per cent in the deuterated form.

Reaction Sequence 1 utilizes 2,2~ dideuteropropan01c acid as outlined
in the. introduction. The series of reactions 1ndicated appeared to be a:
plau51ble route if tne diazomethane reaction‘(Arndt-Eistert Synthesis) could
be,utilized to introduce methylene groups between the deuterated carbon and
Ithe.terminal functionai group. A literature survey gave'no indication that
the Arndt-Eistert reaction had erer been successfully applied to an acyl
halide with fewer than five carbons in thé chain. It was decided, however,
to attempt-a pilot reaction using butyryl chloride; this reaction being
necessary in the course of the proposed procedure. The attempt was carried
out in accOrdance with established practices or'slight modifications thereof
for the Arndt-Eistert Synthesis (11), and failed in every case to yleld a
geparable product of valeramide, the expected compound. Attempts were also
made to modify the reaction to the extent of decomposing the diazoketone -
intermediate with water, rather than ammonia, thereby producing valeric acid
(ll) These trials were also failures. However, with every'attempt to
produce valeramide 8 characteristlc amide - odor was noted 80 that it was
| thought that the reaction nay have proceeded as expected but for some unknown=f
reason was not ylelding to isolation of the product. This then led to a
trial using similar conditions but employing propionyl chloride as the start-
ing reagent, Slight modifications in procedure (reaction time and amount of
solvent) produced a 46 per cent yield of butyramide. Repeated trials gave

yields which were consistently in the LO - 50 per cent range. It was assumed -
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that the deuterated methylene group, if it had been.unaltered.by this reac;

‘ fion, would not appear in the beta‘ﬁositioh and reactions which fo;lowed
veould'be performed without fear of rupfﬁring the desired carbpn—ﬁeuterium
bond. The retention of deirterium by the alpha carbon during the Arndt-
Eistert reaction is subject to séme doubt as indiecated by Lane, et;al° (28).
They attribute the racemlzatlon of a secondary assymmetric carbon ‘atom
attached to—the carbonyl group of diazomethyl ketone to a prellmlnary tauto-
merization of the diazomethyl ketone at the surface of the silver oxide caﬁ-.
alyst. This evidence, although in@ieative of “the lability of alpha deuter;,_
ium, is certainly nof proof of loss of the alpha deuterium aé it exists in‘
the opticall# iﬁactive systeﬁ.unde: question in this investigation. That. is,
although the tautomeriéation Qf egec-dideuferoethyldiazomethyl ketone is
_-llkely, it is equally probsble that the deuterium involved in the tautomer-
ization will, in the final analysis, be retained by the orlglnal carbon to
which it vwas bonded. 'The very lack of evidence with regard to retention of

| the deuterium.by ‘the alpha carbon left the way open for at 1east a trlal at~
tempt of . the Arndi-Eistert Synthesis to produce butyramide. -The investigamlon
was conbinued on the premise that Gg@\fdideuterobutyramide_(IV) was the pri-
mary pro&uct obtainéd from the action of ammonia anGCQQ-dideuteroéthyln .
dlazomethyl ketone. . -

With thls in mlnd, Reaction Sequence 1 was abandoned at thls point in
favor of an alternaxe proeednre (Reactlon Sequence 2) which would bypass the )
unsuqéessful prepgration o;t‘_valeram:n.de° ‘ The general plan was to convert the
butyramide to n-propyl bromide and then proceed with an acetoacetic ester

ketone synthesis. Two routes to convert to the bromide were investigated.
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As indicated by the e@a’.t‘igﬁs in Reaction Sequence 2, the firsﬁ method ,iﬁ-_
volves a Hoffman hypobromite deérad)ation (25) to produce propyl amine. The
amine ‘thus produeed ‘is 'bree:bed in a.ccofdance with the \Schotten-.Baumen and
von Braun Reactioﬁs,- in & Pashion similar %o that used by Leonsrd and Nommen-
sen (29) 'bo produce n-propyl brom:.de. The second series of reactions to pro-i

duce the bromide was a.dap'l:ed from a paper by Arnold and Morgan (7) in which

.they treated a ca.rbo:qulc acid to produce a s:.lver sa.lt and then converted

to the alkyl halide with bromine: This method necees‘itated the hydrolysis
of bubyramide 'i;o_butyric acid. An investigation of the hydrolysis methods

indicate that the acidic (HCl) and basic (NaOH) hydrolyses were aboutb equiv- .

alent, and that both were superior to the nitrous acid ;procedui*e., Reaction

'Sétj_uence 2 represents a plausible route to the prOduc‘bion of 5 ,S-dideutero-

hexanone-2. Theé procedure has the éextreme disadvantage inherent with the
many s%ep‘s :an"olved. Twelve distinct opera:l::.ons s excluding pur:.:f‘icat:.on
procedures, are im’rolved in obteining the product by the better combination
of rea.c'blons (Schotten—Bawnen and von Braun) taken from Reaction Sequence 2.
It is eviden'l; Trom 'bh:l.s “that the over-all yield is extremely low in spite of
relatively good‘per cent yield values Tor most~c_>f the individual reactions.

The question of the exact position of the deuterium was subject to gome

.doubt, however, and steps were taken to evolve -a proof as to their presence

at the bete position of 'i;he butjramide (1v). 1t wés known (32) that the

deutefium in 2-deuteropropene (XXV) could be ide’nj:ifiea‘ as such., This fact
providéd the basis fer a series of reactions intended to i'educe the butyra-
mide to propene for the purpose of deuterium identific¢ation. The re'a.ctions

were chosen so that on_'l.y (<] ,\3 ~dideuterobutyramide would result in 'l;he
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fproduc'l;ion of 2—deutero’propeﬁe. If it eould 'be proven that the s;ynthes:.s had
developed correctly to the point at which the deu‘berlum' was properly situated
in the beta position, it could be assumed that subsequent feactions would not
result in migration or exchange with hydrogen. The propene ﬁas@rodueéd from
butyramide through a Hoffman hypobromite degradation to propyl a.mine: and cc;n;'
version to the phosphg'ise salt (XXIv), vhich will undergo pyrolysis to yield

propene (24). The conversion route is indicated by the following equations.

