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SYNTH-ESIS Of I ,4-DIHYDROXYBUTANEDIONE AND 
CERTAIN DERIVATIVES Of di-2-DEOXYTETROSE 

INTRODUCTION 

The occurrence of notmal four corbon compounds among metabolic Inter~ 

medlam and products oxalacetlc acid (25, p.95), malic acid (25, p.ICM), 

erythritol (2, p.43), blacetyl (25, p.l38), 2,3-butylene glycol (25, p.l38), 

tartaric acid (2, p.l~}. and acetoin (25, p.IIS) to name some suggests that 

other slmflar four carbon co,.ounda might be of biological interest. 

For thb reason the synthesis of 1,4-cllhydroxy-2,3-butanedione (Ill, Fig. 

1) was undertaken In order to make It available for comparison with a product 

obtained by Cheldelln and King11 of these laboratories, In studies of the me­

tabolism of A. suboxydans. While It was anticipated that the bromine of 1,4­

aibromo-2,3-butanedlone (8; p.207) could be aa easily replaced aa the bromine 

of phenacylbromldes (20, p.-125) In practice the reaction proved to be very 

sensitive to conditions. Efforts to effect the reaction with sodium hydroxide in 

water or alcohol; with sodium bicarbonate, sodium carbonate, potauium car­

boncite, sodium a~tate, sliver acetate, sliver oxide or barium carbonate in 

water, alcohol ot acetone and under varioUs conditions of temperature and mix­

lng invariably gave, upon removal of the solvent, a black tar that quickly be­

came water Insoluble. In an effort to prepare the diphoSphate ester, I ,+-ell­

bromo-2,3-butanedione (1, Fig.l) was reocte.d in warm water with potaalum 

1. Pi'tvate communication. V.H. Cheldelin and T.E. King. 
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dihydrogen phosphate. The pH of the solution wos found to decrease with time 

Indicating that a strong acid waa being formed and consequently that hydro­

bromic acid or the equally strong pholphate ester was a reaction proc:Nct. 

Extraction of ·thta solution with chloroform gave a small amount of a tarry 

sut.tance that contained bromine and dec;ornposed eaally. Extraction of the 

tolutlon again with n-butanol gave upon removal of the butanol a glau that 

gcwe a faint test for phoaphate and that dec~d only slowly, waa slightly 

hyrotcoplc and remained soluble In water. Th... results sugge~ted that 1,~1-

hy.oxy-2,3-butanedione could poulbly be obtained If the hydrolyala was con­

ducted uncier slightly acidic conditiON and In such a way that only water In­

soluble or ~s Inorganic compound$ were formed. Thus when 1,~lbromo-

2,3-butanedlone ~t~ted with the theoretical quantity of silver corbonate 

in a ttoppered Nby red container It wa5 found that f/1.8% of the calculated 

quantity of sliver bromide waa obtained after 72 hours and only traces of re• 

duced silver. Removal of the water by Iyo ph t II za t Ion gave a glasa whtch 

changed to a powder in the pre..nce of 2-butanone. Analysis Indicated that 

the carbonate ester was not fotmed nor would it be expected since under the 

conditio"' e,.layed the concentration of ccrbonate Jon would be very low and 

blcarbonc.te eaten deco~ apontaneously to carbon dioxide and the corre­

sponding alcohol. 

The material lttelf meits at 125.U.OO and readily for,.. a bls(2,4-clinl• 

trophenyl hydtozone) (IV1 Fig .1) in glacial acetic acid which decompo~e~ at 

283-5°. A material which appears to be the 50me compound it obtained when 

http:125.U.OO
http:blcarbonc.te
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the bis(2,4-.dinitrophenylhydrazone) of 1 ,-4-dibromo-2,3-butanedione (II, fig. 

1) is reacted with 2,4-dinitrophenylhydrazine In a mehmol~ter solution. 

The bls(2,-4-dlnitrophenylhydrazone) of 1 ,4-dlwomo•2,3-butanedione 

was prepared by reaction of the substituted hydrazlne with the diane in glacial 

acetic acid solution. A mixture was obtained when the reaction was carried 

out in a water-methanol solution. 

A bls(orthonltrophenylhydrazone) of 1 ,-4-dlhydroxy-2,3-butanedione (V, 

fig.l) was readily prepared In methanol. It melts with decomposition at 239­

4()0. 

Efforts to prepare derivatives of the hydroxyl groups invariably gave a 

tar and the product resulting from the reaction of the reagent with water. 

Phenyl isocyanate, para toluene sulfonyl chloride, 3,5-di nitro benzoyl chloride 

and triphenylmethylchlorlde were used. Reaction with excess acetic anhydride 

gave a brown tar upon removal of volatile solvents from which no pure product 

was isolated. 

A dilute water solution of 1 ,4-d i hydroxy -2, 3-butanedione is faintly 

acidic, pH 5-61 which suggests that it may be in equilibrium with the dlene­

tetrool structure (VI 1 Fig. 1). A flash of purple coloration is given when, a drop 

of ferric chloride solution is added too dilute solution of 1 ,-4-dthydroxy-2,3­

butonedione. 

