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 FORWARD

© Recent work;in 1eld of natnﬁalvprodudﬁé}hQs,
fﬁhér-spﬁdiaa of tha'sﬁquQure

¢ done in this fleld is that of

-:developed an interest

of: lignin. Among the

fﬂ,Russell, who found bhat a Friea rearrangement af the acew

u-,like material. The 1 termediates in these reactions have

' not been 1solated. It’h_s;been suggested that if it were

possible to pretect the aldahyde group from reacting
 dur1ng the Frias rearrangement by forming an aaetal, the
Intermediate cummound could be 1solabad and characterizad
‘ Tha~purpose of.bhia inveshigation was ta_study
‘the known methods‘offfé#miﬁg acetals snd find one‘or"‘

geveral that gmuld be usedgin preparing a‘variety of

. soetals to be used in fﬁ%ﬁhér investigation. In connec=

tion with the raactiens, the use of various catalysts was
,fpertinanb. Some of bhe catalysts used were hvdrogen

"gchlorida, calelum chlorida, ferric chloride, aromatic

 .iau1fon1c aclds, and othera. ‘There were no data avallakble

| comparing the sulfanio acids with the inarganic salts and

mineral aclds. Fbr that reason one of the subsidiary

"* v,preb1ems of this investigation was such a cemparison.

In ordar te 1nvegt1gate stabiliby,sevaral acetals
. were.aubjectad to.conﬁitions intended to produce ring
~ acetylation. These condibtions are the same imposed by a

Friedel Crafts resction or & Fries rearrangement .



INTRODUCTION
'i'é‘ie;s In the study of the products

| af“the Fries rearfange: b of acétoxﬁbenzaldéhydes is the

exteneive side reaetiens-rééﬁlting in s polymer whiéh has
lignin like prop@rtiag, It is known that aldehydas conu
densa with grmups eant&ining 8 labille hydrogen atom in an
al&ol type af reactian. Russell (1948) suggaata that the
monomer of the above pnlymer lg a fbrmyl acetophenone.
The monomer, eontaining_an,gldehyde and a methyl ketone
on the same aromatic ring, would be unstable in bhe pres
ssﬁae of the Lewis‘aeid required to produce the Pries
rearrangement. - |
The lignin like properties of the polymer are of

gpecial interest beaause the starting materisls are similar
to the degradation pﬁbdﬁcbénaf natural lignin and because
of the abundance of lignin as a waste by-product. Thus
any information as ﬁ@fthef&tructure of lignin would be of
importance. b |

L It has been suggested in this laboratory that form»
1ng an acetal of the aldehyde group would proteat it from
condensing during the Fries-rearrangament; The respective'
acetal of bhe mnnomer wnuld be obtained as & product. The
purpeses of this investigation was to find a ccnvenient
method of preparing aqeﬁals, to study certain catalyats
used in ascetal ermatibn; and to study the stability of the

acetals in the presence of strong Lewls acids,



ACETALS

Acetals were téaflyvir; the higtory of arga§i§
da, 1n.1855}v(Abderha1deﬁ 1011)

of methyl and ethyl alcohel

ﬁ” E7ahem1str¥* Liebig re

o ffthat the axidatien gr:

tgitheir respectiv yls. This was only eight years

__ after Wohler gkénthé'q
: 3 0rgan1c chemistry; ‘The: structure of thaaa comnounds haw»
‘”fﬂfaaVQr, wag prabahly na wn at this time., Wicke (Ahderhalden
. ,1911) prepared the ét, vethyl, ané iso-valeryl acetals
1 'of benzaldehyde in 1859 snd 1n ‘the sama year Wurtz :
‘f(Abderhalden 1911) rapotted ‘the reaet;on Qf sodium athoxida
‘ 5iw1th alpha ehlmroether, obtaining acetal. The oendensatien
of an aleohol with snfﬁlaehyde to obtain an acetal was first
'ff{freported by Geuther in 1865 (Abderhalden 1911). This was

”etaldehyde with ethyl aleohol in

7  faeh1eved by combining”
‘.;;a bamb, fivst without a eatalyst, and then with acetic scld

as. a catalyst.» The f' ' ﬁhat higher yielda were abtained

Zféﬂin less time with thel‘atalyst presenb 1ndicated the need

*~V;jf@r - eatalysﬁ in this type of reaction.

The aative eatalystévfor acetal formatien, liated
.in a werk by Lellmann (1.29), were acetie acid, dry hydrogen
‘:fg ahloride, phesphine, and ;ulfur dioxide.

vrag‘tn give hirth to mndarn o
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Pischer's work (Abd@rhaldan 1911) with glycols and
glye@ral preduced the Holic‘aaetals of benzald@hyde»

The acetala were prepare&‘ y condens1ng benzaldehyde wibh

| The method use cipally at the present tim&

| 75 £@? preparatien of aeata s was develeped by Fﬁseher and

:'Gxaha (1897 and 1698),

jjhaa been the standard method

3;d}for many years because of_its simplicity and applicability.