-9 2 - a P .
ISR s
w | T x
S |
R e i

Rt - g CHNH, * HoPO), --":\‘,-‘-> 033‘-2;;32 +  NEDEPO,

Exhaustive rde‘bhyla:bion was also éttexﬁpted as a method obtaining the de-
sired propene a.p_d was found inferior to the phosphoric acid methc;d.

Reactiocn Seqaénee 2 for 'Ehe preparation of 5 ,B-dideuterohéxanone-»a was
carried through twi‘cé with weter, rather than deuterium oxide. Water was
used to insure the validity of "c.he syn‘bhes:Ls, Once the méthod was .v'consider-»
ed dependable, the errt:.re amount of available heavy water (25 g) was ubtilized
to prepare bﬁ:l;yramide .which was then converted to 2=-deuteropr_o_pene by the
' meﬁhod outlined sbove. In actuality thé ;éroduet .fprodue'ed ecould only be
aséumed to be 2-deuteropropene and had beén .made for the express purposé of

checking for the proper deuterium substitution. The propeng was produced,
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but the a.na.ly-blcal .aid necessary for proof of 2-deuteropropene structure
proveci unattaiﬁable; ~ The entire method of ;prepa.ratiém immedistely collapsed
due to the doubtful nature of deuterium placement along wi'ﬁh the extremely |
low over;all yields. |

Reaction Seq;u.ence 4 was the immedizte outgrowth of these previous fa:.l:
ures. The syn'bhesis of 5,5~ dldeuterohexanone-z was a.bandoned in favor of a
proposed-seq;uence of reactions for the preparation of B-deuterohexanone-z
(XXIIIL ':he proceduré as outlined had one extremeiy advantageous feature
in that the deuterium was introduced by méa.ns of one of the last reactions.
Moreover, the deeémposition of the Grignax:d reagent (XXI) with heavy water,
followed by hydrolys:Ls of the ketal was e:mected o y:Leld. 5~ deuterohexanone—Q
at ca. 95 per cent of 'bheory (based on deu‘berlum oxide) The per cenb. y:Leld
of all foregoing reactlons thus became insignificant since ’the 1nd1ca.‘bed
startirig materials and all subsequent reagents are inexpensive as conmpeaired
to the cost of deuterium oxide. |

All of the reac:'blons were relatively untried bu's by adapbing procedures
taken from 'bhe limited literature (8)(9)(10)(10)(m)(27)(3h)(36)(37) syn~-
thesis was carr:n.ed through conveniently to the prepara'!s:.on of a,llylacetone
(XvIII). Allyl_a.cetoﬁe was. obtained in reproducible 20 per cent yields (based
on acetoacetic ester). The conversion of allylacetone to the ketal (x1x) was
doubtful due to the difficulty generally as;socia:bed with the prepé:ﬁ-ation of
ketals. This particular cé.se posed an additional problezﬁ in the h:.ghly reac-
tive charactqr of the unsaturated system W:L'th the r'esul'tant tendency towerd
polymerization under acid conditions. The ketal was o‘t;'bained, however, and

characterized by its boiling point and its ready hydrolysis back to a product
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which. couléi be identified as allylacetone. The series' of reackions was te‘x:m-'
_ inated by the failure to obtain the expected I;yﬂrohalogenated ketal (XX)
from the unsaturated ketal (XIX). With every attempt o add hydrogen chlor-
. ide; both before and after ketal formation, the polymerization tendency
previously noted took préc'eda:nce over ‘the norms.j. .additiono' The use of hy&ro;- '
quinone as an inhibitor was tried, but failed to prevent the formation of é
bla._ck, viscous material which increased in viscosity to the point of becom-
| ing a solid as hydrogen chloride.treatment was continued. The material thus
produced was soluble in ether from which a varnish-like residue ‘resulted upoh
evaporation o:f;j the - solvent.

_ Although time has not permitted the further stu_d'y of this reaction; a
detailed investigation coulid qai;be possibly result in a satisfactory hydro-
gen halide addition. Possibilitiés which would merit consideration are the
use of a.nother. hydrogen halide or variations of conditions a:long with the use
of other inhibitors. -

Chronologically, Reaction Sequences 1, 2, and Lt had resulted in failure
to’produce e;L sultably «ieutéra‘bed ketone. Evenbtuslly the procedure ilinstrat-
ed as Reaction Sequenée 3 was formulated. The seguence has gone éompletely
untried but, because of the aécumentation aveilable for the success of the
individval reactions, presents a very promising .ine‘bhod for the prgpaxa‘tion of
55 5-dideuterohemnone-&

The primary problem manifested by *the basic proposal of Reaction Seq--
ueﬁee 3 was 'bhe‘rteduetion of 2,»2~d1deu'teropropanom acid (IT) to the corres-
ponding alechol (XV) The deu'ber:mm substituents exist in the lsbile alpha

-_ positions and as such are extremely susceptlble to interchange m_th hydrogen.
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qut method of reduction involve _rathéf drastie conditions, or the use of
.aqueous ‘solutions, both .‘of which are to be avoided if the deuterium cdn.f"ig_: '
’ura‘l;,ion is.to be maintained. |

