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IlfTROl>UCfIOlf 

8ince the ordil'l&l7.methods for the prepa-

ration of a-diketones are rather long and rarel.7 
yield a high percentage of product, 'the attempt was 

ma.de to perfect some short, simple, direct .method 

whereby the straight and mixed a-diketones oould be 

prepared. 

Brigel (1), ma.riy years QBO, nw a possi-

bility 0£ condensing two molecules of aoid halide 

by means of metallic sodium, to give an a-d1ketone 

and sodium chloride, bromide or iodide. He attempt-

ed to do this and found dry ether to be very essential 

to the reaction. On account of the limited knowledge 

of his time he was mistaken in the identity ot bia 

product. He obtained a white, almost colorless, 

oompo'\md, crystallizing in needles and lllelting at 

156° c. (2). He called this compound benzil, think-

ing it to have the structure: 
,t 

1. llrigel -- Ann. Qhe• Ii••••· 155, 112 (>81)'17) 
2. D. 24• 1264 



but when Klinger (l) cheoked his results lle fotm4 

::Brigel 's so-called ienz11 tQ .· be iaoienz11. a ooa-

pound haTi?lB the.atru.owre:-

which is a polymer1de of benz1l s1noe when saponi• 

fied with oauatio potash it is resolved into b~nzo1o 

acid and benzoin (2). Klinger, in determining the 

structure of isobenzil found the ordinary benz11 

and benzoin formed in relatively considerable 

quantity (3). 

Klinger and Shinitz (4) then oonduoted an 

investigation of the compounds dibutyryl and di• 

valenJl according to the methods of Bruhl {5), 

Freund (6) and Munchmeyer (7). !hey :found thea to 

be doubled up in the same manner as 1aobenz11 and 

during their investigation they isolated very little 

o:f' the ordinary corresponding a-diketonea. 

(, in' (1€'11 1 
1. Klinger -- B. 16, 994; B. 24, 1271 
2. B. 16, 994 , " z. B. 16, 994 • ) 
4. Klinger and Sh1n.1 tz •- ll. 24, 1171 l1811 
e. BruhJ. -- B. 12, 168 "8'"11) 
&. rretm4 -- Ann. Cha. Pha.rm. 118 (1861), &8 
'I. JAunohaeyer-- B. 19, 153; B. 14, 1846; B. 24, 1276 

(,~ 8 b) (i 2 2 I) (! & q I ) 
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filo\or Jfe7er'a (l) work on the a-41ketones 

wo.s correlated with 1hat of JClinger an4 Standke '(2). 

Yields of 4iketone obtained. b7 a.11 of these 

1nveat1gaton·were poor a.n.4 the pro4uota obtahlel 
were very diff'icrnl t to analyze situte th:•1' would tiOt 

be distilled and on aoeount of their af:f'in1t7for 
ether, were oryatallind only' with the «reatea, 

difficult7. 
Dean a.ncl :Berohet (S) tn.Te•t1ga,e4 t'M 

action of metallic ao41u on orpnlo 1ial14.ea" 1a 

liquid ammonia. llenzo7l chloride reaoh 1Jiimel.iaff• 

17 with the liquid amonia. to gift l>eHaatl•• 

On aocounl of the aoa:re1ty anl hi.th Mat 

ot metallic soditu1, 1 t waa thought that, sine .tut 
might be subat1tute4 for it. Y. Y••orakl (-ll' 

followh&' tu metho4a ot Klinger (&), aubat1tutea 

zino in the f'ona of 4.uat for metallio socUu • .. 

empl07ed diethyl ether a.a a solvent. Ria product, 

a. thick yellow oil which ooul4.n.ot be. 41et1Ue4 or 

oi,atallize4, he 4ea1gnate4 ae beuil. 

1. ltyer, V. -- B. 21, 809 ( 1888) An Kerk. , 
2. Klinger ant Standke -- :s. 24., 1864 (, '8 '7 1) 

3. l>ean an4 Jerohet -- J. A. o. s. 51, 1821 (ltlO) 
4. !ovorsk1 -- :B. 42, 4Z5 11fo ,) 
6. Klinger -• B. 16, 994 (I g :O 



James F. morris and ». R. J"ranklin (l) 

1nvest1pte4 the a.otion ot zin,c, on beuo1l ol\l~rite 
on &.ocount of' its ana.logJ to tr1phe:nylchlormetlume. 

They eould not isolate benzil,. Zincke (JO .o\ta1rt,t4 

the sa.rae result. :&tnyl acetate n.a emplo1e4 1na'\e&4 

of ether aa the solvent and this a.ooounts tor eoae of 

the reaction products obtained. 
w. ». ,. i1atohoko (I) ob'8.1ne4 resa.rable 

results b;y forming a Qrip.ari. reac,ni f~.--•• ao~4 

halite. 41•solv1ng magnesium it,i. ti.t.e elbere-.1 ao1'111on 
i. i_.- -·:·_ - _._· • ,-: .·-: ';_ 

of the halide, a.nd then ad41• a iuant1i.,1vt .,.,.~, 
ot the acid halide. whose oarbon. .oh.a.in wa.1 4e111rtR0. .on 
one end o:tthe molecule, splitting out .u.p,ea1q 

halide and clra.wi:ng the two neuole1 tocetl:le.r to CIT, 

the corresponding a-d1ketone. Ht tant4 ud 1aol&-.t 
the organo-m&&ne s1 ua com»oun4. :e, s.441 t1on ot a tN• 
halogen or an ao14Jml14e he obtained in a :t'a1r Jiel4 

some a-diketones. 

