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Reductive elimination of halogen from a-halo esters with zine and deuterium oxide in polar aprotic solvents

provides a1 convenient method for the preparation of the corresponding a-deuterated substances.

The pro-

cedures developed for carrying out these transformations can be applied to the synthexis of large quantities of

either mono- or dideuterated esters with good isotopic puriry.

Several isolated experiments suggest that this

method <hould also be applicable to rhe conversion of a-halogenated nitriles and amides to the corresponding
a-deuterated materials; when applied to the reductive deuteration of e-halogenared ketones and acid chlorides, .

the isotopic purities of the deuterated products are lower.

This technique for the synthesis of a-deuterated

esters is superior 10 the base-catalvzed exchange techniques in general use when the prevequisite a-halogenated
analogs are available, both in itz economical use of deuterium oxide and in its ability to introduce a single deute-
rinm atom into a methyl or methylene group containing multiple equivalent exchangeable protons.

The acid- or basc-catalyzed exchange of enolizable
protons for deuterons is a widely used technique in
isotopie synthesis.®  Despite its simplicity and con-
venience, this technique suffers from two important
disadvantages.  First, the achievement of high isotopic
purity by exchange requires multiple treatments of
the substrate with deuterium oxide, itself of high
Isotopie purity, and is acceordingly intrinsically wasteful
of deuterium. Second, 1t is not suitable for the intro-
duction of a =pecificd number of deuterium atoms into
a position containing a larger number of equivalent
exchangeable hydrogens.*

In the course of other work, we required quantities
of mono- and dideuterated alkyl halides having high
isotopie purity.  In an etfort to circumvent exchange
procedures for the preparation of these materials, we
investigated the utility of svathetie methods for intro-
ducing deuterium based on the reductive elimination
of halogen from a-halo carbonyl and nitrile derivatives
with metallie zine in the presence of deuterium oxide.
Here we report that this procedure provides a useful
method for the preparation of esters, and probably of
amides and nitriles, containing deuterium next to the
unsaturated group; when applied to ketones the iso-
topic purity of the produet is lower, and other pro-
cedures for the introduction of deuterium are pre-
sumably preferable to that deseribed here 38
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Results and Discussion

Reduetions were carried out by adding the organic
halide (1 equiv) and deuterium oxide (~2-4 equiv) to
zine powder (~2 equiv) at NO7 in diglvme or dimethoxy-
ethane.  Traces of exchangeable protons present in the
reaction apparatus or on the zine powder were ex-
changed for deuterium before addition of the organic
halide by addition of deuterium oxide to the reaction
flask containing the zine and azeotropice distillation of
this small initial charge of deuterium oxide from the
reaction flask with benzene,  The surface of the zine
was cleaned before this exchanee by o brief washing
with 53¢ hydrochlorie acid: it was sometimes acti-
vated immediately before addition of the organic
halide by reaction with iodine or 1.2-dibromocethanc.
The reductions frequently showed an induetion period,
particularly with less reactive organie chlorides; in
certain instances, particularly those involving nitriles,
these induetion periods were capuable of contributing to
a signifieant deerease i the ixotopie purity of the
products it sufficiently prolonged, presumably by per-
mitting i1sotopic exchange in the starting materials:
further, accumulation of an excessive quantity of un-
reacted halide in the reaction flask during a lengthy
induction period occasionally  led to embarassingly
exothermie reactions when initation finally did take
place.  Thus, cleaning and activating the zine surface,
and checking to make certain that the reaction was
mitiated early in the addition of the organic halide
(with appropriate use of 1.2-dibromocthane or iodine
as Initiating agents if necessary), were important in
achieving high vields and isotopic purities.

Representative vields and tsotopie purities obtained
following this procedure are listed in Table I. To
avoid obtaining inaceurate mass spectroscopic isotopie
compositions as a result of exchange of deuterium for
hyvdrogen in the mass speetrometer inlet svstem, the
substances isolated direetly from the reductions were
converted to nonexchangeable derivatives more suitable
for izotopic analvsiz (and for several types of tfurther
svnthetic manipulation). These derivatives are also
listed in Table I, and appropriate details of their prep-
aration are deseribed in the Experimental Section.

