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ABSTRACT

This paper describesasimple, efficient and inexpensive method for trans-
formation of aromatic aldehydesto corresponding dimethyl and/or diethyl
acetalsusing TCT ascatalyst. Comparing other known methods, this method
isfast and effective without obligation of using ortho-estersas acetalization
reagent. Also this new method is chemoselective for aromatic aldehydes
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INTRODUCTION

Acetdlizationisoneof themost important and use-
ful protecting methodsfor a dehydesand ketong™3. Fur-
thermorethey can beeasily convertedto avast variety
of other useful compounds so serveas useful interme-
diatesinorganic synthesis. Acetdyzationisusually car-
ried out by reaction between carbonyl group and a co-
hol and/or its corresponding ortho-ester in presence of
an acid catalyst. Several methods have already been
reported for formation of dimethyl acetal §4° and di-
ethyl acetal 919, Also there are different methodsfor
theformation of 1, 3-dioxolanesby using ethylenegly-
col in presence of an acide catalyst*4. Furthermore
therearedifferent mild methodsfor theacetaization of
adehydesunder neutra conditiong*17,

2,4, 6-trichloro[1, 3, 5] triazine (cyanuric chloride
or TCT) isaninexpensive, non-volatile, safe and ad-
equate reagent. Itshigh solubility in organic solvents,
which makesit anideal catalyst for organic syntheses
alsoitswaste product (cyanuric acid) whichisanon-
hazardous substanceand isreadily removable by wa-

ter madeit asagood candidatein organic synthesis.
For thesereasons, it has already been used vastly for
preparation of different compounds such as
benzoxanthend*®, dihydroxypyridined'¥, Thiiranes®,
bisindolyl methanes®, isonitriles?, akyl chlorides?,
o, o-bis (substituted-benzylidene) cycloalkanones®,
ddihydropyrimidinong? and Beckmann rearrangement
product!+2s],

RESULT AND DISCUSSION

In continuation of our studieson developinginex-
pensiveand environmental ly benign methodol ogiesfor
organicreactiong®34, wereved hereinfor thefirst time,
TCT catalyzed the conversion of a dehydesto the cor-
responding acetalsin good to excellent yieldswith a
vast variety of ddehydesusing both methanol and etha-
nol as the reaction medium at room temperature
(Schemel). Theversatility of TCT and itslow cost,
dsoitsefficiency inthevast variety of organictransfor-
mationsand itsfacilework-up encourageusto investi-
gate present study. To the best of our knowledge, there
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isno literaturereport ontheacetadization of ddehydes  acetdization reaction. To study thelimitation of a cohol

under these conditions (Scheme 1). amounts, weinvestigated somereaction conditions.
(0] TABLE 3: Optimization of acetalization of different alde-
)J\ ROH/TCT, RO><OR hydeswith mghanol at room temper ature?
Ar H - - -
RT A~ H Entry Aldehyde Time/min. Yield%"

Scheme1: Acetalization reaction from aromatic aldehydes 0
using TCT 1 ©—< 5 92 (90)°

Aswementioned earlier TCT hasnot yet beenused "
for these typesof acetalization so we decided to useit 2 F4©—< 17 93
ascatalyst. For example DDQ havebeenused for this (')*
acetdization butitishowever rather corrosiveandtoxic 3 N < > { 15 %
fromTCTE2, H

To establishthe best conditionsfor acetalization of 13 9%

aromatic a dehydes, we started with benzal dehyde. To
study thelimitation of catalyst amountswe explored

N
@

O

IE o

somereection conditionswhich resultsare summari zed
inTABLEL. 5 Hoo T 80
TABLE 1: The optimization of TCT concentration in
dimethylacetalization of benzaldehydeat room temper ature o
Entry TCT/mmol MeOH/mL Time/min %Yield? 6 © 12 89
1 0.000 9 1440  No Reaction \ / .
2 0.005 9 5 85 o
3 0.016 9 5 92 7 S 15 79
4 0027 9 5 83 \ H
5 0.038 9 5 86 o}
ayields are detected by GC 8 Me4©—< 6 81
H

AsitisshowninTABLE 1, thebest quantity of TCT
i50.016 mmol And morequantitiesof catalyst decreases 9
thetotal yields (TABLE 1, entries 3, 4 and 5) so we
used 0.016 mmol Of TCT indl our experiences.