The orgs.no~esium 0011poun4 was ob'taine4 bJ' 
1'ormins a Gripard (4) Nat£ent troa allql h&l.14e 

l. Norris & Franklin -- Am. Chem. Jour. 2,. 141 (1903) 
2. Zineke -- Bull. Boe. Ohim1•• 19, &16 · 
3. fistohenko, M.D.Y. -- Bull. Soo. Chimie• ·37• 623-

37 (1925) • • 
4. J. au.as. lbJ's. Chem. Soc. 46. 1119•12 (1914) 



and then passillg 1:n dry earbon monoxide. liaM:.O: 
ing the :free halogen or an aold hla.li4e ··to thia th• 

a-dlketones were obtaitted. 

v. 11govova ( 1) passed carbon monox14• int'o 

the magnesium derivative of trimethylohlormethane 

and by o:x1da ti011 of the pro4uot w1 tb pota.as1um· :per•· 

mange.no. te obta.1ne4 oxidi·~•d pinaocne, a 41.keltcme. 

01 llila:n.d and !la.ncht\rd ( ! )r studied th•:J 

aet1 on of carbon· aonox14e on Ori.'gna.rd • ?'eagen.ttl' and 
on.17 obt's.ined reaul ts 11'1 the· cold Wb.911 using !11.'ehl 

oa.rbonyl ae a catal.7et. • Wluni uail'Jg phenyl ~•-itlllll 

bro111leas the gr1gna.rd am forcing in oat-bona~ 
ox14e with small amounts of n1eke1 oarb&flJ'l 'tMJ 

obtained the following prbluotss !rS:phe1171 1Hihane. 

triphenyl v11]61 alcohol, pentaphentleth7l, a.'ftlt.tttra 

phenyl eth7lene. Contra.27'to what' 1aexp•oted, no 
bettzo1nder1vatives wen :f'ormed. 

!hrough the agency o:r chromic chlo'ride rcrb· 

an4 Cassa.l { &) oaused carbon monoxide to n'st tri tb 

pheny.l magnesium bromide in the ~t1~ of one mo1 ot 
ca.rbon monoxide to one mol or phenJ"l magne•iua 

l. Jegovova., V. -... J. .Ru.as. Ph¥•• Oh•. So••,. 
46. 1319-32 { 1914) . . .. , 

2. G111ilan.d and lll.anoha.t-d -- J. A. o. s. 48,410 z. Job and Oa.ssa.11 -- Compt. rend. 183, 58-60 {1916) 



bros14e. By'4rol.ye1a of 'the l'esul.1ilnge•Jou4 wl'th 

dil ae11 ,tel4a b•1u,opuooo1, t.t•phe-,1 ·ke"-••· 41• 

phea,-1 aetJtJl alcohol, Uptum.yl. l1plle?l1'laeeta.Jlao.om 

ant :eza. No carbon a».ox14e •&a abaorbe4 •·d.Aov.lrthe 

ohromto chloride betnB pr,uaent. 

:17 hea.ttag PlWll"l aagn.esiua bromite e.t 10,9 to 

ao0 a.J14 a abort liu a:,i' 110• ftsehe·r a.n4 a-.,,.... (l) 

founcl oa:r'bon mono:a:ite allaornd in ti. ratio;ot: -.rW 

one. Frola· ft grus ot l>h•Df'l bnlld.4• ••~• ••1' 
1aol&'M4.·16.6 graatt of benB01n • . 4,. graaa •"'·~ 

2 ,;.n.ma of 41pben7l &114 ... 1.1 graaa of ••zU• •~-

pere.ent of 'tb.e products bein,: 180:lated,. Para ••Ma.Ji; 

phPyl aagae81um ohl.or14• !L·iJ 110° and., 1()0. a.1aoapb.eftla· 

abaorbea oa.rbon aonc.s14e g1Y1ng JHIU"& -.11:1.t'da,, and })CU"& 

t&l111l, r1r1i7-tive pereent. et ~h• reuvion •~• 

b•Ulg 1eol&tea.·. ·. Alpha 01()1tyllcllr &b~b• ,-r;boa -· 
ox14e,. giving .at 160° an4 180 atll.oephe•a: •~d7 ... a1gb$ 

pereent al.pa napthil; naptbuu ecu.l4 no1t be. ieol.ate4. 

TripheD7l methyl llaglleBiUll ehlorida. o:r tr1J)h8;1lJ'l, 

11eth7l did not rea.ot 111 ta oa.rbon •nn•iu. llthJ'l 

magnesium bromide a.n4 oarbon110Box14e a,uo 0 pw 
2-pentene. Butyl aagneaium chloride and oarbon •on-

1. Tieoher and Sta.ppem -• Ann. 500. 15&,.,o (1931) 



ox14e give atxt7-t1ve pero-.t of '"'no1:1.••• a.q ••• 
but1l aloohtl. Iao u7l RCl'Utslwa broa14e g1vea 

sevent1 peroent ct 2: Eh 41aethyl: '-= nonene ll.,P. 

57 ... 630 at lZ mm., 0.'141, n , , i.,111 ·~4 

a compound ll. P. tG ... 110° a i a ... Plltll,1'.l ''M~l. 

magnesium ohlor14e 11vea sixt7 pereent of lJI 41• 

phenyl propene B. i. 174 ... 5o at 16 •• 07010 .· he»rl 

mapes1wa bromide a.ncl oarlum aoau:W.e at 808 tt llQo 

gives twenty-five peroent 07•.J.o laf.Qllletl'l..71•••1'•1•· 
hexa11e J. P. 111-2° at U ••• and ·10r\7•fo~ nr• 
cent ot a mixture o:r 4o4eoa].J4:nabenso1». ua4 .. 
oalqcl.ratensil, the latter l,0111».c .,._ ltt-, 0 at ,1.5 JI••, 

a.n4 ••lt1:o,; at aa0 • J.. C1oH1, Ks Ir • . 1iel4a -.,.ke"8• 
and an UJU'l&tun.••4 hJ4rooarbon that were noi 
oharaoterize4. Jro reaction occurs wiih the aagaeaiua 

deriva. ti vea o-.t PJrnJ'l brom14e. R ... llt.80~. Ul»,rt•o-
ethane or with phenyl si'l'lol>romtde or 41ethyl a.luai• 
num. Alooholatee a.re a.ocelarators ot the reaoiion. 