The significant concluzion to be drawn from the
data of Table Tis that the reduetive dehalogenation of
activated oreanic halides provides an artraetive =vi-
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Yu:Lps anNp Isoroprc Purities oF PropuceTts OnTAINED 0N DEHALOGENATION 0F ACTIVATED Onaianie HALpEs
Using Zine-DreUTERIUM OXIDE

Isotopic compn, '

Starting material Yield,® % Substrate? da ol d; d

CICI{2CO:-H<CJ}I7 17 DC}I;CI‘I:I 2.0 960

CLCCO.CH, 63 D,CCH.CH.CH.Br 1.5 092.0
BrCH,CO,-n-C;,H; 52 DCH,CH.I 2.0 980
CH;CH.CHBrCO.C.H; 50 CH;CH,CHDCH.Br 1.4 086

CH,CH.CCL.CO.C:H, ™ CH,CH.CD.CH.,Br 2.4 7.6
C.H.OCO(CH.);CHBrCO,C.H,; a3 Br(CH:)CHDCH.Br 2.1 97.9

CICH.CN 47 DCH.CH,N1I; 2.0 040 1.0
CH;CH.CCLCN 76 CH,CH.CD,CH:NH. 1.0 99.0
BrCH.CON(CsH)C.H; 36 DCH.CH.N(CsH:)CLH - 7.0 030

CICH.COC1 5le DCH.CH.I 2.0 S2.0 15.0 1.0
CICH.COCH, 61 DCH.CHBClI; 9.0 0.0 34.0 7.0

o Isolated vields of the products obtained by zine-deuterinm oxide reduction of the starting materials.
mass spectroscopic isotopic composition measttrements were performed.

procedure works best for esters.” and less well for the
more acidic (and more rapidly exchangeable) ketones
and nitriles. Sinee e-halogenated esters are relatively
readily available using a number of svnthetie techniques
this procedure seems to provide the method of cholee
for preparation of specifically e-deuterated esters and
derivatives,

Experimental Section

General Methods. —Nmr ~pectra were recorded using u Varian
T-60 spectrometer in carbon tetrachloride <olutions;  chemical
~hifts are veported in parts per million (81 from tetramethylsilane,
Mass spectra were determined on o Hitaehi Perkin-Elner model
RMU 6 specrrometer.  Preparative glpe analyses were per-
formed on a Hewlett=Packard Model 700 ¢chromatograph with
thermal  conduetiviry detector using the following  cobumns:
column A, S-{t, 0.25-in. 107, DEGS on 60-S0 mesh Chromosorb
Woooeolumn By 10-ft, 0.25-in. 1077 Carbowax 20N on 60-S0
me~h Chromos~orb P; column ', S-ft, 0. LA SESDO on 60—
SO Chromosorh ;o columne D, oS-, 0.25-in, 109, XT-1130 on
H0-S0 mesh Chromosorh P,

Diglvime was distilled from caleinm hvdride, and degassed be-
fore u=e by bubbling @ ~low stream of nitrogen through it for 20
min.  Dimethoxverhane cDME) was puvified by distillation fraom
adeep purple solution of sodium benzophenone dianion.  The
2.2-dichlorobutvronitrile used was o gift of the Dow Chemical
Co. Other halogenated ketones, esters, nitriles, and acid halides
were obtained from Eastman Organie Chemicals, and were used
without further purification.  Reagent grade zine dust (Mallin-
krodt) was generally uzed without further purification, although
activation with 1077 hvdrochlorie acid ix advisable for zine dust
which has been opened to air for considerable lengths of time.?

Isotopie compositions were determined mass spectrometrically
on samples purified by preparative glpe.  All =pectra for i=otopie
analyvsis were obtained using ionizing voltages as close as possible
to the appearance potential of the compound under examination.
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» Nubstances on which the
< Acetic acid-Jy was the izolated product.