The method ennaiats cfffefluxing five parts of 1% aleocholic

,Hﬁl and ona part aldshyde, or allewing the mixture- to stand

' h§fnr & peried of time, neutralizing with potassium carbonate,

| and wecevering the produet by diaﬁillatiom. A relatively

o ~poor yield (36%) for the ethyl acetal of benzaldehyde was

}produced by this mehhafﬁ;f@he ylelda obtained for aliphatie

-Iﬁféémnounda wsra about 50%;-,«



‘,'ao%; Thev fnund that

ica: a'by Haworth and I@pworth (1922)
E"":":Vv‘f:w_igi'"sf}“*av_mark"éd"'iz:n;éhb'%_5?3;%‘:}:5111 onbﬁiseher'a methcd. Sgdinm
| jéﬁhéxide was used3té; 1126 the eataiyst, thus incroas=

étia»aoatél to. an avérage of

"v;gfreadily thus snggesti

. fazeotrop1c &1stillati

“ ".;ﬂwater rich layer is sepa
f Q;g;late 1is’ returnsd bo ¢

theinead to shift the equilibraunby

"1  removinp the water of_reaation.' This was acoamplished by

QYonng 8 process far dehydratian of ethanal, a mebhmd using

 Aramatic acetals were cbtained

| lin 74% yield amploying1 uch a method.

Benzaﬂe, ehhanul*“and watar form.a canstant boiling

r7,.m1xture which cannat bevseparated even by fractional distil-

‘1ation (Morton 1958). Young'a process takes advantage of

55w§5ths fact that tha abave aonstant bailimg mixture upen cooling

"'ﬁ°,w511 separate 1nto twa phasas. One phase rich in water can

_,gyf;:be separatéd and dried; yiapprepriate agents. After the

\ted and dried, the entire alstil-
létilling flaak.‘

Benzene, many oearbonsy and halogenated hydro«
'ivaarbenm form binary m1’ ufés with water and often ternary

}“mixtures with water anﬁ ”ldahel (Horsley 194?). The azee~

'igferopie diatillatian metnoa;is applicable in removing the

iigfwwatar of reaction infacetgl fnﬂmation and esteriflcatinn

frsaatimns.

‘enzaldehvde doea not form acshals o



d had beon selected as the most

The gza%&fgﬁia
",‘miaing praaticab fer preparing acetals of alde~
fhydas normally subj “de vaactioﬂao A part cf the
;ﬁﬁpérimental sectiei fcerned with the use of this

"method to obﬁain hh@_

' ,f:**and in high 31615¢  -
~ The formstion .jyﬂiic acetals of subatitutad ben-
"-aaldehyaes has been aehiavsd in high yleld by the azeotropic

 ‘“gmath0d. ‘These acetalsﬂara derivatives of the dioxana ring

"'{ﬂ_dfare jost often so

, i_racm bempsrature (Sallmi and
**h;jﬁurki 1948). |

0—-Q§z

CHg

CHy -

22 11T

ﬁﬁff?ﬁé;&iglda r&porﬁea-ﬁééjkéggg?dingfﬁq‘the 3&bstiﬁﬁéﬁ§
'  }?@§5&§§g'however’ﬁé éé ,Qfﬁfééﬁfﬁéjcbéerved. |
| . The ggrbonyiﬁé ﬁﬁ”é#yéén linkage'ié the bond

i

if;y:that ia brokan ‘on hyd 3 of acetals as pastulated by

! _;Harmans (1924). Thafa hp;ate radical wauid bs_fqrmed

'?ffin‘accordanee with, thi quthasis and aheuldteki8§ iﬁ

aglﬁable medla.- Rasg ”'_yhat are“Rnewn’to exchéngevthe

'"eagal of benz ldahvﬁa re



~'}’ aleoholate radical are thé‘orﬁhoformlc esters (IV), the

sulfurous asbera (V), Lhe nrbhosilicic esters (VI), and
the acetals (VII).

‘ The orthoformlic esters are preparsd by addiﬂg~sadiuﬁ
* to a mixture of the aleohnl and chloroform (Post 1940).
 The yields produced afé»épproximataly 40%. The acetal
is obtained from the thhﬁf&rmic éétev in aimost theore»v
tieal yleld. Th@-erthOformie ester 1s useful for preparing
",aaeiala of intermedlates but itlia not economlceal for start-
ing compounds. e
"(RO)sCH + R3CHO = R,.HC(OR), + HCOOR

| LoowvIITo .
} Y'The aulfureus1é§ter]is.praﬁuced by adding sulfonyl
enloride to an alaghelf(ﬁ§§s and Banske 1931). This re-
agent, while an effiéiaﬁt,alkylating agent, polymerizes