Ethyl magnesium bro11ide and eth7l aapesiua plu 

Ogll50 Xe Br are reported as eleotrol7tee. 
Under certain conditions a-41ketones when 

treated with grignards give tertiary alcohols (l) 

1. Atti. Aocad. L1noe1. e, 109-14 (1918) 



Thia reaction h&a~eenappl1e4. to alpha ant 
bet& diketonea by Pace (l). 

I>ehydro!kna ti on ( 2) ooeure when liftb'o•aflC!ma 

are heated w1 th mehllio ca ta.lysts. • la41ca1• foraet 

euon as OHz may pol111er1me to'benzene, •••~ lb••• 

pol71lers may-, when the o cmdltiona are ohang•tl "41~ 

compose 1:nto 'their reapeettTe oompcnenta 111 t!i• 
:preaenee ot thttH samt metals. ftte aotion8J''Of' the 

alkali. 1118tal• u. this :t1•14 hav, been b't l11rt\e 

investigated. In order to ao~ou:nt to~ eoae of the 
products reported 1:n the literature, aome suoh re• 

ac,1011a muat take pla.••• 

l. Att1. Acea.a.. L1:noe1, ,. 109-14 (1918) 
2. Cat. in Ind. Cha. - mitn4erao:n, »• 116 



the Frankla.n4 a,nthes1s of ;paratfine 

hy4rooarbons by two aoleeµlea .of t~ 

broa1nated al.lcyl with m.eta.llio zinc ha11 b1en w1.._l.7 
•~tended. wurtz and Fittig aubsti tute4 m.e\&ll1ct 

sodium. for the zinc and obtained muoh be"tter ;&:•11.Ulta. 
• r 

On aoeount of the analogy between t'.qe ~l M.-1~4•• 

an.4 tlle aoyl halides a few a.t~om;pta hs.ve lle.e:n. •¥ 
to a:pp.1¥ these •1U•hoaaa to this t.71>• OOJlllt)-4.. 

OpJI0Br f !la + BrOr 5 o4Jii10 f. !la Br 
- wu.rtz s,nth•aia 

C4H9COBr 21'a. J:r:-QOC4H9-___... (a,a.coJa + .. 
-.A.~;pl1oa.11on a,11.p:1 

!he only dit:terenoe in • the two comJ;founda 

at th• start is the carbonyl group adJaoent to tilt 

oa.rbon aha.in in the a.oyl halide. lust what ·.#h·'if 

tlrl.enc,hth1s group has on the rea.otion has not been 
1:nvest1gated to any great extent and 1s not ver:, 

well understood. The activity of the halogens. 
chlorine, bromine, and iodine is also not in cor-
respondence w1 th their usu.al a.otlv1 ty. Tlfe order 

seems to be reversed so ths:t the ohlorine 1a leae 



effntive than broa1ne Which la leas etteo1'lve 

'than the iodine. Jro work ocu14 b• fown4 on t• 

organic :tluor14es ot .this na:ture. 

fhis poaaib111ty of oon4ena1nc .- mole• 

oul.es ot acid hal.14• l>y aplittin« oui \he halogen 

by 11-.ns et some meta.l to tora Ml a.-lilceton•'antt 

an inorganic a&l't seem• v•r, eaa.1 a.t t'lret •S.Ch't • 
but on a.ceount or· the oba.racter ot ti.- nept1vi 

oxygen and the oarbo117l group the r•a.etia protuota 

are not tho•• that would orli11&r1ly be ex~etet. 
J'roa the produota of tb.1e reaet1on. 1 t caa 'be attft 

tha. t the alkali •• rta a re4uo lng il!lfl ufltoe a.ii.a 
the reduoe4 41.ltetone 1e olrtalfted 1aatea4• et the 

ord.inary a-41ketone. !his 119.7 be tu tb th• aotton 

ot some aall amount of moisture tn the tla.u ot-
reagente whioh combined with the ••tallio alkali 

to form anhy4rox14e which 1a a well kttCW11 rtttuotng 

&Bent when use4 in •thereal aolut1oil. lloweve:r, it 
the eonditions were eh&nged until ·,11e proper set-

up was tou.n4 this reaetio~ should go to completion 
as expeoted. 

In apeakin, ef the general method involved 

in the completion of this reaction. the best known 



authorities recommended that benzoyl ohlor14e 

and metallic sodium or five perc•nt sodium amal-

gam be placed in a dr7 :flask equipped with' 11oiatu.re-

proo:f reflux condensor, in two parts of ether 111 

the ratio of l:l, refluxing at the boiling point 

o:f ether on a water ba.th for from two to thrae da7a 

e.nd tben filtering, waah1ag with dry eth&ra.mtpla.o~ 

1ng in a vaouum under about 10 mm. pressure. fh1s 

removes the ether without inJuring the reaction 

produot by heat. Disaolve the product in abtJolute 

alcohol and again place in the va.cuu. Af'ter the 

third repetition of thie la.st the com.pound iso-

benzil comes down in glittering white crystals. 

Upon further· dissolving in ethyl alcohol and plac-

ing in vacuum ordinary benzil comes down aooord1n« 

to Klinger (l) in small quantities. 