[~otopic compositions were normally obtained from peak arexs
data: however, indistinguishable data resulted from analysiz of
peak height~.  During collection of compounds from the glpe cure
was taken to collect all of the peak of interest, to avoid i=otopic
fractionation.

Ethyl Butyrate-2-«/,.—Reagent zine dust 150 g, 2 g-atoms |
digivme (300 mly freshly distifled frome edeinan hydride, wnd
benzene (200 mb were placed in o -1, three-necked flask firred
with @ Dean-Stark trap and a mechanieal stirver. One neck ol
the flusk was ~ecaled with @ No-Air ~stopper. The mixiure wa-
heated to rettux and 15 ml of deuteriun oxide was added drop-
wise over the conrse of 2 hr to exchange possible sources of pro-
tons.  Doecovery of water ¢35 mls from the Dean=Stark trap wa-
complete. The Dean-Stark trap was removed, benzene wis
separated from the reaetion mixture by ~imple distillation, o ve-
flux condenser was fitted to the apparatus, and 10 ml of dewre-
rivum oxide was added. The reaetion mixture was heared 1o 0~
and erhyl 2-bromoburvrate 2 mls was added.  An immediaie
3=10° temperature vise indieated mitiation of the reaction. The
reaction Hask was immersed in o Lege fee bathe The internal
temperatire of the reaction sk was maintained ar 50-607 by
cattions alternate addition of aliquors of ethyl 2-bromobutyrate
226 «, 116 mol) and deaterinm oxide 'S0, 4.0 mol); each ve-
agent was added in 12 equal portions.

Glpe analvsis using colimn X at 1007 <howed that ethut 2
hromobutveate was rediced ws rapidiy as it was added to the ve-
action mixture. At the conelusion of the reaction, exces< 7
and in=oluble 7ine sadts were filtered fron the reaction mixtore
and washed with two 100-ml portions of ether.  The ether washe-
and diglvme ~olution were combined, and the product was isn-
lated by o preliminary distitlation.  Material boiling berween
30 and 160° was dried (Mg=O0 and carefdly redistilled, vielding
ethvl butveate-2-<4, (67 g, 0.5% mol, 50,1 having bp 120-121".
The nmr speetrium was consiztent with the proposed deuteriim
substitution.

1-Butanol-:-/; was prepared from erhvl butvrate-2-dy (67 .
11,38 mol) dissolved in ether (50 mlr by dropwise addition 10 o
solution of lithium aluminum hyvdride 125 ¢, 0.62 mol) in 300 1l
of ether at 0°.  The mixture was refluxed for 30 min, quenche:d
with ethyl acetate (30 g, 0.536 moly, warer 25 mlb), 1570 twow
aquenits sodinm hvdroxide 23 mb, and additional water 75
mly.  The ether was decanted and the residual aluminum =alr-
were refluxed with two 100-ml partions of ether. The etherend
<olutions were combined, and distilled through o 120-cm platinin
~pinning band column o vield huonol-2-0 (24 g, 032 ol
33001 having bp 116-118°.

1-Butanol-2,2-//. wus preparved from ethyl 2. 2-dichloroburyrare
(145 ¢, 081 mol) and denrertun oxide S0 g, 4 mol) by zine ve-
duetion and =ubsequent treatment with lithinm abioinum by
dride ns described previonsly .t

Ethanol-2.2,2-/; was prepared fcom methyvl trichloroacerare
(176 2, 1.0 moli and dewrerinm oxide ©Ss g 44 moly by zine ve-

(10) For a discussion of the ealeulation ot isotopic compositions by mas-
spectrozcopy, see K. Biemann. " Mass Spectromerry, Oreanic Chemical Ap-
plications.”" McGraw-THIL New York, N. Y. 062,
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dnenion followed by lithium  aluminum  hydride reduction” as
dexeribed previously. 12