‘unéaturab$d'aldehyﬁeé;g*aﬁlfuraus'esters’deenmposa~in the

'~v;pvasence of aldehydes anﬁ ketcnes and & catalyst of dry

hydrogen chlmrida to preduce acebals or ketals.,



(R0)2S0 + RyCHO RyCH(OR), +. S0p

The alkaxy_gréu?ﬁ*figa,aaatal‘ean be exchanged for

~ that of an alcohol in the presence of en acid catalyst

1s brought rayidiy'tﬁlﬁﬁéﬁﬁnint of squilibrium by heating
the mixture. The ai#ﬁﬁéifdf a low beiling'aasﬁal 18 ree
placed almost eomplatéiﬁ;by a hignfﬁbiling aleohol if the
low boiling alcmhpl'ig”éiéﬁiliéd-ffnm.tha mixture.
~ Cyelic acetals are formed by the treatment of forme
_’aldéhyde with e manawelfihic hyd?aearbon in the prosencs
of oatalysts auah,as_m$ﬁ¢~éhleriﬁe,nhydraehloria’aeiﬂ,
sulfuric acld, and athaiﬁ (Friteky 1%&&). Phe reaction
.;axténda the earhon‘chﬁiﬁ,and forms a 1,3-Q1oxane Ping.
| = O,
(CHa)zHc:CHCHa;'f (2HCHO = CHg ——-Qgcﬁa
, ; CH,,
‘CH;-O/
X
Acetals of acgtglﬁ§hydé are formed upon the resction
of spetylene with sn alenhﬁl in the presence of mercuric
‘oxlde~boren hrifluaridéﬂcgbalyst (Hinton and Wieuwland
1930). This method 1s used commercially and is the subject

of numerous patents.

il
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'7';;(Farben1ndustrle 1930

Vinyl ethers an‘wan sleoohol in the presence of an

_'_aaid catalyst raaat e ’rmioally to produce acetals
_Tha vinyl ethors are formed. from

" ‘mcetylens and an alaohal by uge of an alkaline cabalyst.

The vinyl ether syntheais dmea not differ extensively.
from the synthesis empleying sodium alceoholate and the

'j}; alpha chloroether.

‘Alkane oxides g¢§§t1v1gorously with alaehydes'in
 the presenﬁ@»of»a‘trééé“aéfaﬁannis chleride,‘(ﬁeféinland -
ywiilfbng 1937). The: resulting produet ia a oyeclle acetal.
sEpiahlorohydrin reacts se vigaroualv that high dilution
and & low tamperatura ara necaaaarv. Unstable aldahydes
polymerize in the presenee of the cabalyat used in this
reection. | o | |
The hehavior of alcohuls and aldehydes in forming

~ acetals, and the behavier~of acetals themselves can be re-
u'lated to postulated machanisms of reaction and to the sbrue~
ture of the reacting material.
The formation af acebals 1g a rQVersibla process

. and 1s catalyzed by aeids and certein salts. A4n intare
-madiate in the process is thought to he a hemiacetal |
~ (Day 1950). Skrabal (1921) postulates that the formation

Unsymmetrical aeetalg can h gdu@ed by this procedura, .



"] 10r the hemiacetal is the ranﬁsdetarmining atep, an& that
. the further reaction ﬁf“

thaihemiaaetal to farm an aeatal
ts rapid, the exﬁaﬁan“ | ths hemiacetal being trensient,

- only. There are f@w cagﬁafin wh%eh the hemincetal is

mGWIZa Phe._ lwdzmlvaim ig ﬁhmmhﬁ to originate in the fore

mation of an 0xcn3um ien (an 1980) .

b - ,ﬁ+ ,; ,‘:‘ , EtOH . | .
CHaCHO =  (CHsCHOH)" =  (CHsCHOHOCgHg) + H'
+
(CHsCHOHOCgHg ) .+ H* =  (CHzCOHg=CgHg)
(CHyCOHp=0CsHg )t . + EtOH - =  CHsCH{OCoHg )y + Hz0
XTI ' |

The above mechanlism is further verifled by the observation.
that acetals are stable In base but hydrogen lon will
peadily catalyze the hydrolysis.

Adsms and Aﬁkins (1925) have made an extensive survey
af inorganie salts es eatalysts for aaeﬁal fﬁrmatiang many
weore found appliesblﬁ. snd some were inactive, COalelum
chloride and ferric @hlerid@ were found to be especially
good., The 1nerganié galts are cbjeahienablé in that ﬁhey
are known to catalyza hhe céndenaatian of sensitive alde-

hydes (Bersin end Willfang 1937), It 1s belleved that the

vy girtareacroan | N

e -



. v 10
' ae9©ates 0fvhydrcxyéb¢ﬁzaldﬁhyaea will desompose in tha
presence of bhe.aaﬁinWipﬁfganié galtss Benzenesulfonic
a61d and,pwhulu$naﬁaiﬁéﬁi§:a@iﬁ have been used in msny

Anstances as aatalysﬁs1fbr acetal formetion. The experie

_mental section sompares the sulfonic acids bto dry hydvogen

ehloride. Rty , .
‘The affiniﬁy Qfﬁgiﬁébyﬁas to form mcetals is dep@§~

dent upon their strusture (Dunbar and Adams 1924). Substie

tuents on the formyl group offer two types of influence,

8 steric effect and aﬁ»alteraticn of the elestronie ¢¢né

‘figurstion, Wyidense for this ls offered in Table I from -

the work of Hertung end Adkins (1927), snd in Table II by ~ . -

Dunbar and Adkins (1934).