Th.is method gives poor results beeauae 
the product obtained from the reaction upon being 

distilled chars and even under retuoet~1fte•trar• 
yield.s no benzi 1. Upon fraotiona.l orystallization 

the difficulty of the affinity of the product for 

ether is not overcome easily-and the product re-

l. B. 24, 1264 



tus•s to o eyeta.llize. After dietill1rJg wi:<&h 

steam for severa..l da;s the prod.uo t ia treed.. o'l 

b•nzoio acid and is e'till leas willing to oqakl• 

l1ze. 
In using mJt&llic zinc in the form ot d.uat 1 

the 1n1 tial reaction is mu.eh more :eever•• wb•• used 
1n place of me-.1110 $&411.lll but the rea.c,1ot1 pnduets 

;possess the sam• general cbaraoteri,tics a:nd 11'18:i 

therefore be of the &turle nature. 

Norris {1) u.kes the tollowµJ£ an&lOQ' be• 

tween ben:zoyl obloride, phen.yl. aeih7l ehlorid.e &d, 

triphenyl meth~l chloride: 

f 
C H50 - H 

6 I . 
Cl 

The OX7gen is negative here 

The two hydrogens are pos1t1ve 

The phei:wl groups in bra,Jctts 
a.re negative in oharaoter 

:By this means he accounts for the difference 111 

activity of the a.ayl halides and the allt7l halides. 

1. Amer. Che. Journal Vol. 23, 141 (1903) 



His results indicated that ex7gen was abaorbe4 ~r• 

the air during the reaction to fom an aahyiril. the 

zinc·ohloride formed exerts the au• intluenee •• ••• 

re~o tion that would be exerted 1n cuure of al-..tnua 

chloride used in Friedel-Kraft& ayt1theaia. Since more 
than the quantitative amount of zinc was uaed up ¢n 

the reaction. the results indicated the formation of 

an organo zinc compound. 'lo b1u1zil was obtained 'b7 

Borris in any of his experiments even when carried 
out 1n an inert atmosphere. Ke oonoludea that when 
the reaction between zinc and benzo7l chloride takes 

place. the complications involved are such tha.t·the 

products can not be interpreted b7 the fa.ota so far 

diaoovered. 

Another theoretical possibility exists where-

by a-diketones could be obtained by forming an ordi-

nary gri&nard rea.ge:n.t of an7 straight or bra.noh ohe.1•• 
brom1nated hydrooarbon and then foro1ng in dry oarboa 

monoxide. !his would torm an orga.no magnesium com-

pound 61m1lar in natu're to the ordinary gr1gnar4 aad.e 

by using carbon dioxide. but having one less oxygen 

atoms. fhe carbonyl group would go in between the 

carbon of the hydrooarbon and lb.e magnesiua: 

I 

0 
C2H5C ( 

0 Mg J3r 
ORDINAitY GRIGNARD 

II 

0 
CHO~ 

2 5 "- u ... ..... 
MODIFIED GlUGNARD 



It ahould be posaible to add free 1od1ae 

in sat\lrated ether solution to eompcnmd II,, aplit• 

ting out magnesium b~mo iodide and ~rawi:ng the two 

neuclei together to to.rm an a-diketone in \he :follow-

ing f'ashion:-

The formation of tui inorganic salt of this t7pe 

usually takes place very easily and there a.re no 

possibilities for products except the fol'lll&\ton ot 

the alpha diketone. If the organo magneaiua oompound 

could be isolated, purified and stored without de-

composition it would be a very simple reaction to 

form any a-diketone desired by adding in ether solution 

any acid halide whose group was desired. 

0 0 0 0 
t\ If 

C2H5C'\. f·C&H5 _...,.••· c2n5c - C c6a5 

j MgBr Er : 
'-- ....... -----___! 

I II 
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OompoUlld II could be varied at will and there should 

be no polymerization as when oondenstng aai.d halides 

with metallic al.ka.lis. 

Only in one instance ( 1) doe a the litttra ture 

give a. method of this general type. The resuli;ing 

a-diketones were produced in the reduced oonditton 111 

oases of hydrocarbons of lesser carbon atoms. Beat 

seemed to be all that was necessary :for the abaorpt:ton 

of the carbon monoxide by the grignarlt. In all other 

1nsta.noes some ea.ta.lyst, such as chrom1o chloride :ctr 

nickel carbonyl wauJ neoessary 1n order to f'oree the 

carbon monoxide into the ~rignard. 

In all cases the manner in which ~he ga.aeous 

carbon monoxide was absorbed was not oompletel7 under-

stood. Exactly why 1 t should not be abeorbed in tu 

same manner a.s carbon dioxide is another point allout 

which very little inf'orma.tion ooul4 be. obtained. 

The nature of these organo magnesiWI compounds 

was so little understood that M. D. v. :f1s1Joheuo (1?,) 

in 1920 decided to gtve the problem an exhaustive in-

vestigation. Since he concentrates and elal>ora.tes on 

all o1' the information available at th&t time an4 

l. Ann. 500, 253-70 {1933) 
2. Bull. Soc. Chimie 3'7. 623-37 {1925) 
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discusses the important theories according to the 

results he obtained, the general ideas and informa-

tion of h1s paper will be given in.the next p~raphs. 