1-Bromoethane-2,2,2-¢5, 1-bromobutane-2.2-/,, and 1-bromo-
butane-2-/. were prepared from the analogous aleohols using a
procedure ~simular 1o that deseribed by Marvel and Kamm.13
Thus, ethanol-2.2.2-d+v (18 g, 0.36 moli was added to a cooled
mixture of 4N hvdrobromie acid (82 g) and concentrated sul-
firte aeid 124 @) inoa 230-ml single-necked tlask.  Conecentrated
~ulfuric aeid (40 g) was added, and the stirred mixture was warmed
gently o di=all the produet as it formed into a trap cooled in a
Dry Lee-acetone bath.  The trap and its contents were warmed
70 02 and the aqueous laver was removed using a Pasteur pipet.
The organie laver was washed with two 10-ml portions of water
and =everal 10-ml portions of concentrated =ulfuric acid until the
suifurie acid Taver remained elear and water white. Most of
the ~uifurie acid was removed using a Pasteur pipet, and the 1-
bromoethane-2,2,2-d, (37 &, 0.33 mol, 91 ) was separated from
the residual concentrated <ulfurie acid by bulb-to-bulb distillation
at reduced pressure. The nmr of the distilled material consisted
of a broadened singlet at 6 3.4,

1-Butanol-4,/,./-/, was prepared in 327 vield by reaction of
ethvl-2. 2, 2-d-magnesium bromide with ethvlene oxide, using :
procedure analogons to that deseribed by Huston and Langham. .t

n-Propyl 2-Chloroacetate.—n-Propyl aleohol 160 g, 1 mol) was
placed ina 250-mi, three-necked, round-borromed flask equipped
with wdropping funnel, Tetflon-conted magnetie stirring bar, and
adapror leading 1o w bubbler. The apparatus was Hushed with
nurogen, and cooled to =152 in . Drv Tee-isopropyl aleohol
bath,  Chloroacervt chlovide <38 ml, 57 2, 0.3 mol) was added
o the stirved rewction mixture over a pertod of 2 he. The cooling
barh was maintained at =20 1o =102 by the ocensional addition
of Dy Lees The mixture was allowed 1o wirm to room temiper-
avure, then distilled through o G-in. Vigreux column to vield n-
propyl Z-chilovoncete (374 @, 042 mol, ST bp 757022
Torrr B bp 32.6-52.5° 010 Tores]; nmr «CCLY 8 0.92 0, 3,
Jo= 6o 1A o, 200 =6 Ho, 407t 4, = 6 Hzo.

n-Propyl 2-bromoacetate was prepared by a procedure analo-
gons 1o that used in the svnthesis of n-propyl 2-chloroacetate.
From bromaoneervl hromide (100 g, 0.5 mol s and n-propyvl aleohol
B0 g, 1.0 moly, 67.8 ¢ of n-propyt 2-bromoncetate (038 mol,
ToC0 was obtained: bp 797 (19 Torry [lie, bhp 175-177° (762
Tores nme (CCLO 3005, 3, = 6 1z, 160 (m, 2,0 =6
Hozo, 590 6,20, 407 (1,200 = 6 1z).

n-Propyl Acetate-2-/\.—The experimental apparatus and pro-
cedive were similar to those deseribed for ethyl butvrate-2-d..
Zine disr (32,7 ¢, 0.5 @-atom was trested with 3 mlof dewrerivm
oxtde inemixtie of G0 il of benzene and 100 ml of diglvine.
After removal of the benzene and deurerinm oxide, the reaction
mixture wis hented 1o 802 and 5l of deurerium oxide, a ervstal
of fodine, and 2 ml of L.2-dibromoethane were added.  n-Propvl
Z-chloroacetate <344 g, 0.25 mob) diliwed with ea. 4 ml of 1,2-
dibromoethane and additional deuterium oxide were added in 10
portions over | hr by svringe, ca. 1 ml of denteriim oxide being
added after each 5.5-ml aliquot of exter: the total quantity of
deurerium oxitde used by the end of the reaction was 16.5 ml (13
¢ 0.75 mol). The mixture was stirred and heared an additional
15 min. The apparatus was arranged for distillation and the
et 55 ml of matertal distilling under an aspirator vacuum ( ~22
Torey was collected. The distillate consisted of two phases;
the agqueons phase wax saturated with sodimun chloride and ex-
tracted three rimes with 30-ml portions of ether. The organic
phases were combined, dried (MgsS0,5, and distilled through o
20-cm Nester-Faust Teflon spinning band column, vielding n-
propyl acetate-2-dy 4 g, 0.042 mol, 1777 bp 100-102°;
nmr (CCLY 8092 00,5, = 6 Hz), 132, 2,0 =6 1z, 1.92
20 =21, 0050, 2. = 6 Hzo.