It may be tentatively soncluded from the evidence
| ¢ited in Table 1‘bha§,£hs~bata substibuents of nepstive
charsoter ave the maab:aetiva while the long chain iz only
- slightly more active than the hydrogen. The diemethyl
éuafheﬁé hydroxy and.hahafﬁnaaturatian:have a deactivating
Influsnce. The following paragraphs cite morve réeent'wark
whieh.ahenlé'ﬁmrﬁhﬁr:@xpaain the influence of subatituent

BROuDs «

E
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COMPARISON OF EQUILIBRIUM STATES OF
BETA SUBSTITUTED ACETALDEHYDES AND
THEIR RESPECTIVE ETHYL ACETALS

* (Hartung & Adkins 1027)

Beta Foqul T1b7ium Beta " Equllibrium
- Substibtuent Congtant Substltuent Constanb

ooowmEel 134 CH,0 o .085

oBr e GHy01 +a0B9
o ox 207 HO 020
CHpt 085

Benze . .0018
Aldehyde ..

"”Laicsﬂll

G0t 00089

| oHgoH: ioo0h




éraent canvergioﬁ abteinedvbv

o Tahle I givea
| "Huaang flve parts mlen Qne parﬁ aldehyda, The Yom -

fitratiﬂn msfhad aimilar +0

. 'qulta wore d@bermin

. the one dssersbad iﬁ @ﬁ#im&ﬁ&al semﬁinng

| _The figures fo a1  2 tme

and. tr%maﬁbylae@taldehvdéLahaﬁ a pragrﬁsaiva lowering of

the extent of nmmvarﬁipn,tﬁ scotals. Thers oxlsts evidence

ﬁh&ﬁ,#hﬁ hraneheﬁ»ahﬁiﬁfidﬁgrﬂ affln;ty for aaaﬁa;,ﬁéf@atian. _
Cyélapaﬂbylaldéhy&@ is réther simlilar to trimethyls . N

'aaﬁt&ldahyde In its affinity for acetsl formstion;. however, ‘

553 bsara 8. ologser r@aamblanea to d*maﬁhylaaeﬁaldahyde‘

 §§ is more nearly 1ike.:$nzaldehyﬁe in soetal formation
i:‘ffdaspiha the differenee 1n the depres of saturatxamt -

The ralatimnahﬁp mf haxahy&rmb@nzgldah?ﬁa ko

'“Z*hanzald@hyﬁa in. aeeﬁal "rmaﬁian is much the samo as’ ’

‘9; ;'g@grahydrafmrfural aa krfura1¢ ‘The satnr@t@é ﬁempeunds

1

e T AT

u" ;¥hava & much higher &f' .3t7 for ae@bal fbrmstian than the

' ’funaaturatad~ in faaﬁ, are similar to sﬁraighﬁtahain

l*eemmounﬁs of similar, hbﬁ*oententw
' It 1= nnhed th
'aldahyaea, hex&hyérabenzaldahyﬂa and tetrahyﬂrmfurfnral,

‘thﬁ two multiplanav oyalie -

T

’i’.\daspiha branching at hhe alpha &ar%an.atam, have a high

._~aff1nity for aaatal fermatian. The monoplenar



ABLE II
QF’ QELFCTPD ALOO‘XOL‘B

TEF GONVE
. AN EHYDES oF AGFTALS

'& Adkims 1954)

Aldehyde
Used

Fthanal

RERT Alcchal ﬁsed
" Cyclohexyl

80

Propyl

Octanol=2

. Acetaldshydo
- Dimethyl

Acetaldehyde
~ Trimethyl

 Acebildehyde -

fff7fcvclep@ntyl~ o
;aneetaldehyde ,

- Eanzaldehyde

Haxahyﬁro

Benzaldehyde. N

”xifFurfural

;?Tatrahydra
9fFurfural

Carbinsl

43
2%
118
g
147
2
1% |
s

f%éé%f?

| 4g¥i%f1

R
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| . 14
:ﬁ  ayclapentyleldahydajhaﬁféflaﬁfaffigityf%alua whieh'is