In an absolutely dry apparaws one pert aoid 

halide is dissolved. in two ,parts of ether. !:\le 

a,Ppara.tus is the ·s~e employed 1n tbf prepa,:-a.tio~ of ' ~:· 

a grt&nard reagent. In the ratio of one mol .9t 

magnesium to one mol of a.oid ~al1de the ~•,aiµm 111 

the form of o.l,.ean dcy turnings is added. ihe acid. 
bromides and 1odidjts iuediately give evidence.a ,of 

reaction but the acid chlorides tail to react.. :rhe 

magnesium is dissolved in almost the quant1 t~;tive 

a.mount and in tlle cases of a.cet7l bromide. Jroi,ionyl 

bromide and the two buty17ls, the solution was divided 

into two parts. The top la¥er composed ot ether ~d 

sma.11 amount of dissolved orgs.no>magnesium compound; 

the bottom layer contains thEI tra.ns.POSfHi, ao14, bromide 

and traces of undissolved magnesiuai. :?he tw:o, 

l~era ~re filtered by mea.ns of a brom1nate4 plug of 
' '., • " 

asbestos. The viscous liquid of the bottom layer 

retraoles its ether veq energetically and must be 

dried at 140° for three houra at the end ot whioh 

time 1 t comes out as a dcy- yellow powder oorres:gond-

ing to the formula: 
which is 

slowly soluble in cold ether giving a. viscous 



solution while the ordina.17 magn.esium compound: 

R - Mg - :Br 

Upon attempting to synthesize a•dike:t-en.•• a 

Ta.riety o:f _products was obtained. The normal a-

d1ketones were obtained in every case in nall 

quantities and in some oases in yiel«a as hlth a• 

thirty percent. The cone ti tution ot the org&llO 

magnesium compounds as products of the reaeti•na 

between acid bromides and magnesium is proved b7 ,11e 

formation ot aldehydes from the prodU.ois of oon.4tn• 

sation o:t the la.at wh_en decomposed by water,· b7 th•' 

f'crmation of 41i.sovale:nyl after the 4eoompoat,1"0Ji'i:f 

t.h• magnesium. der1vat1 ve ot brom d11eovalen,.-l by 

brom isovalenyl, by formation of ether aalts of a-

diketones a11d of a.aids by the decomposition of brom 

aoyl magnesi-wn oompounds by bromine. 

By exhaustive treatment T1stchenko proved 

the _presence of the orga.no magnesium compound that 

would be :neoeasary in diketone synthesis. namely: 

but due to improper conditions failed to obtain the 

expected diketones in quantitative yields when he 

reacted. them with acid. bl"Omides or free bromine.-



-19-

- OOJCWllO,! 

Qual1t&t1Te •¥14enoe ot cla.tt011•to-.t1on 

is obta~ed b7 reaotion ot aoi'd halides w1 th mete.ll1o 

sodium in ether solution. !he reat1on seema to go 
past'the diketone a.rid f~ reduoed to aeoondary aloobol • 

. 
Some method of 9on~,rol ·i.J'l· ora,i- ~- 1119\l:l"e :Jl."O~,. eon-

ditiona must.•.'b!t·.t-Our,4 • ~~\ff Pbe ·••4'~fd. if>l-; this 

reaction . 
. In the a:t\eapta at a4.cA1~ .. ~b• to 

a. Grigna.r4 rea,cent the temie:-•t~~ .... , t.hoH'h\itO;;,M 
the oontrollin, ta.cto1:. 

a.r.e o:f primar7 .imporjanoe in ttl• auoeeaU;\11 ~di ti on 

of the gas. 



EXP ERDAD'lAL 

I. Condensat1on'of Ao1d Halides with ltetallie 

Sodium. 

liethod 

l:'lo.ce in a dry :flask one pa.rt o:f' benzoyl 

chloride dissolved in two parts o:f ether·whioh ha.a 

been dried over calcium chloride and then distlllect 

from meta.1110 sodium. Add thin clean shavings of 

meta.llia sodium, that ho.s been thoroughly washedin 

dry ether, in the ratio of one mol'of' sodium to t•o 

mols of' acid chloride. Equip the :flask with a. 

moisture-proof reflux oondensor and re1'lux on a water 

bath for from twelve to twenty-:f'our hours. The 

ethereal solution turns slightly yellow and then 

darkens tis the refluxing continues. The ether volume 

must be kept constant throughout the reaction. •• The 

socl.iu.m 1s· acted upon by the chlorine and soon the 

bottom of the :flask is covered with orytstals of 

sodium ohloride. At the end of the ref'luxing period 

the solu.tion has become almost wine colored and the 

sodium hr:1s pra.ctic~lly all been acted upon. F:tlter 

or 01:1.re:t"ull~r deoan.t the solution with repfn;l.ted 

ethereal W£u1hinr:s of the remaina in the flask into 



a flt1.Sk equipped for steam distillation. Here the 

solution is aha.ken for fi:t'teen minutes with Jeraiatent 

aaustio solution. Heat gently &n4 pass in steam. 

steam distill the solution until free of etheraad 

benzoio acid.. A da.rk red Tisoous material ie lett in 

the bottom of the flask. Remove th1a a.ncl after wash-

ing with water dissolve in ethyl alcohol. J?la.ce in a. 

vacuum dessiea.tor (no ca.leium chlor14•) and reduce the 

pressure down to about ten millimeters. In a little 

while a yellow amorphous flaky material comes out of 

solution. Repeatedly evaporate in vacuo, add a mixture 

of ether and ethyl alcohol each 'time and each time a. 

new quantity of the yellow material comes down. Fina.ll.7, 
after filtering off and saving ea.oh portion of the 

yellow flaky substance, a. brown gum rems.ins that re-

fuses to dissolve in alcohol. 

,,.ttempt to crystallize the yellow flalcy 

materi1.d from alcohol, ether, benzene, oarbon bi-

sulfide, carbon tetra. chloride, chloroform. and petro-

leum ether. This should be the diketone benz11 in 

the impure state. 

This method is the general one employed and 

was varied both in the metals used and the subsequent 

treatment of the products. 
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In order to check the ;presence ot the 

partially reduced a-diketone alcohol benzoin t-.o 
u.nalyt1cal methods were employed. 

I. Ordina17 Fehlings solution 1s prepared, .&lMlc 
added to a small amount of the z,d ~·•· 

obtained a.a a. product from the general 
method. If it reduces the Fehlings 
solution benzo1n is indicated. 