n=Propyl weetare-2-dy 1505 ¢, 0013 mol, 32971 was also pre-
pared from n-propyl 2-bromoacetate (43 ¢, 0.23 mol) using an
analogons procedure.

Ethanol-2-/,.—Lithitum wluminum hvdride (1.5 g, 0.04 mols
and ether 100 b were plieed ina 230-ml, three-necked, round-
bottomed ta-k equipped with o No-Air stopper, reflux condenser,
and Tetlon-conted ngnetie stirring bar.  To the stirred mixture

120 G ML Whitesudes
i Noe,, 94, 232 71070,

L 0 20 Muarvel and O, Kamm, "Organie Syntheses,” Colleet. Vol. [,
Witev,  New York, NOY L 10k, po2s.

L B Haston and CLCL Langham, S, Org, Chem., 12,90 (1947).
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was added dropwize through a svringe n-propyvl acetate-2-«;, (3.9
g, 0.038 mol) diluted with ether (15 ml:. The mixture was re-
fluxed an additional 2 hr, and water (1.5 mD), 1377 (w:w) aqueotis
sodium hyvdroxide (1.5 mD), and additional water (4.5 ml) were
cautiously added dropwise by syringe to the well-stirred slurry.
The white aluminum salts were separated by suction filtration
and washed with ether.  The aluminum =alts were then extracted
overnight with an additional 50 ml of ether in a Soxhlet extractor.
The ether portions were combined, dried « MgS0,), and distilled
to vield ethanol-2-¢y, (0.8 g, 0.017 mol, 437 ), bp 78-79°,

1-Iodoethane-2-/, was prepared from ethanol-2-d, using =
procedure based on that of Stone and Shechter,” and purified for
1sotopic analvsis by preparative glpe wsing column C.

Diethyl 2-bromoadipate was synthesized in 777 yield using o
literature procedure.®  Its conversion to diethyl adipate-2-d, wu-~
accomplished on a 30-g scale (2877 vield) using a procedure
analogous to that deseribed for n-propyl acetate-2-d,. 1,6-
Hexanediol-2-¢; and 1,6-dibromohexane-2-, were obtained bv
procedures analogous to those described above for other alcohols
and bromides.

Acetonitrile-d,.—Zine dust (435 o, 0.66 g-atom) was trented
with 8 ml of deurertum oxide in 2 mixture of 100 ml of diglvnie
and 60 ml of benzene.  After removal of the benzene and deu-
terium oxide by azeotropic distillation, 5 ml of deuterium oxide
was added, the mixture was hewred to NO° and a erystal of
iodine and 3 ml of [2-dibromoethane? were added.  Chloro-
acetonitrile (I~ @, 024 mobr and additional deatertum oxide
t13 mls the total quantry added was 1IN nl, 20 g, T mol) were
added in successive portions of 1 ml and 1.2 ml, respectively.
The mixture was stirred and heated for an additional 15 min.
The apparatus was avranged for disridlation and the first 25 ml
of material di=tilling under an aspieior vacnam t~22 Torr) was
collected.  Ether 120 mD was added 1o this disullate, the organie
Liver was sepurated, and the aqueous laver was saturated with
~odium chloride and extracted twice with 20-ml portions orf
ether.  The organie fractions were combined, dried (MgSROy),
and distilled through @ 20-cm Nester-Fanst Tetlon spinning band
column to vield aeetontteile~dy (4.7 <, 001 mol, 4777), bp S1=82°,
nmr d LIS, = 2 [z,