A semtmicro hyrogenation of 1 1 4-dihydroxy-2,3-butanedlone in an op• 

paratus similar to the one described by sJggla (21, p.74) resulted In an uptake 

of 1.57 moles of hydrogen per mole ·of dione taken. The syrupy residue from 
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I. 
I 

lyophilization of the filtered hydrogenation mixture rapidly reduced cold Tol­

len•s reagent. Since this expeflment was only attempted once no partlcular 

signlfic:ance should be given to the incomplete uptake of the theoretical two 

moles of hydrogen per mole of diane. 

When tested with the hydroxylomlne reagent (20, p.l06) 1,4--dihydroxy­

2,3-butanedlone gave a poaitlve carbonyl tett. However, when an effort was 

mode to prepare the dioxlme by the usual method (20, p.202)no pure compound 

was readily obtalned. This effort waJ therefore obandoned. 

likewise, with semtcarbozlde a reaction takes place, the yellow color of 

the dione disappears quickly, but the product could not readily be purified. 

With orthophenylenediomine a reaction apparently takes place but re• 

moval of solvent gave a black water lnaoluble material which appeared to be a 

polymer. The conditiona for purification were not worked out. A similar black 

product WQI obtained when 2,3-dl(bromomethyl)quinoxaline was reacted with 

a.lcoholic potasJium hydroxide $Oiution or silver carbonate suspension. 

Although 2-d.eoxy•D.ofJbose hat been shown to be the carbohydrate com• 

ponent of deoxyrlbonuc:lelc aelds (18, p.398) and several deoxypentoses and 

deoxyhexoses have been prepared (18, p,l28, 371; 17, pp.66·91) there Is only 

one reference to the preparation of any of the deoxy derivatives of the four 

carbon sugars namely; the preparation of dl-2,3-c:UhyciJ)Xybutanal by Glattfeld 

and Straitiff (13, p.l386), isolated as the dlac:•tate, as an extension of Glatt• 

feld's studies on the synthetil of the C4-sacc:harinic: acids and other pouible 
I 

products of the alkaline de;radatlon of .ugan (13, p.l384). 
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The. present synthesis of dl-3,4-dlhydroxybutonal. woJ undertaken because 

of the. need In these laboratories for o ,Mf'les of anologs of deoxynuclea~lda. 

In the study of po11lble methods for the preparation of dl-3,4-c:lihydroxy• 

butanol (X, Fig ~2) note was token of the. known . inatablllty of. 2-deOKy-sugcn in 

acid media (171 p.63) and therefore methods which maintained essentially basic 

or mildly acidic conditions were . sought. The report by Friedman (9, p.5M) and 

later by Smith and Rogier (22, p.-4048) that .the nitrile group could be reduc;ed 

with theoretical quantities of lithium aluminum hydride to the corresponding 

Imine from which the aldehyde is readily obtained by mild hydrolysis made the 

use of this reaction potentially p011Jble. 

,fhe commercial availability of 3-chloro-1,2-propanediol, (1, Flg.2) with 

a highly teoc:tive chlorine mode thla a natural starting point In the synthetic 

scheme that was adopted (Pig.2). The reaction of this compound with alkali 

c:yanldea had been shown to give dl-3,.4-c:llhydroxybutyronltrlle (IV, Flg.2). 

Although the latter compound had not been Isolated by thole who had previous­

ly used It ca an Intermediate (10, 11, 12), It waa found pOMible to obtain It from 

the ox(datlon of allyl cyanide (Ill, flg.2) (2.4, p.46) with calcium permangon­

ote In o carbon dioxide buffered aolutlon. Calcium was removed as the oxalate 

ofter evaporation of the solution to a small volume. To remove exc:esa oxalic 

acid, and any oc:idlc material resultln~ from oxidation or hydrolysis, the solu­

tion was treo..d batchwlse with on anionic: exchange resin as the free weak 

base. Evaporation of the resulting solutJon at low te.,.,_,.ature gave a syrup 

that dtd not give a p01lttve test for carbonyl compounds (20, p.l26). 
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Jn an effort to ascertain when the reaction of 3-chloro-1,2-propanedlol 

with 10dlum cyanide wa1 complete-. allquofl of the reaction mixture were peri­

odically . titrated for cyanide lon. fig. 3 Is a typical plot of the data obtained 

and shoM.that at 5()0 approxlmately .SO% of the cyanide added had diaappeared 

In twa houn from the tl~ of mixing. Thia represents almost complete reaction 

since there WC1$ an undetermined exeeu of cyanide present. As a consequence 

of this de.._rminatlon, the time of reaction 'Mil shortened •very considerably 

over that ..,..d by previous Investigators (II, 12). 