II. Oxidation ct Benzoins to Diketones wita Iodine (l). 

1. A deep reddish-purple oolor appears 1mmed1atel7 

when sodium methl"+at, 1, adde4 tQ a me'thfl 
alcohol solution ot benzoin. When a •all 

.,. "; .le' - • -3 

amount of iodine 1a ad.ded .the color qli.iokl7 
fades to a straw yellow but ,in a ,taw 

momenta the :purple color r•turna. 
2. Benzo1n color test -- The purple oolor of 

an alkaline solution ot benzo1n ha.a l.ong 

been used as a color test for both benzo1n 

and benzil but 1 t has never been evai1ia:ted 

quantitatively. 
Under conditions of the test 

benzi+ alone gives no color test, but when 

added to benzoin the test will give an 
intense color. 

1. J. A. C. S. 51, 2622 (1929) 



!he procedure ocma1•t• 1n first ,,at4tng, ·• • 

to a 10 cc. test ''tu)e one co. ot ao41um •thJ'la•• 
solution ( 4 g. of ao41u to 50 oe. • ot ••~l aleohe:>l), 

next 0.1 ao. of aa.turaie4 benmil solution• an4 .. tiaall.¥, 

anywhere from 0.02 to one· ots.: ot the •thi'l altohol 

solution e:r be11zo111 to be kstel tll.· 

Ether used in these experiaents waa dried 

in the following manner: 

Ordinary oommercial dietilel ether u. s. P. 
was dried over fused oaloium ohloride tor ten 

passed through a fast filter and metallic aodiua 1n. 

the form of small freshly out lumps or ahaT1nge 

placed in it. !his was allowed to stand until no 
more bubbles arose to the su.rf'aoe. The oalcium 
ohloric"ie tube in the oor« must be clean and fresh. 

at the end of this period the ether was d1at1lle4 
into a moisture-proof flask from freshly cu~ metall1o 
sodium. Aluminum chloride (anhydrous) was dissolved 
in it to give a clear solution. 

Almost always the metallic sodium found 

1. J. A. C. S. 49, 2584 (1927) 
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around the laboratory is found to be covered with 

a cruet of. sodium hydrate. fbis will furnish enough 

moisture to hydralj'se some of the compounds :torme4 

in the experiments. Cauatio soda in ether 1a a well _.. 

known reducing r:tgent, therefore the sodium usecl had 

to be absolutely oltu~n. The :following will give the 

clean metal: 
(l) weigh out 12 g. of metallic sodium in lumps 

:from whioh all the crust has been removed. Use a 

·common kni:f'e and dip into para:f':f'ine oil while using. 

Place sodium in a 300 oc. round bottomed :f'lask and 

cover with 30 co. of oommeroial xylene. A ttaeh an 

addition tube with sealed Joints as a reflux oonden-

aor. Stopper the t.ube and heat the flask gently over 

a wire gauge until the sodium melts - M:. P. 95.6° -

B. P. xylene 136° - 141 6 • Do not boil. Place towel 

about f'li3.sk and shake until the sodium appears in 

globules about the size of bird shot. Let stand 

until cool. Pour o:p.· the xylene and. wash twice with 

dry ether. The sodium sllonld now be used immediat&ly 

d.ue to , 1 ts quick oxidation. 
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1. 200 g. of 50'6 sodi1.1m a.malgam were placed in 

a one-liter flask equi9ped with a ver1 long moisture-

proof reflux condensor. 100 g. (82.6 co.) o~ benzoyl 

chlor1-d.a wa.s dissolved in 200 oo. of dry ether and 

poured down t'he reflux. A line wa.s drawn at the level 

of the liquid in the flask. Ether was added from time 

to time to keep this level the same throughout the 

experiment. The contents were refluxed for three days. 

Upon add1 t1cn o;f the· ether benzoyl chloride mixtur• 

the solution did not react vtolently. The oontenta ot 
the flask graduallv took Qn a 1ellow color as.the re-
:flu.x1ng was eontj.nued. 4..fter the seoond day the con-

tent• was a.bout the color of da.rk red wine and the 

sodium ohloride ha.d ~allen out ot solution and had 

oovered the bottom ot the !lask. The temperature was 

never above that of boiling ether. At the end of the 

refluxing 1eriod the dark brownish red solution wa.s 

separated from. the meroury and sodium chloride a.nd 

washed out with dry ether; fhe washing added to the 

or1 61nal and the whole divided into three equal parts. 

The first part was washed in a separatoey 

funnel with a persista.nt solution of sodium hydroxide. 

This converted any free benzoyl chloride to benzoio 



aoid. file aol.\ltioila weN then ••pl.l"atett an.4 the 
etherea.l aolution·waa s-ttam d1s't11lel until tioe•·:rroa 

benzoie aoid.. !he heaT7 yellow ayrip Maln'in, 1a the 

:tlask 1• then 41aaolve4 in try eth.er'and ;;aci~l'in a 
tlasi; wi_th oalo1Wll ohlor14• (aDhydi'ftal!' .. !his outa 

the Tol1111e .down qu.1 te .a btt. Plaee4 fri ·a ··Taouu,· the 

ethel"· volatilizes at o-noe am the sj-rup ta a1ltthat 

reaains. Alcohol was then addea.'·u.4 the aolutfo1t 'agaill 
paced under a vacuum. !fellow tlakea be'gb ·talliq out 

ot the solution and from time to time were reabied and 

41nolved ill ft'~her. !he en4 produ.ot reunlfl,g waa in• 

sol"Q.ble in al,oohol and. aoluble ln •··ther. ~th ·tn•· 
tla.ke• ·and· t}J.e end produei woul.4 re4uoe hhl1ilgs • 

solution IUl4 &1ve the ao41ua ae~h7late teat for.benzo1n, 
bu~ after J&&D¥ att.-i,ta ooul4 :not1te or7stal11zel :troa 
ether, al.aohol, -oarbon, • • :~n • chloride; 011.lorotoa, 

benzene or oaJ"bon d1ault14•. 
<" 

The second part was washed with BaBCOz and 

subJected to the same process. The r,,rol ts lt'ere ihe 

same as for the first iart. 