The use of lithium aluminum hydride o re&ucé the deuterated propionic
acid to the g:orresponding a‘,l.cohél was suggested by its use in the reduction
gf“ g.cetone-d6 to the related propanol. This work was carried out by C’ondo:n_
(14) and the eviidenee to .indica'be that no apﬁreciable deuterium-hydrogen ex-
- -change occ‘zufred was obtained from mass gpectra and infra-'-red data. Add;ition-a
-al information indicating the adaptebility of Lithium aluminum hydride to
the proposed"methcv)d stems from iﬁforma’bion proffered by Condon (13) to the
effect that a lithium alwninum hydride reduction of'é ,2-=-dideuteroproj;anoic
acid would not alter the alpha deutero cl.ox::f‘i‘.gura.‘t:,ion° The mildness of the
‘method is~ further indicated by its use in the 'reduetion' of various sugar
acids to glycitols ﬁherein the optical configuration of the alpha carbon in
the acid is identical to thabt of ;bhe glyeitol (31)0 The uée of lithium
" aluminum hydride as a.reducing agent for acids was first considered by Ny-
strom and Brown (33) who wbtilized it for the reduction of several carboxylié
acid with no apparent disﬁption in the alpha configuration. The use of
lithium aluminum hydride thus lends itself admirably to this particnler
reduction since the acid is actpt,aily're,dugzed in an ethereal solubtion dew_r'o‘i'a.
of water. The hydrqus,is Qf lithiﬁm‘ alumiﬁum propoxide (xIVv) .shou;.d 'offex“
n\o problem siﬁée a2t this point the ac;biva,_'bing carbonyl étmc‘bure is non=-
existant. | |

There exists some possibility that the structure of 'i;h_e" aleohol so pro-

duced would involve a deirber@xyl gréup vather than a hydroxyl struchture.
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This _possiﬁility is extremely slight sinece the fomﬁa‘tion of the intermediate
structure involves a displacemen’b of deuteriunm from the cieutercxﬁl group of
."bhe acid by a metal. The possibility of the deuteroxyl reforning arises
from the small amount of deu‘ber:.um which could conceivably be present and
w?:tich migh‘b cause some interchange when the me‘ballowderlvatlvg is hydrolyzed.
Howgver ; the consideration offers no practical problem since tThe next step
involves the conversion of the alecohel to an alkyl halide by ‘,replace.‘sm@nt of
the hydroxy (or deuteroxy) structure with a halide.

Attempts to produee halldes from alcohols containing adjacent deutero
groups have shown some 1nterchange of hydrogen and deuberium when acid con-
ditions prevailed (13). The method suggested by Cendon (13) which eliminated
this trouble in the case of & propane 1911193_:9:39‘3“‘16“01“2% could ‘be.readil:y'
applied to 2 ,a-aidegteropropano;-zi. The method involves the preparation
of halide‘s' from alechols by .'l:,he use of thionyl chloride in pyridine (25)(34)
(35) This method, which maintains é baéio cond:i.‘tion throughout the lprocess,
was first proposed by Darzens (17), and its a:pplma;bion by Whitmore (35) |
to produce aryl halides from alcohols without the preduetion of isomﬁzm adds
further supp@r'b to :Lts projected use in the moduction of 25 af-dideu'tcsro«»lw
chloropropsne (RVI) from 2;2 dideuteropropanol-l. The final steps of the
synthesis as 1llustrated in Reaction Seq_uent.e 3 utilize erﬂ;abl:.ahect Pro=
cedures :F“or the condensation of the deutera'l'ed propyl ‘chloride with ace'bo—
'a.c.e'bic ester followed by hyd:z'olysia and. decarboxylation to produce the de-
sired ketone. E['hea d.euterium exights in a sta‘ble con:l?lgum,tion in 2,2~dldeut- ‘
ero~l-chloropropane which mekes mlgretion er exchagge of deuterium lmprobable

in all subsequent reactlons. The reactions are all erbxa,nda;pd procedures
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which leads fo the eonclusion that this reaction segpepce-could be used for
the production of 5,5-dideuterohexanone-2° The product should be reason-

ably free of any nondeuterated or undesirably deuterated structures.
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EXPERTMENTAL

A. Preparation of ethyl ethoxalylpropionate (15).

69 g (3 g atoms) of sodium was powdered!ﬁy warming with xylene in a three
liter 3-necked flask° When thé sodium had melted, the flask was stoppered
and shakén-Vigorously'uﬁtil the sodium reverfed to a solid. The cooled
xylene was decanted and the powdered sodium washed twiée with small portioﬁs
- of dry ether (previously dryed with- sedium and distilled). |

One litef of-absolute_ethef_(drygdjwith sodium) was added to the ﬁow~
dered sodium, and the flask fitted with a ﬁercury‘sealed stirrer, reflux

condenser, and dropping funngl (drying tubes wer necessary on all openings
to the air). . ‘ ' .

138 g (175 ml, 3 moles) of absolute ethyl alcohol (aryed by Qistillation
from sqdium) was added fromAthé funnel dropwise. 'This addition required & o
6 hours and was aécompanied by coﬁétant stirring of the mixture. After addi-
tion of the alechol and when no unchanged sodiﬁm remained, the flask was im-
mersed in an icé~wa£er bath and éllowed to cool completely. 306 g (3 moles )
of ethyl propionate was mixed with 438 g of ethyloxylate and the mixture was
ad@ed.élowly througﬁ the droppiné fumel. This éddition was made slowly sé
that the ether did not reflux.