From the ·information available 11t appeared that for a nitrile to be re­

duced to the· Imine only, using lithium aluminum hydride, It would be delireable 

to have ·a common solvel'lt for the nitrile and hy<Wtde (.4, p.-486~. lecause of 

Itt availability and of the greater solubility of lithium aluminum hydrt• In di­

ethyl ether, (4, p.484) It was chosen as the solvent. However, 3,4-dthydroxy ... 

butyronitrile Is IR$Oiuble In ether so· It beca.,. necessary to form a derivative 

that would be more soluble. For this reason, the cyclic ketal with acetone, ~ 

cyanomethyl•2,2-dlrnethyl-1 ,3-d Iox ol a ne .(VIII, Fig.2),. wa1 prepare.d. Ef­

forts to reduce It with the theoretical quantity of lithium aluminum hydride 

gave the theoretical volume of· hydrogen and the atartlng material upon isola­

tion In the usual manner. 

Exactly similar result~ were obtained from the attemp.._d reduction of dl-

3,4-dirnethoxybutyronltrUe (V, ffg,.2) prepared by the methylation of dl-3,~ 

dlhydroxybutyronttrrle and of dl-3-hy.oxy•4 methOJCybu"'onitrlle (11, Fig.2) 

with methyl sulfate. · 
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These results con be explained tf one CI$SUmes that the ether linkage on 

the beta carbon enhances the known actlvlty (16, pp.263-90) of hydrogens al­

pha to the nitrile group. This Is in agreement with the work of Soffer and Par· 

rotto (23, p.3S81) who foul'\d that hydrogen was evolved when beta-olkoxy• 

propionitriles were reduced with excess lithium aluminum hydride. In a private 

communication to the author Dr. Soffer states, NOn the matter of the evolution 

of hydrogen we have known for some months that a nitrile containing alpha .. 

hydrogen is essential." 

The preparation of dl .. 3,4-diacetoxybutytonitrile (VII, flg.2) by there­

action of the cNde dthydroxynitrile with excess acetic anhydride was readily 

aeco~llshed. 

The reduction of dl-3,4-diacetoxybutyronitrlle with 125 mole percent of 

llthtum aluminum hydride proved possible and dl-3,4-dthydroxybutanal (X;ftg. 

2) was Isolated 01 the diacetote (XIII, ftg.2) ond as the 2,4-dlnitrophenylhy­

dtazone (XI, Ftg.2). The 2,4-dinitrophenylhydrozone of the diaeetate (XIV, 

Ftg.2) was also prepared. 

The reduction of dl•3-acetoxy-i-methoxybutyronitrile (VI, Fig.2) (15, 

p .2463) with 75 mole percent of lithium aluminum hydride gave the dl-4-0­

methyl derivative (IX, Fig .2) of this new deoxy sugar isoJated as the 21 4-dini• 

trophenylhydrazane (Xt, Fig.2) 

The mixed aldQl condensation of benzyloxyacetaldehyde and aeetalcle ... 

hyde was suggested by the work of Eisler and Pollak (5, p.1139)who eondensed 

e t hox y a c e t a I de h y de In basic medium wl th acetalde hyde and reported 



11 

4-ethoxy-3-hydroxybutanal as the principal procl.tct. di-4-Berucyloxy•l-hy­

droxybutanal (II, Fig .-4) was obtained aa ...... product of the condenaatfon of 

benzyloxyacetaldehyde (I 1 fig .4) with acetaldehyde at 9° uafng pola•fum car• 

bonate aa the catalyst. 

The failure of the pr<KNct obtained to giw a p01ftfve Iodoform teat would 

Indicate that very little If any of the benzyloxyacetalclehycle acted as a car­

bonyl acceptor since If It had 2-benzyloxy-3-hydroxybutanal (Ill, Flg.-4) would · 

have been formed. This latter co~nd contalna a methyl carbinol grouping 

which would give Iodoform (20, p.l39) as a result of sodium hypolodlte 

oxidation .• 

Apparently the benzyloxy aubltltuent mak• the carbonyl carbon more 

potitlve and thus lncreate~ the reactivity of the carbonyl group towardl addi­

tion reactlona (1, p.ISS). If thla lncrea• In the positive character of the car­

bonyl carbon Ia due to on lncrea~ed negativity of the alpha catbon, because of 

the pr ..nce of the benzyloxy group, it would also explain the failure of ben• 

zyloxyocetalclehyde to donate a proton In an addition reaction either with lt­

Mif or with acetaldahycle when In the pre•nce of acetaldehyde. 

This view Ia In line with the work of Hurd and Abernethy (1-4, p.l966) 

who obtained very low yleldl of 2,+-dlmethoKy-3-:hydroxybutanal by the Mlf 

conderwatfon of methoxy acetaldehyde. 

The 2,-4-dlnltrophenylhydtazone (IV, Flg.-4) of dl-+benzyloxy-3-hy­

droxybutanal was readily obtained. 

R.actlon of dl-4-benzyloxy-3-hydroxybutanal with dilute hydrochloric 
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acid at room temperature did not result in hydrolysis of the benzyl ether. 