180 (90)°

o)
N
P4
- o J]g
- o
© ©
N N

o _ o 10 180 (90)°
TABLE 2: The optimization of methanol in acetalization
r eaction between benzaldehyde and methanol in presence of ON
0.016 mmol of TCT at room temperature 0o
Entry  Time/min.  MeOH/mL  %Yidd® 11 w  360(180" 83
1 5 3 82 NO,
> 4 8 12 7 30 70°
3 5 5 89 e .,
4 5 6 92 O
5 5 7 92 13 H04©—< 30 65°
H
6 S 9 92 @ reaction condition: aldehyde (2 mmol), methanol (6 mL),
2 yields are detected by GC TCT (0.016 mmoal); * yields ar e detected by GC; ‘isolated yield;

N . . ¢ refl
Asinthisreaction, acohol isemployed asone of e

the reactant aswell asthe solvent soin second goa we Theresults of the acetali zati on reaction between
decided to optimize alcohol concentration in the benzadehydeand methanol in presenceof 0.016 mmol
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of TCT ascatalyst at room temperature are summa-
rizedinTABLE 2.

Asitindicatedin TABLE 2, thebest yieldswere
obtained by employing 6 mL. or moremethanol asre-
actant and solvent (entries4, 5and 6) soweuseditin
all our experiences.

To study the scope of this procedure, the
acetalization reactions of aseriesof variousa dehydes
with methanol a room temperature have been studied.
Theresultsaresummarizedin TABLE 3.

Asindicatedin TABLE 3, thereaction workseas-
ily for avast variety of aromatic al dehydeswith differ-
ent groupsto givecorresponding dimethyl acetd ingood
toexcdlentyidds.

Itisimportant to notethat it seemsthat aldehydes
with halogen groups on paraposition (TABLE 3, en-
tries2, 3, 4) provide higher yields. Alsoit isnotable
that thisconditionisreliablefor other aromatic alde-
hydeslike 2-ngphtal dehyde, furan-2-carbaldehyde and
thiophen-2-carbaldehyde (TABLE 3, entries5, 6, 7).

Ontheother hand, it seemsthat in the case of aro-
matic aldehydeswith astrong el ectron withdrawing
group, thereaction complete dower but theyieldsare
excellent (TABLE 3, entries9, 10and 11). It d'so seems
that inthe casewherethenitro groupisin ortho posi-
tion, thereactionisdower. Thereason however, seems
to bethe steric hindence. It would beinteresting to test
thishypothesisaswell, but it felt outside the scope of
thecurrent investigation.

Astherearemorelimitationsinthesynthesisof di-
ethyl acetal 9%, wedecided to test our new condition
for diethyl acetd stoo. Tostudy thisgod, theacetdization
reactionsof aseriesof variousa dehydeswith ethanol
inthe same conditionsat room temperature aso have
been studied. Theresultsaresummarizedin TABLE 4.

Fortunately asindicated in TABLE 4, thereaction
workseasily for thevast variety of aromatic adehydes
with different groupsto give corresponding diethyl ac-
eta ingoodto excellent yieldstoo. However in afirst
glanceit seemsthat theyieldsarelower comparingwith
dimethyl acetd s, but comparing the other methods of
diethyl acetdization, theyiel dsare compatibleand even
in some cases they are bette®l. However, the alde-
hydeswith halogen groupson paraposition (TABLE
4, entries 2, 3, 4) provide higher yieldsastheir corre-
sponding dimethyl acetals. Also it workswell for other
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aromatic aldehydes like 2-naphtaldehyde, furan-2-
carba dehyde and thiophen-2-carboxa dehyde (TABLE
4, entries 5, 6, 7).

TABLE 4: Optimization of acetalization of different alde-
hydeswith ethanol at room temperature?

Entry Aldehyde Time/h  Yield%"®
(0]
1 ©_< 0.30 78
H
O
2 F©—< 0.50 83
H
O
3 C|4©—< 0.60 90
H
O
4 Br4©—< 0.50 90
H
(0]
5 H 040  64(95)
(e}
O
6 0.25 81
\ / ™
(0]
S [+
7 030  62(95)
\ /™
O
8 Me4©—< 015 66 (97)°
H
O
9 ozN4©—< 500  81(99)°
H
O
10 Q_(H 450 88 (99)°
O,N
O
11 Q_(“ 8.00  65(99)°

NO,

a reaction condition: aldehyde (2 mmol), ethanol (6 mL), TCT
(0.016 mmol); ® yields are detected by GC; © reflux

On the other hand, it seems that the same order
exigsfor aromatic a dehydeswithasrong dectronwith-
drawing group, it meansthat theyieldsarelower and
thereaction needsto moretimeto be complete but by
refluxing theyieldswould beexcdllent (TABLE 4, en-
tries9, 10 and 11).
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Asindicated above, in the case of aromatic a de-
hydeswith an electron withdrawing group (TABLES 3
and 4, entries 9-11) thereis anotable difference be-
tween theyieldsat room temperatureand reflux condi-
tion. It meansthat in the case of aromatic a dehydes
with an electron withdrawing group, refluxing thereac-
tion mixturedecreasesthereactiontimeand/or increases
theyields. Although the reaction was sufficiently fast
and efficient for other aromatic a dehydes, we have
decided to investigate some experiencesto study the
temperature effect onacetdization reaction. Theresults
aresummarizedin TABLEDS.