After the ester mixture had been added, the stirrer'waé removed, and.
the flask fitted with a condenser for downward distillation. The ether and
-the alcohol formed in tﬁe reaction.were removed by heatihg on é water bath.
ﬁeating was discontinued when a‘yellow séum'had formed on thé surfac@ of the
‘red, viscous layer. This layer usually solidified on coqling and after cool-

.ing it was treated with 600 ml of cold 33 per cent acetic aecid solution.
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"This mi:;ture-was allowed to stand fof several hours with occasional shaeking .
to_ decompose the sodium derivetive completel;s.ro fl'he produgt was extracted
with four 500 ml portions of ,éther and the combined ether éxtracts were wash-
c_ed ‘successively_w:i.th(looo ml of water, two 500 ml portions oi"’ 10 per cent
sodium bicarbonate sQluf;ion, and.firlzally with 1000 ml of water. The ether
was then removed by distillation fiom & steam ba‘bh, and the residue fraction-
ated to obtain the product. The fractlonation was carried out with an oil
bath and a heated colum, collecting the fraction boiling 114 - 116°/10 mn.

The yield varied from 363 %o 425 g or 60 to TO per cent of theory.

B. Preparation of diethylmethylmalonate (16).

345 .¢ '(177 moles) of e‘;;hylethdxalyl propionate, b.p. 114 to 116°/10 mm
was placed in a round bottom flask fi'l';ted with a reflux condenser and a ther-
mometer suspended from the 'Eop of the condenser such that it was immersed in
the material ﬁthin the flask., The flask was then heated sloﬁrly wutil & vig-
orous evolution of carbon monoxide began (130 - 150°C). | The tempersture of
the iiq_uid was gradually increased as the gas evolu"bion diminished, with
eventual refluxing to insure complete elimination of caarboh monoxide. fI.‘he
diethylmethylmslonste vas then distilled and the produch poiling &t 189 -
‘19300/6010 mn was éollected'. The yield was 260 g or 95 per cent of theory.

C. Preparation of methyl malonic acid (20).

96 g of diethylmethyl malonate was poured ir; ‘small portions, with shak-
ing, into a .round bottom flask containing a cooled so_lutfioﬁ of potassium hy- -
droxide (76 g in 100 ml of wéﬁer)o The flask was Fitted with a reflux con-
denser and the emulsion which was first formed soon set to a solid mass of

ethyl porassium methylmalonate as the mixbture cooled. The mixbure was then
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" heated on a gently boiling water bath tm'hii hydr.ollysis set in i@*i:&;h 8 vig-
orous evolﬁt:’.@n of heat. Heating was conbinued m:rl:ii the layer éf oil had
disappeared (or until the layer no :f.onéer décreased). 'Z.l’.’he flask was then
allowed to 'cool aﬁd the solid paste obtained was extracted with two ;pox;‘é;ions
of ether in order to remove any res:.dual ester which may have esesped hy-
p'irolys:.s. The e‘l‘;her vas decanted and 'bhe flask cooled in an ic@ bath. When
cooled, 'bhe paste was made acid to congo pa:per by addition of’ ca. 6 N hydro-
chlorlc acid. The acid solution was e%racted with five 1ndlv1dua1 125 ml
por'l;lons of ether and the combined e'cher exm:acts dried over sodlum sulfate.
The ether was removed by distillation and methyl maloniec acld was caused to
erystallize from the residue by cooling and rubblng the sides of '!;he conbain-
er. The methylmalonic acid can be purified by r@erystgllizing’ firom benzene.
This purification re'qﬁirees large' guantities of benzene and is ﬁot very effic-
ient and it was found umnecessary for conversion of the methylmalonie acid
to propionic acid. |

An additional amount (cé, 9 g) of product was obtained by dissolving
the mother liguor in ether.a:nd then adding an egual smount of benzene. Any
oil which separated was separated from the mixbture, dissolved in mor;e ether,
and equal amounts of benzene zgain added. -The solution was allat»%ea to evap-
orate to 5 1o lO ml whereupon crysta,lllza'*'lon occurred or was induced H'by b=
bing the sides. of the besker. Hygroscopic 1mpurit1e which appesr at- ﬂns
point are removed by washing with several 10 ml portions of henzense. ”B,w
crystals thus obtained were iden;cified as methylmelonic acid by means of
mixed melting point witl_l the crystals obtaiﬂed in the original fashion.

The average yield was 36 per cent.
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_ The g,irerage yield by means of the ciescrib.ed recovery procedure was
.50 per cent.

D. Introduction of deuterium and decarboxylation to yield 2,2-dideutero-

propenoic acid (26).

16 g of me'bhyl malonic acid was dissgolved in 12 g deutex;ium oxidé and
immediately sealed in a heavy p‘yrex test tube. The test tube was then sus-
pended in a vapor ba*h of acetone which weintained a temperature of cd. 5? ¢
(640 to 660 mm :pn:'e.ssm.re)° The reaction was allowed to proceed in this manner

.:E‘of eight hours at which time the sealed tube waé removed and allc:wed to cool.
The tube was then.opened and ;bube fitted with a étopjper and an access tube
which was coﬁnected to a vacuum whereby the solvent cculd be evaporated.

The solvent was comple’telj removed and the tube again reecl':.arged with 12 g of

"~ deuterium 6xide B resea;ed, and placed in the vapor "bheﬁnestat for an addition- -
8l eight to ten hours. The t'ube wag again allowved to cool at the end of this
period end the solvent reamoved in @xactly the seme manner as before. The
deu'bera'bed methyl mslonic acid was then subjected o decarbomlation by hea’c;-»
ing the material in a small flesk fitted with a specially designed reflux
condenser (Fig. A). . An oil bai?h was used and heated to meintain a reasonable
rate of carbon dioxide evolution. The hesting wes continued until carbon -
dioxide evolu’bion ceased, and the maferial was then distilled from the sane
apperatus. The “;yiezld o:ﬁ"E;EQ-didau'bempropanoic aclid was about 19 o 20 pér

cent theory when referred to the deuterium oxide ubilized.
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Figure A

E. Pre-paration of 2,2-dideuteropropanoyl chloride (< << -Aideuteropro|2_gnL

chloride) (26).