. EXPERIMENTAL 

, . All melting temperatures are uncorrected. 
'I I • 

1,4.DibrQm0•2,3-butanedione (1, fig.l): ~ pr~red by fhe method 

of flttig (8, p~207) In 56" yield and recrystallized from benzene. Melting 
• ' j ,, ' \ 

point llr>•. 

lls(2,4-dlnltrophenylhydraz:one) of 1,4-d I br omo-2,3-butanedione (II, 

flg.l): To~ mg~ of 2,4-dlnltraphenylhy.a:tiM. I" 15 mi. of glacial acetic: 

acid wos a,dded 244 mg. of 1,4-dibromobutan.dlone, The mixture was heated 
I '. 

for a few minutes on a steam bath and allowed to cool ovemlght. A bright 

orange powder precipitated. The precipitate waa collected and drted. Melt­

Ing poi.,t 2~ with decompoaltlon. 

AnalysiS& Calc'd. for c16Ht~a0a•2i C, 31.80; H, 2.00 

Found; C, 32.0; H; 2.0. 

1,4-Dihydroxy-2,3-butanedlone (Ill, flg.l)c To 50 mi. of water In a 

ruby red flask were added 5.52 g. (0.02 mole) of dry powdered pure s1ver car­

bonate and 4.88 g. (0.02 mole) of 1,4-dibromo-2,3-butanedione. The flask 

was tightly stoppered and the mixture stirred with a magnetic stirrer until the 

s o, lllt ion no longer gave a positive teat for bromine. The stirrer motor kept 

the temperature at about JSO. The solution was then fllhtred and the water 

was removed by lyophilization. The drying was continued three hours after the 

glassy man appeared to be dry. fifteen mi. of anhydrous 2-butanone was then 

added and the flask vigorously shaken. The glau changed to a f I o c c u I en t 
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• t 

solid. It wat collec•cl 1ft a frlttecl ol• CNCIW• which, affw tf.e Ci ltl of 
! . ' ' • ' 

the tlwry w. compl•d, wat protected wlth .a aalctu~ chlorl• ~I tube, 

Yield t.6 ;~~)of a r-Uowtsh whlte .htar . , lc ,.._.,, IMIHne at l2$.5­

6.rP and •compoalne ·at hlfi-~· A fvrthlr SMOII .....,..., we~~ 

talned by ewpar~Jon of the IUtr~~ 1)0 5-7 mi. 

A~~'' Calc'd fot '4H6041 C, •• H, 5.12. 

Pound; C, ~.a, H, 5,4. 
I 

-~~~,....,.lfforf!nyl!y~) of t,4ioci~CUiaM..,_ (IV, fit• 

!.!!_ 1o I~ ml ~ of o glaclof a•tlc _.cl tolutlon conhalnlng IJO , ~ 2,.4.dlnl• 

trophenylhy..1ne .- oddH 30 mg. of 1,4-cllhy*'-YbutaMc&l-.. The tolu• 

n. IM\)wn otonge pteclpllate which ,.,..., ~~wei onct ~· Yield ~ 

mg. ,(76,.). Melting ot 283-50 with ~tlon. 

Analyalaa Calc'd for Ca6HI~a0101 C, ~.17, H, 2.95. 

Founcb c. -40,2, H, 2,9. 

A .autlan of 200 "''• of tt. bls(2,4-cllnltrophenyl........) of t.~1-

...._-2,3-butanedlone In 200 Mt. of •thoftol oncl 100 tnl. ol woter woa ,._ 

fuqd for •lx hours with 200 • of 2.~nltropMnylhy-fM• 'ftw Mixture 

was then ewporotecf to about 75 MI. and fU..,... the pt'Hfpl,.. w. te­

~talllaad twice from gloclal acetlo acid. VW.Id .M "'8• of • otafttJ1t red 

~· Melting 282-30 with .-....-.at.ICMl. M._dmelt1na point with 

lals(2,+-cllnltrOfJhe!'ylhy...._) of I 1Mih~•y·213-bv to.ne d I one za~ 

with decomposition .• 
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&is(orthonilr!fhenyl hydrazone) of I, 4-d I h y d r ~x y . ~2; ~tat;'Sdlone (V., 

Ftg~ · 1)1 · To a tolutlon· prepared from 5 mi. of methanol; I ·mi. Qf water . and a 

drap of ,dilute. hydrochlorIc acid and 150 mg~ of orthonltrophenylhydrazine2 

waJ added 50 mg·. ·of I1A:-dlhydFoxy·2~3-butonedl011e • . The mixture was,~ted 

for • five minutes on o steam both. The blQ9d red. precipitate was collec:ted 

after: the · solutlon wat atloW.d to cool and . tec;rystolll~d from ethy,l. acetate. 

