CHAPTER IV

‘RESULTS AND DISCUSSION

In this resea

M, gfa’propylbutyl)-l,S-dioxolan-
4-ylimethyl sulf @hesized. Firstly
- —

2-propylpentanal different synthetic

methods. Th action of +triethyl

orthoformate wi “ignard reagent, and

(b) the acetate with the

corresponding Gr atter was preferable

since it gave muc roceeded more smoothly

than the former. S propylbutyl)-1,3-dioxolan

-4-ylIimethanol was “w:v»wgﬂf rom the condensation of

glycerol wil@ﬁ——“—“““'“’ 711 the presence of

p—toluenesulfonlg acid ra ateﬂﬂas the catalyst.

Finally, [2¢ gd-propylbutyl)-1,3-dioxolan-4-ylimethyl

sulfamate &J]au ﬂgfﬂﬁ nljmw Hg ﬂiction of sodium
alkoxide of [2-(1-p mb ) -148-dioxolan®-y1imethanol
and %iﬁ;})ﬁ Qnoi ﬂﬁlg ﬁ%jrjha E‘I situ from
the reaction of formic acid and chlorosulfonyl isocyanate.:
| Since both 'sodium alkoxide of E2—(1—propylbqtyl)-1,

3-dioxolan-4-yllmethanol and sulfamoyl chioride were highly

reactive, they reacted immediately.
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Ethyl formate

This compound represents ester type. The mixture
of formic acid and absolute ethanol was refluxed for

several hours. (Figure 55-A)

This re§ &le process and proceeds

very slowly. hl . w»a-,y imolcular quantities of

the acid and \ \\\\" nly about two-thirds

of +the theor of ester is obtained.

Sie \,»\. eld
According to t i ’\\'\\OK\F e equilibrium may be

“ - \
displaced in _o?ﬁtﬁf ester by the use of an excess
[ i

of one of the .co ntgls f {> frequently convenient to

'fﬁﬁ.;

use an excess of the in this case, an excess of

formic acid was St € is a comparatively

strong acid.zgﬁ———‘“—"—”—‘ L}a does not require

the use of aé@ed m “acids sucﬂm as sulfuric acid to

catalyse the refietion. Sulfuric acid in any case should

"not be ﬂiuﬂq wﬂnimamljsmion of formic
Y Wﬁéﬁﬂﬂ*ﬁm URIANYIAY

The acid-catalysed esterification reaction usually
proceeds via an acyl oxygen fission process. This
involves the cleavage of +the bond between the original
carbonyl-carbon atom and an oxygen of an hydroxyl group in
the intermediate arising from nucleophilic attack by an

alcohol molecule on the protonated carboxylic acid group
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Q@
A. HC-OH + EtOH — H?:-OEt + H0
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- -
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as shown in Figure 55-B (Furniss et al., 1991).

This compound was purified by fractionating
distillation. Its boiling point was about 52-54°C. (lit.

53°C, Furniss et al., 1991).

-4-Heptanol

This q!ﬁf",f# wﬂ. i;\ secondary alcohol. To

obtain 4-he Grignard reagent,

propylmagnesiu :h 1 mole of ethyl
formate. The on““.‘ 'Lw*\u ignesium bromide was

easily obtained is a reactive organic

. aadocis, + ,
halide. Great cargﬁfﬂ---r; de taken to assure complete
dryness of solye sed (die er ); magnesium turnings
and apparat 'gf__ which reacts with

Grignard reagenm Tesulting alkﬁmagnesmm halide is
o sl UEL ﬁjﬁ ﬂﬁ%‘?ﬂﬂ‘iﬁ » IR
| W”]%W ﬂ"i‘iliil‘ﬁ"lﬁml’l of

The true structural nature of the reactlve'species
in solution is uncertain and for convenience the reagent
may be represented as a polarized species as shown in

Figure 56-B.
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: Et
A. C3H7Br + Mg —22> C3H7\M KO.E12
B~ “OEt,
= D
{0
C. H-C-OEt —>
.'\- C—'C3H7+ EfOMgBI’

Figure 56. A. The ordHe o

| % PTOpYy lmagnesium bromide
B. The stru:

p——
fsan
rrs‘

IR esenting Grignard reagent,

o\

i ‘ !. mation of 4-heptano]
AULINENINYINg
ARIANTUNIINGIAE
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The reaction of propylmagnesium bromide with ethyl

formate followed a three-step mechanisms, namely
nucleophili¢ addition, then p-elimination and then
nucleophilic addition again. Since the product of

addition elimination path was more reactive +than the

original substrate (et he second attack by

propylmagnesium The overall pathway

may be represent 7 'ﬁ 6-C (Furniss et al.,

1991; Scudder,

re, water was then

added slowly to m salt and followed

by sufficient e as hydrochloric or
sulfuric acid to dissdd ﬁg"; : gnic salts.