The decarboxylation of the deuterated methyl malonic acid was carried
out in the flask to he used for the preparation of 2,2-dideuteropropanoyl
chloride, (Fig- A) and it was unnecessary to purify the material. Trial
runs indicated that the yield would be approximately 6 to 7 g and the sub-
sequent reagent additions were made on this basis.

5.0 g (0.066 mole) of phosphorus trichloride was added dropwise to the
propionic acid in the reaction flask (ca. 7.0 g; 0.09 mole), mixed, and

allowed to stand one-half hour. The water bath was then heated at W - 50%

for one hour to insure completion of the reaction which was indicated by sep-

aration into two layers. An oil hath was not substituted for the water bath,

and the reaction mixture heated in such a manner that the upper layer was
completely distilled. The distillate thus obtained was redistilled to yield.
2 ,2-dideuteropropanoyl chloride in approximately 70 per cent yield.
F. Preparation of N-Mtrosomethylurea (3)-

a. A solution of kO g (I mole) of sodium hydroxide in 1.8 ml of water

was added dropwise, and with hand stirring, to a solution of 59 S Cl molt)

of acetamide in 88 g (0.55 mole) of bromine in a four liter beaker. Gentle
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heating on a steam bath aided in dissolving "thelaeetamide but care had to be '
exercised to prevent loss” of bromine. The resultin;g yellow reacti'on mixture

was heated on a steam bath until effervescence ‘se'l‘: in, after which the heating
was continued for an additional 't‘WO or three minutes. Crystallization of the
fgroduct from ﬂl::he yellow to red colore_‘d solution usually started immediately,
and was completed by cooling in an ice bath for one hour. When the solu'l':ion
was clolorless at this ppint the product was slower in crystallizing, contained
more sodium bromide, apd gave lower ylelds, therefore, a slight éxcess of
'brominé was maintained. The weight of the white crys‘bailine acetylmethylures
‘obtained by filtration and air drying varied from 59 to 52 g (81L - 90 per -ecent’
'bh.eox"y‘) and. had a melting point of 169 -'lTOOC., After the initial prepara-
tions the material was used iwthout dry:.ng I:E“or. ‘the pfepération of N-nitro-
somethylurea. ‘ | _ .

b. A mixture of 49 g (0.42 mole) acetylmethylures and 56 ml of cone.
hydrochiorie acid was heated on a steam bath until it was 'appareﬁt that no

" more soli_é yould dissolve. (Thre crude acetylmethylures contains some sod-

- fum bromide which appears as a vhite crystalline material inso]_.uble in conc.
hydrochloric acid. The sodium bromide dissolved when the selﬁtion was dilubed
and had no effect upon the subsequent treatment with sodium nitrite). Heat-
ing was éon’biﬁued for three or four minute-s 1oﬁger (total time on the steam
bath was ei.‘ght.to twelve minutes), after which 'fbhe,_solutiqn was diluted with
'a.n' equal volume.of water and cooled below lO?C in an ice bath. A ’cold sa.'bml
urated solu'l;ioﬁ sf 38 g (0.55 mole) of sodium nitrite in 55 ml of water was
then added-dropwise and wi'bh stirring. This addition resulted in consider-

able frothing and had to be conducted slo3ly and in a large besker. The
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‘ mime wag allowed to remain in the ice bath i‘of teﬁ to fifteen iaimz.fes .
o.i”tor all the sodium nitrite had been added. The ﬁ-nitrosome’thylurea was

. then filtered with suction and washed with about 10 ml of 'ieo wa‘bef. “Alr

| drying gave 33 to 36 g (76 to 82 per cent theory) of N-nitrosomethylures as
pure yellow crystals melting at 123 - 124, |

G. Preparat:.on of diazomethane (2)

| To 300 ml of dry ether (dl‘led by dlstllllng from sodlum) was added 90
ml of 40 per cent potassium hydroxide and the mixture cooled to 5 %¢. To this 2
with continued _cooling' a:.nd shaking_,' was added 28.2 g of finely powdered nitro-
somethylurea in-small portions. The deep yellow ether layer was readily de-
canted. The ether layer con"balned about 8.4 g of dlazomethane s together
with some dissolved impurities and water. The water was removed by drying
for three to :E‘our hours over solid potassium hydroxide pellets.

H. Preparation of @ ,@ -dideuterobutyramide (1l).

6 g of -2,2~dideuteropropanoyl chloride was addeo drop\';vise to the diazo-
methane-ether solution from G. After all signs of reaction had ceased, the
solution was treated with 15 ml of 10 per cent silver nitrate solubtion and
28 ml of cone.’ ammonium hydroxige, after which the mixture was shaken ;per:.od-
ically and allowed to ‘stand for twelve to eighteen hours. After this time
the mixture was filtered to remove the _precip‘i"ba‘ted silver products and the
filtrate decolorized by heating with Nor:.te and repeatlng the flltratlon.

The ether and water were then removed by evapora‘blon in a vacuum and the
crude ¢.0 —dldeuterobutyra@itle distilled to yield ca. 2.5 g of e )9 -c':t:.-
| deu‘bérobuty;ramide , b.p. 210 -212°C/640 m1m. The crude 'butyramicle was gen-
erally used with distillation for conversion to 2‘,é-di&eutero-l;bromopropape s

or to 2-deuteropropene-1.
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I. Preparation of 2,2-dideutero-1l-aminopropane (25).