1Yield 1-40 mg~ (82·.5%), : melting point 239-400. . ~" . ' ' -t, \I 1 I 

.•f . :.,, .. J;ound; ·C,49.-4;H,4.2. , .: . 1 

· 3,..,.Dthydroxrbu!y!;onltrUe (1V, :f!lg.2 }:. I ~ liter of wotel' tn a 5 liter 
1 

Ithree necked flask lrnmel'$8d ·tn an lc:~lt bathi equipped wlth an efficient 

adtuatable speed stirrer and a &ltted glau gas dispersion tube ~ ~reoted 

ilowly ·with carbon dioxide. ·· Aftw twenty mlnuhts 75 g. (lo~l2 mol•) of allyl 

cyanide tn 500 mi .. of me.thonol were added. With the carbon dioxide aetaa--· 

tlon continuing the solution V~C~~Iflrted fust ~r•ldly enough to fotm a deep well 

in the center without '~>'lashing~ · 

. When tht temperature of the iolutlon feU below cP~ the dropwlae addi­

tion of ll3 g. (0.323 moles) of calctum permangcmate •tetrahydtate In 2 Hters of 

water · WO$ begun, JO that the •• hit the stlrrtng liquid near the rim of the 

center wel·l. The rate of addition was adiusted so that the temperature re­

moJned behwen -5 to ~. When the add~tlon of permanganate hod been ~ 

pleted SO 9• of acid waahed tnfusoi'Jal eatth (CeUta) were added, . stirred IS 

2. Kindly supplied by M.tq. Devlin and V ._ H. Cheldelln. 

1 
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minu:... ood ·the.JOiutton filtered • . The pr•clpltate W<l$ wa~d weli with water 

ond tl\e ~bined fUttate and WGahlnga ~• quickly evoporat•d tQ ~proxi­

mately ·400 mi. In o hl;h capacity laboratory evaporator. n. temperature of 

the solutton wa~ hetdbalow ·5S~. A.·predptklte of calcium cctrbonate and rnan­

.gane$8 (JJoxlc:Je that formed dutln9. thit 'proce. Wal r.moved by fllttatlon a·ftet 

eoollng the ICI(utton. ~te~Ultfng ~l·n yellow 10lutlon was ·treated .wlth 'ct • · · 

aUght ex~ of a tc~tutoted . ~lutlon of oxalic acid and ftltered. . 

· , "to .the flltrafe.wa, oddod 100 8• (cftrwel;ht) of IR-41 realn thcit had bien 

acttvltoted botchwlae by •shins flw ti11Mt4 with 500 mi. J>Q'tlont of a latu­

rated tolut'lon of sodium c•bOnat. followed by d.lttlUed ~ until neutrol. 

The m'bdure was &t1mtd thlr:ty minutes tNn flltwed. ·The r..uttlng light yellow 

tolution was evoporatecl u.,.r 'Wcuum to on anhydrous o t I • YJeld 71 •.5 g. 

(63.214) of yellow oily. Hqt~ld ·.otuble In watet acetone and olcohoJ, Nr•s 

l-~, de~ abovt 85~.. S.h ~o o gummy poly"* In about 2 weeb. 

Anolysltt Cote•cA• . fot C":4H7Nov C, 47•.51, H, 6. 98. 

Pound1 C, .c8.0J H, 6.9 • 

.3,4-n1ac:e!!!5}'bU!lton'htUe {VIl, Aa•2)• ln G flask flbd wUhan. effl• 

citent 1tftret and ptovlded .with an lee woter bath that waa odfua.table to cover 

the flosk to ony delfred hlloht was pJaced o Jelutton of lOS fh ·of sodium cyo­

nlde fn UO.mi. of water • . To this ·solution }¥~ added In one portion 220 g. of 

1-chl~2,3-propanecUol. As the temperature of the solution began to rl-. 

the bath was adfUJted to maintain the temperatute between 45-SSO. After ,_ 

t .e mpeta ture dropped (bath removed), the ~lutlon was Jtlrred on <lddltlonal 

r 
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hour,. · ·lt wca then mode faintly ac:tdlc by the· c~ut t of) s adclltlon of ·coneen• 

ttoted ; hydrochlottc: oc:id (HoocH tl). The preclpUat• · wat removed .by fil ~atJon 

and wQ$hed ·wlth acetone. ' lhe -combtned• filtrate and washing~ were added ·Jn a 

thin stream to 1.·5 liters ·of 4ce cold, W.ll stlrted aceton • After one hour.In 

.the tefttgerotot the solution W(3s·.filtered and 1the acetone and most of·the water 

were ·removed· at the water ,Purrip by·the II ow oddltion of the lOiutlon to o flask 

1evoeyat$d by a water pump .(Jnd,. hnmoned •in a both at 5()0. · · · · • • . • 

· . The. residue . was cooled and 220 g. of acetic anhydride and lO mi. of 

pytJdtne .._.._ ·added. There. was a rapid rJ-. fn temperature . .whith :NC• kept 

below $00. wlth q cold wotw.both. Aftef the heating tubsldt!td' 1the m1xture waa 

JOt e.$1.de.owr-ntght at room temperature. The aceth; ocid and exc:.P acetic an­

. hyctlde ..were then .removed under reduc;ed pret$$Ure. ,The realwe wcs distilled 

tn o Clalten flcak fitted wtth a caplllacy eo• inlet . teaching to the. bottom of 

the flcak through whtch -~ ·dloxfde wetS admitted so thot ,the · l,lqutd ·was 

vigorously agitated. The fraotfon dtstllttng between . 1()()..1.5° at approximately 

2 mrra. VIa$ eolleeted; the temperature of the heating bath wos betweeR 150­

1650. 