‘atmtler to two'unqétu v;manoplahar éyclic giﬁehyaaﬁ?
henzaldehyde and ﬁurfuﬁv  ' | ,
| This further 1néﬂeataq that the sheric affeat |

ax&rﬂg a dmminanﬁ foraa uman the a?fiﬂitv and 1t nosmg

to have a @aalﬁzve effeat n eagse of the multiplmnar eyalic

aldahyda3,

- The aff“ﬂb af rfﬁg aubaﬁitut@d groups. on th@ affiniﬁy

of banﬁaldahvda to fnrm aaah&ls 18 in general paaitivs,

~that is to say, the acehals form mﬁre weadily. xtensiva :
‘ 'giAdama and Adkins (1924) regerta '

d&ta are not availgble
-%ha aeetal ef*mﬁnirrabenzalaenya@ in 18% higher yield

th&n thoe same ‘acetal mf banzaldahyﬁ&. Other éxpar#ﬁen39r81 '

, reparb high yislds €br th& aaabalﬁ 9f th@ ortho. aﬁd para
" faomers of nitrab@mzal&@hyde (8alml and Kyrkl 1946) .
Thess cases are not on # comparable basis. Thers is &
_nesd for investlgation in this fisld, o

:
:
e
i

L2 It R At I T
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ﬂ*Iﬁ?“ﬂﬁthATFs S
Aaetaxyheﬂzali ¢ will produce & lignin 11&9

.[,mﬁtarial when Lr@ata' falumiﬁum ehlari&e., This

'1m&t@rial Wﬁﬁrﬁbb&iﬁal b Rgasal; (1946) aﬁ a reéuﬁﬁ-af

n }’i’ria

&ahyﬁ&. Rusaell paatulaﬁe@ %haﬁ th@ reaetion praa@@ds
in & wanner 1nﬁi¢aheﬂ hy XTI. The intarmadiate or 0TI
._ mey 1s = mnhyarexy, & fﬁrmylﬁaabaphsnﬁn@. wnich will.
undergo an aldol cnnﬂenaatimn resulbing in the indicated
- polymer. The exgarim&n@al rasulta af-Rua&all ghow the
ﬂw_péiymar-bawb@ about‘iﬁﬁVsqluhla in biaulfiﬁeéscluﬁion |
z,f;Whiéh indloates fraa;aiaaﬁyda groups availabieq 1 ;,

CHO st OH
- -A1CLy
0COCHs , = 'COCHg

This prép@rty'ia“loat_nydﬁ,standing several days,
. The above reaction is nobt established beyond
reasonable doubt without the lsolation of the intermediate

A ‘U sk A\i[l‘ (IE1 195 5 T SO

e TR R L
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1 maaking the aldehyde by
aviﬁe snough atability during

'  éb%pbund. 1t 1s hoped
 forming an acebal: Wi

'ith@ F?iea raarrangementvtafiaalate and Qharaatﬁriza the

: mammm ¥

)

i B o
i)
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FXPFRINENTAL SECTION
PRFFARA?IOR OF ACETALS .
The prmparatinn af aaobala for this and tha
‘ fallmwing exg@rimsnts was achleved by anndenaing an
» aldehyda with an &laehal. The reaction was fasilitated

fractionating column §ﬁﬁ'a'vaauumfdiaﬁillahion apparatus.

The fraatienating eelumn (see Figure 1) was daaignﬁd
to colleot the diatillaha an& allow the heavier parbisn
of any twow-phsse ayatsm to be drewn off while the lighter
portion was raﬁurned:tégthé fractionating éaiumnAaa ro-
fluxate. It was diaéeﬁﬁ?éﬁ'thab the collection bulb re=-
guired cooling 1if affieieht phase ssp&r&tion was to be
~obtained. The lower layer was drawn off at convenient
intervals end measured.

The vaouum system uged was a gtandard type as
described by Morton (1938) with the condenser albered
 to sollect fréntiana»wigﬁﬁnt opening the ayatem. The
B pump used was a Nelaoﬁft§§e eapab1e of evacuating to 3 mm.

The firat step in the synthesis wag to place the
‘desired amounbts of aidehyd@ and sleohol in a flask f&hted
with 8 thermometer and the fractionating celumn desoribed

above, The benzene or obther enbtranent was added and the
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bath, The first distillate
came over at 69,3° and wasfin two phases. The watar

flask heated with ang*«xg

phase  (lower) was érawn aff into a graduabad eylinder at’;_

15 minute 1ntervala. Tha diatilling temparature began

to rise after aboub 50% or the theoratiaal amounk of

water was collected and'evamtﬁally the distillate no-
| longoer separated ma*m bhaées, but & élmdy portion
aeparated and was aullaehad, dried avar«anhydrqgﬁkmagnam
sium sulfate, and rﬁﬁurneafthrnugh the reflux condenser.
The drying was continued until the cloudiness of the
diztillate diaappe&réﬁ-&nﬁ the temperature Qas at 79°,-
The dlstillate was ewiléaﬁed'anﬁ set aslde until the
117° fraction had partially distilled. The distillation
was asbopped and the méﬁémial'remaining in the diastilling
flask was washed with 20% sodium bisulfite and with water
three times. - The rgau;ﬁimg organic layer was dried over
anhydrovs sodium eawhanatp, The liquid was decanted from
the sodium carbonate and distilled under vecuum. The
*fdlléwing éiabillatia@fﬁéﬁpﬁﬁatﬁres‘Wara-abaerﬁa&:

120+5 at 4 mm,,]-.zaawa at 10 mm. 139»4.93'13 .

o Butyl alecohol 1s by no means an idesl aloohol for
‘hhis methods the yielas realizaé here cen be equaled or
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 ‘ff‘1mprav@d with other aleehela. Tﬁa'aame ia trué'fbf'f
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1bensalﬁehyd$.f The abava‘f&thad af preparati@n geems to

.ba aimple and acmnami. n that expensiVe alkylaﬁing
agents ave not uaaa,“énﬂ,is‘mild in the treatment of
‘sensitive sldehydes. =

Gamylebe“remaééi*gf‘hhs wateyr as a separate phase

was not achieved in the caaa of butyl acetals The frage:
tlon distilling fram.ﬁa,ﬁ ‘to 79 degrees was 8 mixbure |
wabter and benzene binapy anﬁ bengana and butyl sloohel . -
binary mixturss. There~is nm mown ternary mixture of

- benzaeneé, water and haﬁanol (ﬁerslay 1947)+ Reagonably

 improved yields were abtaiﬂad on preliminavy experiments
by uging magnesium aulfatw»ma a drying agent.v

o The washing wibhréééiﬁm blgulfite removed free
sldehyde but aid naﬁ‘aiﬁar the acetsl. The ascld catalyst
-was also removed in th@a wash. 3Subsequent washings rew
~moved mach of the’butyl al¢chu1 and any traces of salta,

The use of sodlum asrbéngte glves better ylelds. than
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' aulaiumlchlnride a8 & &ryimg agont.

The praparatien er acaﬂala of glyeala, ethylena
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and tvimeﬁhylana, were prepared with about 96% vemoval

1

G TR AT

of the water in four haura*

The bubyl. aa@talAgf wvanillin acetabe wag prepared )
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By the dzebtrople mo
© in' general; the san
,_,hha purifieatian éﬁe
| ' There' ware pl
acatnte ‘and 38 angmgfv |
hundred. milliliters 9:\ gn@ and 0 l gram of benzene
sulfonic acid waa add&é and th@ rlask waa attachaﬁ tm

- the fractionating aolumna The procadure. pravieusly ' |
described was fallawe& until 5% of the watep was @@1~ :
 lected (1.8 grams). The mixture was extracted wibh 20%
sodium bisulfite, with water onca, with 10% sodium hy«

: drexiﬁe and three times with water. The upper layar wasg
aalleétad and dried over anhydrous godium carbonatae,

The beﬁzena layer w&é distilled at standard pressure,

nsimg an oil bath st 120° for haating; fblloﬁed by vacuum,
and then distillation at 162+3° at 3 mm.; thevyield,heing 25%.
7 Free alﬁehyde<9£iphenolia hydroxy groups were found
ito ba absent upon queiitatiﬁav@xamination'of the product..

The resulting oil produces vsnillin snd butenol when bolled
with mineral scid, Inconslstent results were obtained

when a saponification number detorminatlon was attempted.
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THE GO%?ARIS&ﬁ OF SULFONIC ACID3
T0 HYBR@GFN CRLORIDE &8 3A?h£&$?3
?he benzenasulfbnia acids were compsred ta hvdrcw
gan echloride by plﬁoiag banzaldehyae, n-butanel, and a
_eatalyst in a flask,_gn@_after a period of time, titrating

the bengaldshyﬁﬁﬂasihglEha;mehhod_gr Sigga and Maxey

(1947) with slight modificatlons. The end point cen be
d@teﬁmin@d in two wayé,Aéitner at previously determined -
optimum pH velues or s more accurate method of graphing
the change in ﬁalumavéggin$t the change in pH and selecting
_the point of iaflecﬁicn. .The resulta in Table IV were
dabaiminad by the former method,

 The butanol used in the experiments was puri fed
by fréabianating 1nva 50,esnhime§9r fractionating eolumn.
A amall amount of benzene was added to romove sny waber. ‘
The fractlon used wa&faelleetsd at 117° to 117.5° (corrected).
f@ha_ﬁanzaldahyﬁa was’purifi@é'hy waahimg‘ithith gsodium
éarbsnate solution énd7ﬂiabilling it from a standard
| aishilling flask. Tka;fréetion_eallécted at 178~179;51
was used. ; o

The first ateg in the determination of benzaldehyde
- was. to place 10 mly, kabutanol in a 250 ml. ground glaaaa"
atapparea Florerice fisékg-,xf»a:eatalyat was to be used,
.1ﬁ waa’éddad,’aﬁﬁ than‘bﬁténal wés'addeé to ﬁéka up 10 ml.
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. turbed. (This is e