18.% g of bromine was dissolved in a solution of 2h.7 g of potassium
hydroxide in 400 ml of water and the résulting solution was addclad‘to 10 g
of .@,@ ~dideuterobutyramide, heated rapidly to. boiling, -and; distilled in-
to 50 ml of water until appx;oximately two~thirds of the material had been
aistilled, The propyl amine waé not isolated but was utilized for further
reactions aé it appeared in this a’q,uéous solution. In the previocus work the
propyl amine had beén isplated and condensed with a dry-ice aé::etone condenger
in order to establish its identity. | | |

J. Prega.ratlon of uN-(2,2- d:.deutero-l-—propyl)benzemlde) (29).

The distillate of 2, 2-d1deutero l-amlnopropane as obtalned from 10 g
of @,@ -dideuterobutyramide (2 ,2—dideuterobutanamide) was treated immed-
iately upon completien ’of the distillation with a solution of 5.8 g of
potassium hydroxide dissolved in 12 ml eflwa'ber, 1'6;8 g of beunzoylchloride
was thén added dropwise and with stirring to the basic mixbture. This resul't-
ed in preclpltat:.on of 1\T—(2 2-dideutero- l-propy])banzamlde which was purified
by vacuun distillation. The product was used withoud f‘urther eharacterlza-
tion or ;purificafion to produce the dezired 2,2-dideutero-l-bromopropane.

K. Preparation of 2 2-dideutero-1-bromo propane (29).

. 16.3 g (0.1 mole) of N-(2,2-dideutero-l-propyl) benzamide was mixed in
equimolar amounts with phosiahorus pentafromide by adding 27 g (0.1 mole) of
phosphorus tribromide and 16 g (Q.l mole) of bromine to the amidé while
cooling in an icé bath aﬁd with constent stirring. The mixture was then
heated and dis"l;iiled direc‘bly"from the 3-necked flask onto cracked ice.

The distillate was distilled onto the ice to destroy any excess phosphorous
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pen‘_babrqzﬁide and .allow‘ed 1;0 cone to room température to allow the slow hy- '
drg)lysis of any phosphorous oxybromide. The mixture was then warmed for
several minuteé to insure the complete hydrolysis of phosphorous oxybromide,
and -then washed with water ’ concen‘brated ‘éulffurie' acid, water, sodium biear-
bonate, and finally twice with water. The bromide layer was then drawn off,
dried over calcium chloride and distilled. The product weighed about 2.5 g
and 15oiled at 67 - 68°C. The yield was about 20 per cent- of theory. |

L. Preparation of the phosphate salt of g,2~'dideutero-l-é.minopropane (2k).

The 2,2-dideu'bero-l-aminopropane. from (I) was steam distilled in'bo'a;
phosphorie aeid solution of 8 g of syrupy phosphoric aeid disso'lved in 12 ml
" of water thereby producing the desired phosphate salt which was recovered by
vacuum evaporation to dryness. Comple erystallization is induced by washing
with a small amount of 95 per cent alecohol ar:1d filter:inga The_ product was
air dryed and the yield was approximately 20 per cent ‘of theory.

M. Preparation of 2-deuteropropene-1 (2L).

The phosphate salt from (L) was pyrolized by gradual heating in the in-
dicated apparatus. The products evolved on pyrolysis were cooled and passed
through .a Geissler tube .con'bain:‘i.ng 50 per cent hydrochloric acid in-order to
insure the removal .éf all nitrogenous bases. The propene was collected and
measured by mea};ls of the pressﬁré changes indicé.,ted by the msnometer.

Preliminary studies ihdicafed the product to be propene as evidenced
by -& bromine addition derivative as well as 'l‘;h_e boiling péin'b of the gas iﬁ:-
self. The broﬁine addition product had a boiling i)oint of 139 -.142°¢ which
compares faverably with the 141.6°C boiling point of 1,2 -dibromoi:ropane. The
boiling point of.the gas was establiéiles as -46°¢ to -48% wth a low tempera-

ture distiilation column.
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To ygeuuro pump

50% HCI

N. Preparation of ethylallylaoetoacetate (30)(T[)-

A 3-liter round bottom flas fitted with an efficient mechanical stirrer,
reflux condenser and dropping funnel (all points protected from moisture)
was arranged for heating on a steam bath.

In the flask was placed 1250 ml of absolute alcohol (dried with sodium
ethoxide and distilled) and then there was added, gradually, 58 g (2.5 atos)
of sodium ribbon (cut into small pieces). This addition required three to
four hous. After all the sodium had dissolved .35 g (2.5 moles) of ethyl-
acetoacetate was added. The stirrer was started, and the solution heated to
gentle boiling. To the boiling solution 332 g (2.7?4 moles) of ally! bromide
was added over a period of about two hours. [Ihe refluxing and stirring were
continued until a sample of the solution was neutral to moist litmus paper.
The time required was ten to fourteen hours.

When the reaction was complete the mixture was cooled and the solution
decanted from the sodium bromide. The salt was washed with 50 ml of abso-
lute alcohol and the washings added to the main solution. The alcohol was

separated from the substituted acetoacetic ester by distilling through a
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short column from a steam bath., The crude residue was used Wi‘bl‘lou't further
purifica'l‘tion for hydrolysis to allylacetone. .Distillai.:ion at 12 mm gave.a -
clear liquid boiling at 102.5°C. | |

0. Preparation of allylacetone {(hexene-l-one-5) {27).

In a five liter round bottom flask fitted with an efficieﬁt mechanical
stirrer was placed 2 5 liters of 5 per cent sodium hydraxié.e sol;ation (3.13
moles). To this was added the cryde acetoacetate substitution product ébtain— :
ed from 2.5 moles of ethylacetoacetate. The mixture was stirred at room temp-
erature for four hours during which time the monosubstituted scetoacetic |
ester was completely sé,ponified and passéd into selution. ~“F;hev mixtm_:re wa.s
.then allowed to stand uxrbil the uhsaponif:‘n_:ed material separated coxﬁpietely
as an oi-ll iayer, The aqueous layer W"és transferred to a flask fitted with a
separatory funnel gnd a condenser set for downward distillation. Through the
separatory funnel was added, siowly, 250 ml (1.1 moles) of 50 per cent sul-
furic acid (sp., gr. l,hé) which was somevhat more than the required aweount .
for neutralization .of the alkali used in the sapoﬁificationo When the vblu—
tion of carbon dioxide ceased to be vigorous the reé.c‘tion nixture was heated
slowly to boiling and from one-third to one-half the total volume was dis-
$illed. The distillate was made alkaline (o remove all acids formsd from
the acid deéomposition of the substituted ési;er) with solid sodium hydroxide
and redistilled.until 80 - 90 per cent had been collected.