The crudf.t matetfal ·was ·fractionated under reduced prest.Jre cr approxl­

ma.tefy 2 mm. In a ~em. Vlgreux. col\lmn. : Yletd 1 J.-45 g. (39.2%) ~ a light 

yetiow Qfl .bolllng fOO..S'. , 

Analysts: Calc'd. f« C&H1tN0-4f C, .51.89; H, 5.98. 

Faundt C, 51.9; H, .6.1. 

3,4-DJmethoxybutyrCJ!!ifrUe (V, f!lg.2); . (Method A): In a I i t~r fJoak 
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equipped with a thermometer and a atlnw were placed a JOiutlon consisting 

of 58 g. of sodium cyanide and 60 mi. of wo..r and no g. of 3-c:hloro-1,2­

propanedlol were then added In one portion. The pre v I o u al y prepared Ice 

water bath wat adiusted a5 the temperature lncreaaed 10 that the reaction pro• 

ceeded In a ..mpetature range of 45-55°. After the ..mperature decreased 

(with the bath removed) the mixture was stirred an additional hour. 

The mixture waa then cooled to 0° filtered and the salt remaining on the 

filter was washed with three ..-noll portlonf of acetone. Most of the acetone 

was evaporated under reduced preaure without heating. The solution was 

then cooled to 00 or below and a solution of SO g. of sodium hydrC»Cide In 60 

mi. of water was added ck'opwlae 10 that the temperature did not rise. Thla 

operation Wa5 followed Immediately by the cWopwlae addition of 315 g. of re­

distilled dimethyl aulfate atsucharatethat the temperaturedldnotrl.. 

above. SO. The solution W4» stirred two hours following the addition of di• 

methyl sulfate, then extrac..d exhau.tlvely with dlethyl ether. The combined 

' 
ether extracts were dried over anhydrous potaaalum carbonate and the ether 

removed on a water bath. The •ldue was dlattlled under reduced pressure 

(about I mm.) while slowly admitting cor bon dIoxIde through a capillary 

reaching to the bottom of the fl*· It was euentlal that the receiver be im­

mened In a dry Ice cooling bath to ovoid undue loa of material. 

The CNde product was redlatllled through a .W em. VI g r e u x co I u m n • 

The fraction balling 45-S()O at approximately I mm. waJ retained. The yield 
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was 28.8 g. (22.3%) of .a colorless, oily, fragrant subtonce that does not 

wet clean pyrex glass, N~ 1.4232. · 

Analysis: Cale'd. for C6HuN02; C, 55.80; H, 8.58. 

found; C, 55.,6; H, 8~7. 

(Method B)c In a flask equipped. with a Hftaehberg atlrrer ~placed a 

solution of 14 ml. of water and 6 g. of sodium hydroxide pel leta. The flask 

was then surrounded with on lee ~It mlxture. When the temperature of the 

COf!tents fell below SO, 15.'4 g. (0.154 mol..) of 3-hydroxy-4-methoxybutyronl• 

trtle (15, p.2A63) were added followed by 13 ml. (O.J55 moles) of dlme.thyl 

sulfate• added dropwise at such a rate that the temperature remained between 

5° to 100. After the. addition of dimethyl ~Ifate was eo~leted stirring wos 

continued for one hour during which ttme the temperature ck'opped to · 0° or 

below. The mixture was then extracted four ti~s with ether. The ether lay• 

was removed, washed with dtlu~ acetic acid and dtled over anhydtous sodium 

sulfate. The ether WOI then removed and .the ·r•slci.e dl•tllled under reduced 

pressure through a oiO em. Vigreux column. The colorle• fraction distilling 

45-50° at approximately I mm. preuure was retained. The yl~ld was 15 g. 

(52.8%). NlJ' l ~4232. 

+-Cyanomethyl-2,2-dlmethyl•1,3-dloxolane (VIII, flg.2)1 The aytup 

obtained from reoction of 110 g, of 3-chloi'O•l,2-propanedh~l wi.th sodium cya­

nide (as in the method fot preparation of 3,~1aeetoxybutyronitrUe) after re• 

moval of the precipitated salt ond most of the water wos placed In a 1 liter 
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,.. flask with 100 mi. of ~tone and -400 mi. ·of chloroform. An ODotr~ of 

waterl: acetone ond· chloroform woa dtatUied off. The distillate . w~ clrie~ with 

· anhydrouJ . soclfum . sulfa~ and 'upturned to the fla~k. This procell· was co""" 

tlnued untU all the water was ·removed. 1'he contents of the flask were then 

filtered and returned with 15 ml, · of concentrated sulfur~ acid. Distillation 

of'the oz'eottope of water, chloroform and acetone waa contlnU4td ·untU no 

more water was detected Ill the diJtHiate {approx i motel y 20 hourt). The 

cooled contents of the fl01.k w.l'e ·Jtlrred thirty minutes with an exc:e~~ of an• 

hydrout finely powdered sodium carbonate then flltered. The light solvents 

we,.. removed ~ cUstlllatton from a water bath and the residue was dlatllled 

under reduced prenure. The fraction boiling at ~00 under approximately 

I mm. preuute was collected and redistilled under rec:klced preNUre through a 

40 em" VI gr e u x column. The fraction boll ing between q.,, weighed 9.5 g. 