- (R - e
benzaldehyde was then plpetted inbo the flask (2 ml.)
end the flask was pl ‘a water bath and shaken for
'1f1ve minut$s,’aftari :5WQ3 al19Wa&'to>atand'undia»

jga:hstwaaﬁfshaking ggéffiaak

;full time thua a 19w

,;f_scdium sulfite was adc
Wﬁjaylinder, quenching t)

”'”Efintﬁ the flask and th'

h '<qinto a 600 ml. bsakwrﬁ@q

| atbempt to compare thég

# excessive oxldatlon to take

ffplaae. or ris&ing pam, @mparature distribubion within

?°hhe gample.) AL tha ad tdme, 100 mle ef l;°mé1ar
”'the flask from 8 grﬁéuat@d
’v@aaﬁion* Twenty five ml¢ nf
‘standard aulfurie-aci&7 xﬁeximabaly 1 Nu, was plpetted
k'waa shalen by han& fmw five

;,_,lmin’teaa» At tms polr e m* xtm:»ca wag cleay &xwpt for

 'fithe;aaeta1 presont, 'Th :rasuluan& mixﬁure is next paured

py@ﬁ with a gbirver and ﬁﬁ metar
alaatraﬂas and" titpat‘ t
a 9H af 8B40

. TPable IV is 8

yhbatanﬁard.lﬁ normal base to

ﬁlﬁaﬁf:exyarimen%s done in an

Lfenie aclds to bydrogen chloride.

oA catalysts exoept. diehlareacetic aold show about equal

»¥5@i aativiby. The sulfeni@ &cida ware choaen in prafsrence

‘ to hyérog@n ehloride bacﬁusa they produce less deComposie
tion products, they ara milﬁ@r aclids, and are sasler to
~ hendle, The éichlavaae@hie acid is not cnn&idsrad to be .

useless as 1t shows mild activity.
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TH] BUTYL ACETAL OF
BENZA LDBHYD ED BY VARIOUS CATALYSTS

~imites o Keaction Time
216 30 60 540

~'§aﬁa1yst
ﬁ&sd:

~ Wo 2
Satatyst

. ch.c-a- . uﬁm

HCL

. DighIowo= .
) ic Acid
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ﬁlfbnic Acid.v | ‘ 21%‘ ;"e .'f,,ssgfl; 45%,
& . e . o " uo “" 4&%
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39% .40% 40% e 3
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THE STA&ILI?Y or AGFTAL@ UNDER
ALK?E&TING QﬁNBﬂTI@N&

 The intermeﬁia\ rmed when an arematis ald@hyae
undergaaa 8 ring aaatylatiﬁh‘waa poaﬁulateﬁ by Russell
(1947) o bhe a formalwaeetoghmnev An attampt to show
whabhar or not thara 1s a posalbility of gpﬁtggtiﬁg the
‘.aldahyda group by aeebal fcrmaﬁian was made 1n fhe fol~
1owing exyarimenﬁs; |
All of the reaﬁtxons eited In Teble V were done
‘ 1ﬁ-the gresanaa af«aluminum shloride eatalyst and acetio
'anhydriée was in moat casea the alkylating agent;

© The squipment usad was & one liter three neck

. flask, & stirping motor, and 4 small propeller. BSeveral

. speeds wore tried but the high speed motor (2000 RPH)

"bwas found to be the meat aatiafautary when used with &

”small glasy propeller,

The materials uSed'ware reagent grade and the

"',\aeetala were preparsd by the maﬁhmd éaaeribad previeualy«

. The first step in thﬁ exporiment was to weigh tha
”ffmaterials and plaae~twa eem@aments in the three neck

| flask which had been fitted with s reflux condenser ana

4_a;stirﬁer.- The third.égmpén@nt was added over a 30 mimgt@'

,pariqd in order not ﬁéj:mﬁﬁae exceossive heating. ‘?ha‘

flask was cooled in & wabter bath excopt for the reactions.
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run 8t refluxing Gﬁnd1319 $¢ Whenever: the acetic anbyﬁriﬁe

i ]A‘\[TU[

. was added lagt, 1t wai dropped from ‘8 ﬁaparatar3 funn@l | =
»thwauah ane of thé neeka. Th& &luuﬁnum ahlnriﬁa, when -

pdded laat, w&a &d&aﬁ in small pmvtians ﬁhraugh a small
'.inaakugfﬁ annﬁidﬁrabl ,;3

r
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 given .off and abaarbed in aodium hydroxide solution.
- The reaction was stiwvea fbr 30 minutes after the adé&tion

-ff;;waa eempleﬁedy The reaehiam mixture was poured. inta an

" 1ee and HC1 mixture whieh hed a layer of ether on tops i
;ﬁﬁgan eompletion of the hvérelyaia. ﬁhe entire amount of . . s

_.material was poured inbenaAaaparakory furmel and the eﬁher-“

:;_iéyer'reeévaraé.:“Thé'ﬁﬁter phase was extracted once with

' other: and dlsoarded. Thﬂ entire etheral frection was.