‘In the distillate , ‘the ketone lasrer was separated from the water (a
saturated solution of caleium chloride was used to break the emulsion when
necessary) and the latter was G.i_stilled until one-third has been collected.

The ketone layer in this distillate was again separated and the water layer
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again distilled. This procedure was rgpeated as long as any eqnsiderable
amount of ketone was obtained in the distilla‘bea‘ The combined ketone frac-
tion wag washed f’oﬁr times with one-third its volume of a concentrated solu-
tion of calcium chloride (sp. gr. 1.3 or greétgf) to remove aleohoi, and
then dried over caleium chloride, .filtered, and distilled. The fraction
boiling at 128 - 129°C was collected.

P. Preparation of allylacetone ketal (12).

35 g (45 ml) (0.75 mole) of absolute alechol (dried with sodium and dis-
tilled W?.S placed in a 500 ml reund bottom. f’l)é,sk With' 25 g (0.25 moles) of
allylacetone. 45 g (0.3 mole) of ethylorthoformate was then added dropwise
| through a dropping funnel. When the addition of orthoformate was complete,
dry h‘jdrochloric acid (made by dropping cénc_or hydrochloric ac::‘i.:i into concen-
trated sulfuric acid) was bubbled ir;‘éo the reacjt'ion mixture previously cool-
ed in an ice-salt 'ba:lih “Por about one minute (QI“ until the mixbure JUS‘t began
- to darken) and the mixture allowed to come to. room i‘;empera"bure and stand for
abeu‘l':, ten to twelve hours. ) |

The resultant dark colored. solution was‘neutralized‘ with sodium ethoxide,
filtered, and the alcohol removed by wgrming in a vacuum. After the aleochol
had been removed the residue wae distilled at reduced pressure and the frac- |
tion boiling between 45 - 6500/10 mm was collected. The material was check-
ed at atmospheric pressure and exhibited a boiling point of 155 - L'l.65°€.“',;° The
material was characterized as being primarily the &ésired ketal bj its ready .

hydrolysis to allylacetone for which the physical properties were known.
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DISCUSSION OF EXPERIMENTAL RESULTS

A review of the feactiéns outlined in Eeaction Sequence 3 for thé prep-
aration of 5,5-dideuterchexanone-2 is of little consequence to a discussion
of experimental resulté in that the reactions were nqt actually carried out.
With this in mind this portioﬁ of this paper is devoted to a discussion of
the results obtained from the various reactions attempted in the course of
Reaction Sequences 1, 2, and L.’

Reaction Seduence i, invoiving the Arndt-Eistert procedures is unsatis-
fTactory on two éounts; the failure to produce valeramide and the low overfall
yéild; Al though the production ofv5,5-dideuterohexanone-2 is “impractical by
'this proecedure the reactipns involved were individwally successful and as
such are of inbterest. The préﬁaration of 2,2-dideuteropropanoic acid was
'accomplished'without complication as already described. The problem of the
lébility of deuterium in the alpha position presents itself and is of immed-
iate importance in the preparation of 2,2-dideuteropropanoyl chloride from
2,2-didéuterépropanoic acid.” Phosphorus trichloride was used because of ad-
vantageous yields and ease of handling (l9§, An alternative procedure,
which could prove to be a superior method, is the use of excess bénzoyl
chloride to prbduce the propanoyl chloride through interchange. This reac-
tion was tried and resulted in yields of about T5 per csnto The possible
advantage of this metﬁbd ovef the phosphorus,triehloridé procedﬁre lies in .
the possibly greater retention of deutero groups in the alphé position via
the‘benioy;fchloride procedure. ‘The use of phosphorus tricﬁlorid@ and the
'sﬁbsequent‘hyﬂroéen chldride evolution is apparéntly.somewhat likely to in-

cite deutero exchange (13)(34). The gquestion remains unanswered, however,
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since no evidence was available to either prove or disprove the correct
positioning of the deuterium.wheﬁ 2,2—dideuteropropanoyl chloride was pro-
duced via a synthesis iﬁvolving the usé of phosphorus trichloride.

The reaction in' this fcocedufe which proved to bc of primary interest
is the Arndt-Eistert Synthesis. The Arndt-Eistert procedure has been utiliz-
ed for the preparation of a gr;at many. compounds by conversion of acids or
acid derivatives into their next higher homolog (4)(5)(6)(11)(18)(38). Pcev-
ious work has been done, frimarily ﬁith relaﬁively long carbon chain acyl
" halides, cycllc structures, or the aryl-acyl derlvatlves (ll) The litera-
ture 1nd1cates that all successful applications of the Arndi—Eistert resc-
tion involve a starting acid chloride of not less than five carbons (1Y(H)