Lot F‘J AT

B el A . '

Simple distillation.

rhe. Bpiilng p“’@ was about 18 5°C.m(lit, 156°C, Furniss
t al., 1991).

ﬂuEJ’J‘VIEJmWEMﬂi
- @9:155mmaawfﬂmea::i::

showed the strong and broad band of O-H stretch vibration
between 3600-3100 c¢m . The broadness was due to hydrogen-
bonding. The C-H stretch band appeared between 3000-2840
cm~>. The C-H bending bands were between 1480-1350 cm .
‘The C-0 stretch bands appeared between 1160-980 cm  *. The

broadness in this region was characteristic of secondary
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alcohol.

4-Chlorotheptane

This compound r

sents secondary alkyl halide.

e
Ifllll"’at.anol was heated with the
i'Aride in concentrated

- ———

To obtain 4-chloro
solution of

hydrochloric ide ion 1is a weak

nucleophile, A &MET’QE;-adily with secondary
4 ; AN :

to the reactio X N 1loxride forms complex with

alcohol. Lew oride must be added

alcohol through inshared electrons of
oxygen.
The oh S_.1 mechanism as

mons, 1992 ).

U

shown in Figung'

RO P12l 111 i) e e
“ARIANIUNNINYIAY

The IR ‘spectrum of 4-chloroheptane (Figure 20)

showed the strong C-H stretch band at 3000-2800 cm” ~ and
medium. C-H bending bands at 1480-1360 cm . The medium
~bands at 780-590 en”* represented C-Cl stretch vibration.
The pfofusion of absorptions in the region between 1300-

800 cm = was characteristic of alkyl chloride.
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Ethyl chloroacetate

This compound represents ester type like ethyl
formate. However in this case, concentrated sulfuric acid

was used as the catalyst and an excess of absolute ethanol

was used instead of acid.

a8

———
After !

hours, an az - off ' u ﬁqgh\ : formed and ethanol

‘ \\ ater formed from the

ium to be displaced

as refluxed for some

was distilled.
reaction caus

in favour of nism of the reaction

was the same of ethyl formate which

was previously described.
- _..‘ o

L= = A

"%imple distillation.

(] &
Its boiling poiﬂ, was 1474, 1t .LM Cs Weast, 1986).

AU AN W T e e«
MY WS E e (g -

g

single Dband (C(=0)-0-R) Dbetween 1813-1028 &ém- , “In

This ka________*r

this region the chloroacetate carbonyl-oxygen stretch
vibration appeared at 1313-1098 cm ~ and the carbon-
oxygen stretch band of the ethyl was at 1028 cm . The

Cc-Ccl stretch bands were at 782-699 cm .
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Ethyl ethoxyacetate

This compound represents ether type. Ethyl
ethoxyacetate was obtained from the reaction of sodium

ethoxide and ethyl chloroacetate. This reaction was known

as Williamson reaction took place

immediately and wthe formation of white
precipitate of which was one the

. involved the direct

A\::\\% oride in ethyl
\\:?:x own in Figure 57-B

This compou - by simple distillation.

reaction’s pro
nuclophilic
chloroacetate

(Furniss et al.,

Its boiling poi &~ “about 57°C. (1it 158°C;Prager

- and Jacobson,‘:-;" ' = Y |

U

The IR-spéchrum of ethyd ethoxyacetate showed very

stro‘ng C= ﬂ uﬂq mnﬁ mﬂlﬂ‘j The carbonyl-
::zgim“ﬂ‘ “ﬁlﬂz’mﬁﬁmiﬂ et

at 103% . B . he carbon-oxygen stretch band of the

ethyl ether was at 1138 cm .