Ethylamine-2-¢/,.—Lithium aluminum hvdreide (4.5 g, 0.12
mob and ether (100 mb were placed ina 250-ml, three-necked,
round-bortomed  flaxk equipped with o reflux condenser and
Tetlon-coated muaenetic stirring bhar. One neck of the flask
was fitted with o No-Atr stopper. Acetonirrile=; (4.6 g, 0.1
mol dilured wirh ether 20 mb was added dropwise from
svringe to the stirred mixture.  Afrer the mixture had refluxed
an additional howr, the condenser top was firted with an adapror
leading to w recetver cooled 1o =757 Cautions addition of
water 4.5 mby, 1570 (wiw) agquicons <odiim hvdroxide solution
4.5 il and addidonal water (15,5 mb resudred in the liberation
of ethviamine-/,, bp 177, which condensed in the cold trap.
Signifieant amounts of ether were al-o swept over. The cold
ether =olution of ethyvlamine-/, was treated with dry gaseons
hvdrogen chloride.  Ethvlamine hvdeochloride, which precipi-
tated ax a fine whire =olid, wax separared by filtration and dis-
solved in water 20 ml).  The aqueous ~olution of the amine
hyvdrochloride was transferred to a three-necked, 50-ml, round-
bottomed Hask equipped with a distillation take-off, and a Teflon
coared magnetic strring bar.  One neck of the flask was fitted
with o No-Air stopper.  Addition of concentrated aqueons
sodium hvdroxide resulted in the liberarion of ethylamine-/,,
which was swept into a receiver vooled with liquid nitrogen with o
stream of nitrogen. The solid matertal in the receiver was con-
taminated with small amounts of water, hut this impurity did nor
affect the muass spectral derermination of the ixotopie purity of
the labeled erthyvlamine.  Approximarely 2.2 ¢ 1437) of erhyl-
amine-2-; was obtained by this procedure.

Butyronitrile-2,2-/,.—Zine dust i63.4 o, | ¢-atom) suspende:d
in o omixture of 125 ml of diglvme and 75 ml of benzene was
treated with 8 ml of detterium oxide nsing procedures desertbed
previouslv.  After removing the nvial charge of deuteritm
oxide and the benzene by azeorropic ddistillation, a Claissen
adaptor and two 60-ml addition funneis were added to the
apparatus.  One funnel was charged with 36 ml of deuterium
oxide (40 ¢, 2.0 maol), the other with 5345 « 10.25 mol) of 2,2-

17 H. Stone and H. Sheciiter, /. Org. Chem 15, 191 (19500,
1SV I SRehwenk and D Papa, Jo Amer Civm. S0 70, 5626 (1948).
19 The ehimination of the induetion periea i activation of the zine is
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dichlorobutyronitrile.  Deuterium oxide (ca. 5 ml) was added,
the mixture was heated to reflux, and 2 ml of 1,2-dibromoethane
was added through the retlux condenser. Deuterium oxide and
2 2.dichlorobutyronitrile were added to the stirred mixture
simultaneously at the rate of ca. 1 drop /sec, although the addition
was stopped if the reaction beenme too vigorous.  After addition
wax complete, the. mixture was maintained at reflux for an
additional 4 hr, cooled, and distilled at aspirator vacuum (~22
Torr). The first 60 ml of crude distillate was collected.  The
organic layer was separated from the aqueous layer, which was
saturated with sodium chloride and extracted twice with 33-ml
portions of ether. The organic fractions were combined, dried
(Mg=S0,), and distilled through a 20-em Nester-Faust Teflon
spinning band column to yield 13.5 g of butyronitrile-2,2-d.
(0.19 mol, 76¢,): bp 116-118°; nmr § 0.97 (¢, 3, J =6Hxn, 141
(q,2,J =6 Ha.