(6.5%). NY, 1.4326. · 

Analysis: · Calc• d. for C7H11 N02i C, 59 .56; H, 7 .85. 

found; C, 59-.S; H, 7.8. . 

3,.._Dtacetoxybutonal (XIII, Ftg.2): A 1 liter fl$ fitted with an ef­

ftctent stirrer 1 Alcarlte protected condenser, a dropping funnel and a bath for 

a mixture of «y lee and acetone was uMd for the reaction. 

A lithium aluminum hydride solution waa prepared (4, p .-485) and ana• 

lyzed (7, p.347). An amount of 3,4-dlacetoxyb.Jtyronltrlle was weighed that 

would use 200 ml, of the above solution calculated on a basis of 1 mole of 
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. nitrile to I ,25 mole of hydtt<;!e. · . · 

· The nitrile and apptoxlmotely 200 mi. of anhydrous ether .were placed 

In the reaction fla$1<, stirred and cooled with a cry ice bath. Th 200 mi. of 

lithium aluminum hydride solution was then added . dropwtse to •the well stirred 

solution. >I I' 

When the addition was .complete the cooling bath waa removed. The re• 

actlon mixture was allowed to warm up to room temperature and ·stirred ·for 

thirty minutes. 

. A solution of 10 ml • of acetic acid In 50 mi. of waS'er was added (the 

ffrst «op very cautiously to Insure that all the hydride md reacted) and atlr­

ring was continued fot thirty mtnutes more. The ether layer was .separated, 

The aqueous layer was filtered and the ffltrate evaporated under recklced pre.­

sure~ a syrup. An excess of acetic anhydride was added together with a few 

drops of pyridine ond allowed to stond overnight. The acetic acid and excess 

anhydride were remowd undet reduced pressure and the residue was dtatllled 

using short path distillation at approximately 10-i mm. Yield from 7 g. of ni• 

trtle 2.3 g. (32.5%) of a colorless viscous syrup. 

Analysts: Calc'd. for CsH120s; C, 51.06; H, 6.43. 

Found; C, 51.2; H, 6.5. 

2,4-Dinitrophenylhy~azone of dl-3,4-dJhydroxybutanal (XI, Fig. 2): 

To a solution of 200 mg. of 2,4-dinttrophenylhydrazirut in methanol containing 

a few drops of glacial acetic acid was added 0.2 mi. of the syrup obtained 
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from reduction of 3,-4-dlacetoxybutyronlttJie after remowl of water. The mix• 

ture was ~ated for 10 minutes on the steam bath, cooled and placed ln the 

r e f r I g e r a tor •. After twa days the c_rystals were collected and waahed wtth 

methanol and water., Yield ISS mg. of light orange yellow needles melting 

J tat 115-IIJO. 

Analyslsz Calc'd. for c,oHt2N4061 C, 42.27I H, 4.23. 

Found; c, 42.1, H, 4.3. 

2,4-Dlnltrophenylhydrazone of cll-3,-4-clt~toxybutana I (XIV1 FIR. 2 )z 

Crude dl-21-4-dlacetoxybutonal (1 g.) _. added to IS mi. of freahly prepared 

•adr's reagent ·(3, p.757) and the mixture Jhaken. The precipitate, which 

appeared almost lmmedlcnly, wa1 cooled to 0°1 allowed to stand for fifteen 

mlnum and then removed by fUtratlon aftd recm.talllzed from ethyl acetate. 

Yield 1.6 g. of orange y~llow c:ryttals (86") ~· 121-122°. 

Anc:ilysls: Calc'd. for Ct4H16N40a; C, 45.66; H, 4.38. 

Founds3 C, 45.5; H, 4.1. 

21 4-Dlnltrophenylhy.azone of cll-3-hy!'oxy:4 methoxybutanal (XII 1 

Flg.2)t A reduction of 3-acetoxy-+-tnethoxybutyronttrlle (VI, Flg.2) (151 p. 

2463) was carried out a& deJcrtbed In preparation of 31 -4-dlacetoxybutanal 

but using 75 mole percent of l.lthlum aluminum hydride. The ether layer wa& 

separated, dried over anhyctous magnesium sulfate and the ether ·~rated 

using a water bath at !JJO. The resulting syrup gave a ~ltive Schiff's test 

3. Anolysis by Dn. G. Weiler and F. 8 • . Strauu, Oxford, England. 

, ,J 
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ond reducad :Tollen's solution in the cold. 

To a ·lolutton of sop ·mg. of 214-dlnltrophenylhydrazine ·tn 25 mi. of 

methanol and 1 mi. 'Of cu:etlc ·acid was added· approximately 0.2 ·g. of the 

above Jyrup. 'The ·mlxtu;e was heated for 10 mtnutes then water WQI added 

until an opalescence appeared. Upon cooling a yellow preclplt~te formed 

whic:h WCJl collected and wa~hed· with wat«. ·· · · · · · · • 

The «ied powder melteclot 7C'P. Yield 85 mg. 