Portion number three was washed with die-

tilled water and subJeoted to the same process. '11• 
product was the same a.a the previous two portiona. 



2. Sinoe the yellow color developed in ez,eri• 

ment one was too intense for the 4.eaired pro4utt it 

was thought that the amalgam might possibly exert,a 

polymerizing 1n:fluenoe upon the reaction. Oonaequently, 

clean n,dium metal was su.bat1 tute4 for 1 t. ·• 

30 g. of Benzoyl chloride. 150 eo. · or ••h•r, 

and 5 g. o:f metallic sodium 1n the shot form were 

placed together under a reflux. !he rea.otlon.wa.a n1-

dent at onoe and was allowed to proceed at rooa temper-

ature. ilter there was no sign o:f reaotion in the 

flask and the Ndium. seemed to be·all 41saolvet, ,a. 
;yellow brown solution was removec1 arul waahed with Jer-

sistant lie.OR solution. !IIUllediately the solution became 

very dark brown and apparently the same as that observ-

ed in experiment one. This was steam distilled until 
benzoic acid free and subjected to the vacuum treat-

ment. The products were the same as those of experi-

ment one. 

8.. .Believing that the polymerization was ca.used 

by the :formation ot JaOH from the moisture's action 

on the meta.llio sodium, all precautions were taken to 

have conditions absolutely dry. The ether was re-

dried and the benzoyl chloride tested for moisture. 

The steam distillfl. tions were caned out in persistant 



alkali and the deep brown colored product subJeoted 

to Taoulllll treatment. This time no yellow fl~kea oame 

down at first but soon they all came down.at once. !he 

products were found to g1Te the benzoin test with 

Fehlillt''s solution a.rid with sodium methyla.te, but could 

not be crystallized from any ot the solvents used in 

ex1)eriment one. 

Upon adding the sodium in small qua:nt1t1&s 

in a small experiment the yellow color developed was 

less intense. but in doing this too much moisture go't 

into the flask and benzoic acid was the product 1n the 

ma.in. The small amount ot brown syrup was the &a.me aa 

th..~t obtained 1n e;xperiment one. 

4. Believing that o.lka.line reduction gave an 

impure benzoin instead of the expected beni:-11, it was 

thought th.at some other metal might give the desired 

result. 

(a) Jletallio ca.loium, benzoyl chlo~ide, and tw1oe 
1 ts volume of ethfJr were refluxed for two dqs. • The 

contents of the flask were removed and allowed to 

stand corked for two weeks. Only a. ve1·1 slight dis-

coloration proved that the reaction ti' an7 was ve7!1' 

slight. 



( b) Metf..1.1110 copper, benzoyl chloride and dry 

ether were refluxed for three days and a yellow color 

developed provin.g the reaction to take place. !his 

yellow aolor was caused by the oopper chloride formed 

dissolving ir1 the ether and a.:fter tvrn weeks standing 

tte onl,.y thing obtained. from it was ben2oic a.eid. 

(c) :Metallic magnesium, ben.zoyl ohloria.e and ether 

were refluxed together :f'o:r· four days. Some few 

crystals of magnesium chloride fell out of solution, 

but on the whole little eviden.oe of reaction was 

observed. 

(d) 75 oo. o! :Benzoyl chloride, a.5 g. o:t cl•an 

meta.llio' potassium, :.,prepared in the sqe 11ltUll'le r as 

$adium used in previous ex»erimente, and no ether -
were placed under a reflux. After boilins about 

:fifteen minutes the potassium. swelled up and 1'0.rmed 

a pur_ple crust over i tsel.t'. wih1 te crystals a:utparated 

on the walls of the fln.sk showing that the chlorine 

was being removed. The liquid turned dark brown in 

oolor. The ret1.ction was continued until all the 

potassium was used. up and the 11 quid obtained sub-

mitted to the general :procedure outlined. previously. 

The residue in. the flask wa.s I)Otass.tum chloride. 

The liquid gave the sc:1me :products ,:l.S those obtained 
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in experiment one. Upon boiling the brown 111,l':"U:I> 

with charcoal some of the color was reJQov•d• but 

upon evaporation of the alc.ohol solution used the 
t" ,' 

color returned and the product refused to crystal-

lize. 

( e) 30 oc. of JJenzo7l chloride• 60 oo. • ot · eth•:t, 

and 8 g. of zinc dust and & pinch·ot Cu2012·were 
;placed in a flask unc!er a ret1ux. !he rrietion -took 

place spontaneou.sly a.na was so violent.that·it lia.d 

to be cooled with water. Retluxing wa.a eoritt1nie4' • 

tor three dqs. Once a yellow solid ·cton4ensed on 

the walls of the reflux but was soon dissolved by 

the ether. !he eontents were f11tet-ed"a:t'ter r•• 

mova.l and submitted to the general proce4.ure. ·10 

benzil·could be crystall1ee4 from them. 

Attempts were made to isolate the yellow 

solid condensing on the walls of the reflux but 

this could not be duplicated. 

(f) 35.12 g. of' benzoil chloride, 100 cc. of 

ether, 15.3 g. of zinc dust and 20 g. of a.oetyl 
,, , , -

chloride were added in order as given. Upon ad-

dition of the acetyl chloride the reaction was 

violent a.nd exploded. !iothb)g recovered:. 