Buylamine-2,2-ds.—Lithium aluminum hydride (2.85 g, 0.075
mol) and ether (100 ml) were placed in a 250-ml, three-necked,
round-hottomed flask equipped with a No-Air stopper, reflux
condenser, and Teflon-coated magnetic stirring bar. To the
stirredd mixture was added dropwise with a syringe 5.2 g (0.075
mol) of burvronitrile-2,2-d, diluted with ether (20 ml). The
mixture was reftuxed for an additional 2 hr and cooled, and
water 2.5 mil), 153¢) (w:iw) aqueons sodium hydroxide (2.8
mb), and additional water (8.4 mD were cautiously added by
svringe to the well-stirred ~lurry. The whire aluminum salts
were removed by suction Altration and washed with ether.  The
ether ~olution was dried (Mgs0,) and concentrated by rotary
evaporation. A sample of the remaining yellow oil (~3.8 g,
70071 was purified by glpe on column € to yvield a sample of
butyronitrite-2,2-4; ~ufliciently pure for analy=is by mass spec-
trometry.

\-Ethyl-\-phenyl-2-bromoacetamide  wis prepared by n
merhod analogous to that of Weaver and Whalev.®  Ina L1,
three-necked, round-bottomed flask equipped with a mechanical
stirrer and dropping funnel were placed 100 g of N-ethvianiline
(0.84 moby and 230 ml of 1,2-dichloroethane.  The reaction
vessel was cooled in a Dry Iee-isopropyl aleohol bath main-
tained between —20° and —=30° and swept with nitrogen.
Bromoacetyl bromide (85 g, 0.42 mol) was added from the
dropping funnel 1o the well-stirred reaction mixture over a +-hr
period. At the conclusion of the reaction, the amine hydro-
chloride ~alis were =eparated by suction fltration and washed
with 1,2-dichloroethane (50 mli. The filtrate was distilled at
22 mm to remove most of the 1,2-dichloroethane. The red
liquid remaining was analyzed by glpe teolumn C) and nmr, and
was found to contain a maximum of 3077 (hy weight) of N-ethyl-
N-phenyl-2-bromoacetamide; almost all of the remaining 2007
consisted of 1,2-dichloroethane.  This crude material was used
in the following step without further purification.

N-Ethyl-\-phenylacetamide-2-4; was prepared following pro-
cedures outlined above by reaction between zine dust (32.7 g,
0.50 g-ntom 1, V-ethvl-N-phenyvl-2-bromoacetamide (~60 g of
crude materinl, ~0.25 mol), and deuterium oxide (20 g, 1.0 moD)
in 100 ml of diglvme. Following conventional work-up of the
reaction mixture, the erude product was distilled through a 10-em
Vigreux column as an oily liquid, bp 82° (0.09 Torr), which
wlidified in the receiver. Recrystallization from warm ether
vielded 14.8 g of N-ethvl-V-phenvlacetamide-2-d, (0.09 mol,
ST nmr s LOS (e, 5, ) 6 Hz), 1.To ¢, 2,0 =2 Hm, 3.65
a2, =6 Heo, 757 (my, D

A, \N-Diethylaniline-, wax prepared by the reduction of -
ethvl-N-phenyvlacetamide-2-4; with lithium aluminum hydride
using standard procedures.