·.. , Analysis: Calc•d.. for C11H14N406; C, 44.30; H, 4.73. 

found; C1 44. l; H,, 4 .5. 

4-Be.nzyloxy·3o-hy.oxybutanal (II, Ftg.4)c A solution· wor. mode at 00 

of IS g. of benzylc»<yac:etaldehyde (19, p.l910)i 6 mi. of.ocetoldehyde, 60 mi. 

of 95% alcohol 125 mi. of water and 15 g. of potoMium carbonate-. ·The tightly 

stoppered ftcak was placed In the refrlgetator ond shaken of c:Qnvenlent lntet­

vals over a period of three days. 

At the end of this time the mixture WOf saturated with potaalum carbon• 

ate ond extracted with three pottfo,. of ether. 'The extract was dried over 

magnesium aulfal·e, evaporc;ated to remove ether and alcohol then heoted under 

high vac:uum at 1 mm. until both temperature reoc:hed 14~; a 5mall quantity of 

low boiling' material distilled .over. The feslckle a light yellow oil il 4-be~ 

zyloxy-3-hydroxybutanal. Yield 15.5 g. (80~). 

Analysis: Calc'd. for Cn H1•03i C, 68.02; H, 7 .26. 

Found; C, 67.9; H, 7.1. 
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2,4-0inltrC£henylh~:clde· of ·· 4.;.be®'loxr±hrdfoxybu~l ·(1~, Fig. · 

4): 0,5 g . ·of the aldehyde and 15 ·ml• ·of freshly ptepared Bracty•·s·reagent (3, p. 

751) :were mixed and Jhaken for a few • minu*•· ln o short time a hea.vy brtght 

orange brown tar formed on .the · 1ldes and bottom of the floak.. Aftet deeanta-" · 

tlon ;of the supernatant Hqutd. and the addition of 25 ml . of methanol the tar · 

grQCfuoUy ciptaiUzed. ·· · ·· · ' · ·· " · 

Recr'yltallimtion ftam methanol gave · 0~ ·8 g. of an orange powd« l'l'lf:tlt• 

i"9 124-1250 with preliminary toftenh\g of U,O·.. • · • •I • • • 

Analy•ta: . Colc'd• fqr C'17HJsN406i ·c., 54.54; H, -4.85. ~ 

', ·..1•Found}' C.~ 54.,$; H., 4 •.$ . 1 

' I 

' ' . 
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SUMMP.RV 
,!, : i . 1 

. t,4-0Jbtomo,..2,3-obutanedl.,.. wos reacted . with •Uwr carbonate In a 
I • f 1 • 

weakly acidic .JOiutton to obtain 11+-c:llhydroxy,-2.3-buton.dlone. ,· the , bla..-hy· 

drazonet of 1,4-dlhydroxy•2,3-butanediQM were prepcnd using a4-dln1~ 

phenylhycbzlne and orthonfttaphenylhy«az,ne. I The bla(2.4-.dtnftrophenylhy• 

drazone) of l,+.dlbromo-~,s..butanedto,. upon hychlysla of the bromtnu gc:tve 

the 10me bta-hy•uone obtotned from t.,-4-dihydtoxy butonedbne. • 1 I 

r . Ev~denee of reactton between 1,4-dlhydtoxy-2, 3-butanedionct and hy-_ 

ciroJcylcamlne., . temlcorbazlde and orthophenylenedlomlne ·WOf obtained but pure 

compounds were not Isolated, .. , I .. o ,..r 

.. ·- The ttola'tlon of 3,-4-dthydroxybutytonltrtle from the hydr~latlon of al­

lyl cymtde waa eHecte<l. 1he cltmethoxy, dlacetote and l~ropyl.Jdl.,. derlva• 

threa were prepared. Ltthrum aluminum .hydride (125 mole ~) WCJJ ahown to te- ­

duc::e the dlac:etoxy d~JrJvcrttve to the dlhychxy Imine. The methoxy and Jto­

propylldene detlvotlwf react to give hydrogen wfth theoretical quantities of 

lithium aluminum hydride. • ' 

dJ-3,4-Dthydrc»lybutanal we. . Jaolot.d Of the dlac::etate and the 21 -4-dlnJ.. 

tropherJylhy•ozone• The 4.meth(»(y--Jvatlw wOJ. pre.pared .by_ teductbn of 

3""0Cetoxy-4--methoxybutyronltrlle and laol•d 01 the 2#-4-dlnltrophenylhydra­

&Ide. ' . 

I 

http:SUMMP.RV


The eondensotion of benzyiOKyac:etaldehyde with aceta I de hyde· in <In 
. . 

alcoholtc potauium carbonate tolution gav• 4-benzyloxy-3-hydroKybutanal 

as the · prin'clpal. prodvct', :It Viol ihown 'that this eompound'WCil .stable in aeid 

aoluttOI'\ at'rc:torri temperature~ 'The ·2,+-dlnltrophenylhy•aZorie _. prepc:ited., 
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