.T;_,waah&d onoce with dilut@ gmdium hydroxlde snd twice w%th

*,;g{water and then drled over anhydrous gaéium,earbanate¢

. he etheral fraatian waa tvanafarrad to 8 distilling

ﬂliita tash ‘the stability ef aee%ala in the pr@sanea af

."_..flask and the low hmnm ‘solvents were distilled over.

” The flaak wag haataa hysén:eil bath at 1269 The vegle

'"qffdﬁal material was éis&illeﬂ‘frem a Claissen flask a%
from 8 to 3 mne |

Table V shmwa ﬁh@ reaulﬁa of the experiments done

fi‘aluminum ehlariéa am@,ﬁg@ﬁie anhyﬁride. The mﬂlaﬁgr&ﬁiggn



,n].&a inelu&e Gxaapt i

e » i §i2V
2 £ auﬁ@idaﬁad“&mperﬁgﬁt}éﬂsugh
as,of Q, 5 anﬁ ?. Tha'mnl&r
?sﬁiaruf aluminum chla
2 was 1 5, B was 5 0, ar

ﬂa ﬁha aeaﬁal in the aas& of .

fwaa ﬁ;ﬁ.

Mﬁ'g The véaahiaa pra&ucta were not ahamma iggﬁ Wk

they exhibit some 1nﬁaresting prmparties. They oan be
divided inbo three fraéﬁiana,,on&véiatilling-at,lﬁd“
ot 8 mm., snother éistiliiﬁg atz1?0°w239° at 3 mm.,
and a third frmakion, a sali& when eeel. f .

‘The low boiling fraehian (124° at & mm;} ‘ahows &
pousitive ketone taat1but,th@ra appeara~tm be no éldéhyda >

‘present. The maﬁari&izis;iﬁsﬂluﬁlegin bisulfite solution

and no preeipltats is”fexmaﬁ~%i$ﬁﬁalgﬁhalia-aaﬁium.hiéula

fMte. Sehiff's reagént,gx?es a negativa~ﬁldanydajﬁaata

A preeipltate is ftzmé& with 2,4-*1213:1:1-tréphenylhydmzmm
The high bail&ng liquiﬁ (l?ﬁnﬁgﬂg &h 3 mm.) gav@

no raaaﬁiaﬂ to show frea alﬁehyﬁa ar ¥otione but upon-

yfbailing with éiluﬁ@ ncz, a pasibive aldahyde beat wag - givaa.

This tends to show hhaﬁvthera amulavba.some,&eata}&apraa@nﬁ,

| S




ABIE V.
*chs oF FRIEDEL '__
wron on AGETALS

—— ?roduot
Ebiling e

. : L 8 ..
Rangms o %1 6eLd

Arbmatic :
companent Tamn“ Pime
- L) o
2~?heny1 {
”dioxolane 25°

- h&réf&fsolid

bg 70 butyl acetata
: .60 gms L
b 115-25 unidentified o
S . water insol, : —
S ~ether 1nsol, T
e solid,ﬂ_‘,

"By, 65 'benzalaehyde
S 27 gms.
‘,‘313'135 - unidentified

Eutyi T i . bg 70 butyl acetate
~acetal at o Ob oo T e 30 gms e
" of benze raflux .5 hr.zoc ml.““‘ibg 124 17 gms.
aldahvde PR, Bz 175-220 10 gms.

vutyl (2)%

5 Bey at
5. ,*ah1ar1de reflux*j,;;

,:éB*Phenyl WO
 dioxolane 25° 1 h

R , "athériinsoi.
' N 082 ‘ . 8o0lid and
260 1hbr, 300ml, - _tars

BT , e =
~acetal | et b, 120-5 .lﬁ‘gms.
of benz- at 08 L
aldehgda’ reflux 1 hr. 200 ml.:..~b4 170~5 A gms.

(1) ‘The ethylena glyeol aeebal of banzaldehyde.-~
(2) -Acetyl chloride was usad here in place of acetic
S ,anhydride. ,
s oM Cly added 1ast. |
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BUMMARY

'”ina& in high yleld by remaving‘
rsgia ﬁistillatian. This 13
aane wibn a minimam af'affarh uaing g medified fraeﬁ&enw

Avetala can be

‘water mflreaatien'by

ating calnmn which ratuwna tha uﬁper layer ag refluxaﬁa.
ﬁbitber exyﬁmaiva nar hiﬂhlv reaetive reagenba are uged,

o ﬂenzeneaulfbnia &aié anﬁ pntelueneaulranie asiﬁ
havm besen found to. be approximﬁtely e@ual to dry hydragen
ahlerida in activity fbr #oetal formation. A traca of
the acid 1ls sufficient for. effeeeive catalyats.: o

~ Acetals show definite gasaibilitisa of r@maiﬁing

~steble during &»Fri@déiéﬁféfca;rggctian« VThare:was‘ncb

. sufficient tima‘ha‘eharaéharige the ppoductstbtaiﬁed;
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