TABLE 5: Optimization of acetalization of different alde-
hydeswith methanol?

Entry  Aldehyde  Time/min. Temperature Yield%"
1 P 5 ambient 92
" reflux 92
(0] .
< > { ambient 93
2 ¢ y 1 reflux 94
(o] .
ambient 96
3 «a < > <H 15 reflux %
0] .
ambient 96
4 e < > /<H 13 reflux 97
(0]
ambient 80
o
o ambient 89
6 \ / H 12 reflux 89
o)
S ambient 79
7 \ / H 15 reflux 79
o] .
ambient 81
8 e < > <H 6 reflux 81
0] .
< > ( ambient 65
9 ow y 90 reflux 97
O
ambient 65
10 : H 90 reflux 97
O,N
O
< 3—4 ambient 60
1 H 180 reflux 83

NO,

a reaction condition: aldehyde (2 mmol), methanol (6 mL),
TCT (0.016 mmol); ° yields are detected by GC

Asindicated inTABLEDS5, for most of thearomatic
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adehydesthereactionissufficiently fast and efficient
and refluxing doesnot changetheobtainedyield. Butin
thecase of aromatic aldehydeswith e ectron attracting
groups, it seemsthat thereaction rateisslow and re-
fluxing couldamdioratetherateandtheyields(TABLE
6, entries 5, 9-11).

Findly totest thechemosd ectivity of thismethod we
investigated some experiences. Wetested our optimum
conditionsfor acetalization reaction of somearomatic
ketoneslike actophenone, benzophenone and benzyl
phenyl ketone. Theresultsaresummarizedin TABLEG.
TABLE 6 : Chemoselectivity on acetalization of aromatic

carbonyl compoundswith different alcoholsin presence of
TCC at room temperature?

Entry Carbonyl Alcohol Time Yield%"
5

o] MeOH min. 92

1 ©—< EtOH 20 78
H ProH min. nr

1 day

O MeOH 1 day nr

2 ©—< EtOH 1 day nr
cH; n-PrOH 1 day nr

o MeOH 1 day nr

3 ©_< EtOH 1 day nr
Ph n-PrOH 1 day nr

o MeOH 1 day nr

4 ©_< EtOH 1 day nr
Bn n-PrOH 1 day nr

a reaction condition: aldehyde (2 mmol), alcohol (6 mL), TCT
(0.016 mmol); * yields are detected by GC

Asindicated in TABLE 6, the reaction does not
work for aromatic ketonseven after 24 hours(TABLE
6, entries 2 and 3). So this method is totally
chemosel ective for aromatic aldehydes and aromatic
ketons. Asthe reaction does not work for n-propanol
(TABLE 6, entry 4) the steric hindence should be at
theorigin of thesefacts.

CONCLUSION

In conclusionto the best of our knowledgethereis
no report availableintheliteraturefor acetalization of
aldehydesusing TCT ascatayst furthermoreour new
method providesasmple, fast, efficient andinexpensve
way to transformation of aromatic aldehydesto corre-
sponding methyl and ethyl acetalsin good to excellent
yidds. Furthermorethismethod issmple, fast and effi-
dentwithout obligation of usngorthoestersasacetdizaion
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reagent and al so does not invol ve ha ogenated sol vents
which areimportant from economic and environmentd
view point. Alsothisnew method ischemosd ectivefor
aromatic a dehydesversusaromatic ketones.

EXPERIMENTAL SECTION

General

The chemicals were purchased from the Fluka,
Merck, andAldrich chemica companies. TLC on com-
mercia aluminum-backed platesof silicage 60 F254
was used to monitor the progress of reactions. Alsoin
amost al casestheprogressof reactionswasfollowed
by GC. Theseanalyseswere performed by aGC-17A
Shimadzu instrument. The IR spectraweretakenona
Perkin-Elmer, model 783 spectrophotometer. The
NMR spectrahave been recorded by aBruker AM X -
300 (300 MHz) spectrometer with 7-10 mM solutions
inCDCI, inthe presenceof tetramethyl silanasinternd
standard. The chemical shiftsare expressed in parts
per million (ppm), andtetramethylslane(TMS) wasused
asinterna reference.

General procedurefor theacatilization of aromatic
aldehyde

Inatypicd generd experimentd procedure, asolu-
tion of benzal dehyde (2 mmoal) in6 mL of methanol inthe
presenceof TCT (0.016 mmol) wastirred & room tem-
peratureand thereaction wasfollowed by TLC until the
darting materia sweretotaly consumed. Theresulting
reaction mixturewas quenched by saturated sodium bi-
carbonate (1 mL). Water (3 mL) then was added and
the solution was added with diethyl ether (3x15mL).
The organic layer were collected, washed with water
(2x3 mL), dried over MgSO, and finaly evaporated
under vacuum. Thecrude product was purified by col-
umn chromatography and/or vacuum microditillation.
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