)

(20) W, E. Weaver and W. M. Whaley, J. Amer. Chem. Soc., 69, 515
10T
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Acetic acid-d. was prepared by reaction of zine dust (32.7 «,
0.5 g-atom) suspended in 100 ml of diglyme with chloroacetvi
chloride (28.2 g, 0.25 mol) and deutertum oxide (15.4 g, 0.75
mol) at 60°. The general procedure was that described pre-
viously; the chloroacetyl chloride and 9 ml of the deurerium
oxide were added in nine portions during ~4.3 min to the reaction
mixture. The apparatus was arranged for distillation and the
first 40 ml of material distilling under an aspirator vacuum was
collected. This crude distillate was earefullyv redistilled through
a 20-em Nester-Faust Teflon spinning band column, yielding «
fraction boiling between 97 and 105°, as well as acetic acrd-d,
(5.4 g, 0.087 mol, 350, bp 117-119°, nmr 6 1.98 (¢, J = 2 [Tz
The lower boiling fraction was saturated with sodium chloride
and extracted three times with 30-ml portions of ether. The
ether extracts were combined, dried (MgS0), and distilled
through the spinning band column to vield an additional 2.5 « of
acetic acid-d, (7.9-2 total, 0.127 mol, 517 ).%

Ethanol-d,.—Sudium borohydride ¢3.65 g, 0.096 mol: and
diglyme (20 ml) were placed in u 250-ml, three-necked, rounii-
bottomed tlask equipped with @ No-Air stopper, Teflon-couted
magnetic stirring bar, dropping funnel, and retlux condenser,
with an adaptor leading to a mercury-acetone bubbler.  The nux-
ture was stirred for ca. 5 min, and w solution of acetie acid-d, 7.9
¢, 0.127 mob) in diglyme (15 mlh) was added slowly with a syvringe.
Frothing of the reaction mixture was evident during the addition.
The reaction vessel was flushed with nitrogen, and bovon 1ri-
fluoride etherate (17.7 &, 0.125 mol diluted with diglyme 120 nl
was added to the stirred reaction mixture from the dropping
funnel over the course of 2 hr. The mixture was stirred an
additional 0.5 hr and quenched with octyl aleohol (3 mly and
water (10 mli.  The residual inorganic salts were removed by
suction filtration and washed with ether fea. 50 mb. The
organic layer was separated and dried (Mag304), and the residue
distilled through o 20-em Nester-Fauzt Teton spinning b
column to vield ethanol-d, 4.2, 0.00 mol, 7190, bp 76-75".

Acetone-d, wits prepared by reduction of chloroacetone (21,6,
0.23 mol) with zine powder £35.5 ¢, 0.67 gatom) in diglyine
wsing o procedure similar to thar deseribed previously.  Afrer
removing the initial charge of deuterium oxide and benzene, the
chloroncetone was added to the reaction tlask, and the reaetion
mixture maintained at retlux temperature for 1 hro After thi-
time deuterium oxide (20 g, 1 mol) was added.  The apparati-
wis arranged for distillation, and all material boiling below
130° was rapidly collected.  This crude distillate was dried and
redistilled to yvield acetone-d, (S.b o, 011 mol, 61777, having bp
=572,

This material was converted to i<opropyl bromide for t=otopie
analysis by reduction to 2-propunol with lithinm aluminuin he-
dride, conversion to isopropyl tosviate, and treatment wirh
ealcium bromide in DMF .32

Registry No.—Ethylbutyrate-2-,, 13224-13-0:  I-
butanol-2-d;, 35223-78-0: 1-bromoethane-2.2.2-d;. 7439~
S6-3; n-propyl 2-chloroacetate. 5396-24-7; n-propyl
2-hromoacetate. 33223-50-+:  n-propyl acetate-<-i/y.
35293-S1-5: ethanol-2-d;. 1624-36-8; acetonitrile-.
26436-53-1; ethyvlamine-2-/;. 35223-83-7; butyronitrile-
2.2-dy,  35223-S4-5; butvlamine-2.2-ds,  27847-12-7:
N-ethyl-V-phenylacetamide-2-i.  35223-86-0;  acetic
acid-2-d,, 35223-87-1; cthanol-2-d;, 6181-08-4; acetone-
dy, 4468-52.

(21) A more efficient procedure for the synthesis of acetic actd-d: consisra
of the reaction of ketene with deurerium oxide: H. L. Mitchell. unpublishe:d

work.
(99) G. L. Jenkinsand J. C. Kellett, /. Org. Chem., 27, 624 (1962).
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