- (11).~ Neerly all of the practical applicationc of the method involve even
larger mclecules with cyclic or aromatic structural components. The single
report of the synthesis being applied to smaller acid halldes is in the work
of Arndt Elstert and Amende, wherein acetyl chleride was the 1n1t1al reac-
_ tant (4). The reaction was suceessful only o the extent thgt a deﬁectable
trace of propionamide was produced. ;The present work investigated'agpiica-
tion of the reaction to butyryl chloriae and. proPienyl chloride. The de--
composition of the diazoketones were carried out with ammonium hydroxide and
silver nitrate in an attempt to pro&uce the amides. The attempt to prepare
valeramide frcm.butyryl chloride met with complete failure; Variations in
conditions and soivent made no effective difference ir obtaining the desired
yaleramide. However, it seemed that a characteristic-amide odor could be:
detected when the supfosed diazoketone mixbture was deccmposed with ammonium

hydroxide. This indicated the possiblility that the diazoketone preparation
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had been successful followed by at least partial conversion to the desired
amide. There was evidence of QeéOmPOSifion in everykcase and it is'possible
that some unknown factor was causing the decompoéition of valeramide in every
atteﬁpt to purify and isoiate the product. The indication was; however, that
the failure.may lie primarily with regoVéry and purification rather than with
the actual production of the desired amide. It was thought possibly that |
butyramide might be prepared in measurable yields evén.through the;Valeramide
had not. Propionyl chloride was treated in exéctly the.séme way that the
butyryl chloride had been handled and resulted,in consistent yieids of ko -
50 per cent of theory of the expected butyramide. As indicated, the proced-
ure.followed was almost identical Witﬁ'the general methods previously estab-
lishéd, and for which oﬁher workers.had rep@rted no success vhen utilized
with acyl halides containing fewer than five carbons in the c’hain° In retro-
spect, it seems thatlprevious researéh‘may haveiencougtered:the very diffi-
culties which wé experienced in dealing with the preparation of valeramide. -
The genéral characteristics of the reaction indicate decreased yields with
decreased molecular sizeol This fact, coupled ﬁith'the negative resuits ex-
perienced with butyryl chloride, was probably in;trumsntél‘in the failure to
attempt the reaction with any of the lower acid chlorides. The work as
carried oﬁt here éives no indication as to the true cause for the failure

of buryryl chloride to produce significant yields of.w'raleramid.eo The actual
production of the‘diazoketone, and its sﬁbsequent decomposition to the amide
ma& actﬁally océur in foth cases, as evidenéed by the simiiarity in odor.

The failure to obtain Valeramide'may be due to a catalyzed. decomposition of

the product when an attempt is made at isolation. Another possibility which
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Qese;Ves consideration is the effect that is sometimes noted in compéring
gdd apd even qarbonﬂchains. As previously indicated,‘propion&l chloride
and Vaieryl chloride have both been used successfully as starting materials
for the Arndt-Eistert reaction, whereas both acetyl chloride and bubyryl
chloride failed. The synthesis was successful then for three and five car-
bon systems, and has failed'for two and four carbon systems. No evidence
can be presented to substantiate the viéﬁ'fhat the odd or even charactefis-
tics were in reality the cauée‘foﬁ the outcome of the reactions but the co-
ineidence is such-that any investigatioh into the Arndt-Eistert synthesis
itself would conceivably consider the possibility. |

The failute to obtain valeramide in suitaﬁle yields via the Arndt-
Eistert synthesis necessitated the revised procedure for production .of 5,
S—dideuteroheianone-e as,explaiﬁed in Reactién Sequence 2. The reactions,
as ufilized, involved standard procedufes énd offered no unusuval problems.
The impractical feature of the eﬁtire Synthesis lay not‘in fhe adaptability
of the individual reactions but was, rather, a consequeﬁce of the very num-
ber éf individual steps.

. The knowledge that a mono—deuterated ketoné would prove suitable for
the 'intended tracer purposes opened the way for what appeared to be an ex-
cellent procedure. Thg preparation of 5-deuterohexsnone-2 as indicatgd in
Reaction Sequence 4, involved relatively few steps, and, of ufmost impor-
tance, the intrp&uction of déuterium was not made until virtually the last

' reaction was carried out.
The procedure for the preparation of allylacetone is readily adaptéd

from standard procedures for the preparation of methyl-n-amyl ketone (27)°

<f
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The use of allyl bromide -and acetoacéfic ester resulted in consistant 20 per -
cent yields of allylaéefone. The allylacetone could be converted to the cor-
responding ethyl ketal by using ethyl orthéformate (12)? Tﬁis method requir-
ed rather careful control 5f the dry hydroéen éhloride addition. The hydro-’
gen chloride which was necessary to the ketal formation was also an initiator
for polymerization of the allyl acetone. The problem then resolved itself
to control of the hydrogen chloride addition such that the ketal formétion
would occur without appreciable polym,erization° The most sati;factory méans
of treatment was a visunal control wherein dry hydrogen_?hloride was bubbled
through the reaction mixture'until the first trace of brown colorafion ap-
'peared. This brown coloration préved to be the first indication of polymer-
ization and if the hyﬂrégen chloride,éddition was stopped at'tbistime, the
extent of polymerization was small. . ‘

Reaction Seqpénce 4 failed because allyl acetone. could not be convert-
ed to 2,2-diethoxy-5-chlorohexane. The structure of allylacetone is dgpaf—
~en‘tl:y particﬁlarly susceptable to pélymerization and the hydrohalogénatioh
~ of the unsaturated linkagé could not be promoﬁed without excessive polymer-
ization. If this polymerization could be suppressed.it should be possible'
to promote.the expected hydrohalogenation. If’2,2-diethoxy—s-chlo?ohexane
could be obbtained, the Grignard preparation and deuterium oxide decomposi-
tion should proceed rather'smootﬁly. Tt would appear that the problem must
be approached by producing the ketal in the described mﬁnner before attempt—
iﬁg the hydrohalogenation, since hydregen chloride could be added %o allyl-
acetone with no greater degree of success than was observed with 5,5-d4i-~

ethoxyhexene-1.
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