(g) 50 oo. of benzoil chloride, ZO co. of •-ther 

and 8 g. of zinc dust w1 th a pinch of Cu2Cl2 were 

allowed to res.et under a reflux and warmed ter ien 

minutes .a:fter the ini tia.l reaction. !he contents 

were placed in d.istill.ation appartttus and. distilled 

under a. pressure o:f 6 mm. o:f mercury. After the 

ether had boiled off'• a mixture o:f substances ea.me 

over at 51 ° /6 mm. which had a bad odor a.nd remained 

colorless. This liquid did not crystallize. :lo 

evidence of ketone odor was found and the remainder 

of the contents charred without distilling. 

5. Since the products of the reaot1ons were 

never those to be expected experiments were run to 

determine the conductivity of both reagents o.na 
produots. 

(a) Benzoyl chloride will not carry the electric 

current. therefore it does not have the properties 

of an electrolyte. 

(b) Benzoyl ohloride dissolved in ether will not 

carry the electric current. 

(o) Add a drop or two of Na.OH to (b) and the ourrent 

is curried. 



( d) The brovm syrup :from experiment one d.issolved 

in ether will not carry the electric current, :prov-

ing it to have non-elect:rolytio properties and free 

from inortr:a,nlc a odium salts. 



I 
()1 
()1 
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II. ?he Addition of Carbon Konoxide to a Gr1gnard 

Reagent with the Subsequent Removal, ot the 

.lla.gnesium Halide. 

llethod 

Set up the apparatus as shown in f'igure 1, 

and :pla.oe in flask ;., one-third o:f a mol of an allyl 

bromide dissolved. in twice its volume o:t dry ether. 

By loosening the apparatus a.t 4, add one-third of 

mol of clean strips of magnesium about·one centimeter 

long. .Add. a small amount of iodine dissolved in d17 

ether down the oondensor at D. The magnesium begins 

to dissolve and the initial reaction must be cooled 

until it-proceeds regularly. At the end of an hour 

most of the magnesium has been dissolved. keflux 

with water bath tor an additional hour. While the 

refluxing is in progress place 150 co. '.oonoentra.ted 

H2ao4 in flask Band 100 oo. of formic acid in 

flask C. Add about hal:f of the !'ormio acid to the 

H2so4 and warm. Open valve between 3 and 4 and the 

carbon monoxide generated passes into the prepared 

grigna.rd at the temperature o! boiling ether. Stir 

with the mechanical stirrer intermittantly and allow 

the carbon monoxide to pasa in :four hours at the 

temperature of boiling ether. A darkening of the 



solution will be observed. 
Set up distillation apparatus equipped w11h 

dropping f'un.nel and thermometer. By means et d171ns 

tubes on the receiver make the apparatus mo1sture-

proot. J?laoe the contents of the flask in the d1e-

tilla tion set up and add through the dropping .tlumel 
the quantitative amount of the free halogen, iodine, 

dissolved in ether, or the acid ha.lid whose grou.p is 

desired. The iodine solution immediately loses its 

oolor giving eTidence of reaction and the halide will 

form with the formation of soluble magnesium halide. 

Distill aooording to the principle of 

fractional distillation and collect the products. 

Data -
#1. Using n-amyl bromide the Grigna.rd reagent was 

formed and the carbon monoxide passed 1n. the product 

reacted with: 

(a) iodine 

(b) water 
-- iodine-like odor 
-- aldehyde odor 

(c) benzo7l ohloride-- ketone odor 

(d) methyl bromide -- ketone odor 



12. Again using n-a.lll¥l bromide the Grip.a.rd 

reagent was pr,epared and the carbon monoxide passed 

in. Ether saturated with iodine was added until a 

slight :pink product o:olor developed. Tb.is we.a .dis-

tilled. A:fter the ether passed over the boiling point 

went ~o about 60° and decomposition took place with a 

white gas passing through and a oharring taking place 

in the flask. Bo ketone odor was detected in IUlJT ot 
the products. 

Since the properties of the products obtained· 

from n-amyl bromide were not in the ordinary handbooks, 

n-pro:pyl bromide was substituted for it. 

#3. One-third mol of n-prop¥1 bromide was u,aed,, 

the Grignard Vias pre_pa.red and carbon moJ111XidAt paa,-,d 

in. The pi·oduot was removed to the d18tillat1on 

ap:pai·t1. tus mid one-third mol of metlcyl iodide wea a.Ad.e4.. 

Reaction took place. The resulti11g pro4,uot was dia-

tilled. Atter the ether had distilled off. a white 

gas that oould not be condensed came over and the 

products in the :flask tonk on a. Jelly-like appearance. 

The boiling point of the monoketone expected, methyl 

propyl ketone, is 102° o. The boiling point never 

rose above 75° c. No ketone was obte.ined. 



14,. Some of then-amyl Grignard was subJeoted 

to carbon monoxide treatment and methyl iodide was 

added. The mixture was allowed to stand stoppered 

for ten days and distilled. Ho ketone could be 

isolated. 

#5. One-third mol of n-propyl bromide, one-third 

mol of m.a.e,~esium and 150 ec. of ether were placed in 

apparatus and Grignard reagent formed. Carbon mon-

oxide was passed in for eight hours at boiling point 

of ether. Immediately the oontents were transferred 

to the distillation apparatus nnd about half of the 

ether distilled off. The quantitative amount of 

ethyl bromide was added and the distillation continued. 

The boiling point of ethyl propyl ketone which was 

expected was 122-4° O. T.b.e thermometer nev~r rose 

above ao0 c. and decomposition took pla.oe. lo ketone 

was isolated. Evidently the carbon monoxide does not 

go in at this temperature. 
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