102

Zn(OH)Cl:]

Figure 57. A. The mechanism of the formation of
4-chloroheptane
B. The mechanism of the formation of ethyl
ethoxyacetate
C. The formation of 4-heptylmagnesium chloride

D. The Wurtz-Type reactions
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2-Propylpentanal.

This compound represents aliphatic aldehyde. To
obtain 2-propylpentanal, the 2 different methods were

applied.

Firstly, <8 eﬁrom the reaction of 4-
heptylmagnesiunm o .'g‘l\uh;‘ vl orthoformate. It

was not str nerate 4-heptylmagnesium
chloride sincef-gf ; % an was gquite an inert halide.
Stirring alone

procedure was ate the reaction.

_Fwet'{ iodide and crystal of

Entrainment age

_ I/

iodine. Both met ylfégyﬁﬁé
) ) ey

with magnesium L~ they ally able to penetrate

1 agdesium. Thus inert

iodine reacted so readily

the oxide fil

ive ﬂ&rf&ce of magnesium.
Furthermore meﬂﬁﬁl iodide %dsed sib function by an
exchange qu]eu&g n&ntj ﬂgﬁﬂﬁm-c (K‘irk and
X —p— g.. s
"R N &Y

Moreover ,to promote the reaction, the reactive

halide could iﬂact

solvent, tetrahydrofuran was used instead of diethyl ether
since it was a more powerful coordination solvent than

diethyl ether (Pearson, Cowan and Beckler, 1959).
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The chief disadvantage of the entrainment agents
was that the presence of iodides tended to promote the
coupling of Grignard reagent with alkyl halide (The Wurtz-

type reaction) as may be shown in Figure 57-D(March, 1968).

//de reactions was confirmed
é t residue which was
o —

isolated. The

evidence

by the IR-spect th

obtained afte

e ""5‘-}-(. ;

was
®aliphatic

spectrum showe

hydrocarbon. 4 \{::::?
The 7'} 2 4O the resulting Grignard

reagent and trie equired to be ref luxed

for at least five hat such a long period of

refluxing, +there >nce of a reaction.

It must have yr 1o idus removal of the

diring this process a

I:;:zh ::d@ﬁﬁﬁ ﬁtﬂ Vr%{ﬂ Qﬁlﬁlﬁreaction set in
WD NININHAINNAL. ...

substltutlon mechanism. The Grignard reagent actéd as the

ether on the !gteam ots “Decause

nucleophile which attacked triethyl orthoformate and
resulted in the leaving of one of its three ethoxy groups
as 1illustrated in rFigure 58-A . (Furniss et al., 1991)

Scudder, 1992).
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/\ Et OEt
A. bﬂgCH—H-CZO’O Et —a c(-H + Mg(OE+)Cl
\OEf OE$

OEt ®
H + H—OH2
OH

e UEINENTNENDS. . .
CLRER bV inieh T ars):

orthoformate
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In acidic water, the acetal product was hydrolized
to 2-propylpentanal. The acetal hydrolysis overview was

shown in Figure 58-B (Scudder, 1992).

However, this method of aldehyde synthesis was not

appreciable since it poor yield of the desired
product. The inc ,.‘ the Grignard reagent
#

formation due
presence of t the undesired side
reaction wer esponsible for the
unsatisfying r

Furtherm ofuran complexed with
the Grignard rea tively it reacted with
triethyl orthoformat. is may also possibly be

Y aproduct (Pearson,

G
AU IDINTHY W Tt e 1
Ziﬁﬁﬁé&iﬁsﬁuﬁhﬁﬁm [} e

forward since propylmagnesium bromide was a strong

responsible

Dorotha and Bqurer,

nucleophile. The réaction mechanism was similar to that of
‘4-heptanol formation which was previously mentioned. It
proceeded through a 3-step mechanism: (a). nucleophilic
addition, (b). g-elimination and (c). nucleophilic addition

respectively.
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The first mole of propylmagnesium bromide attacked
ethyl ethoxyacetate by the way of nucleophilic addition
and the elimination of ethoxy anion followed, resulted in
the addition-elimination product which was more reactive
than ethyl ethoxyacetate.
the second mole of ,/ ium bromide by the way of
nudleophilic addi S ain &”Jstrated in Figure 59-A

Thus it was then attacked by

(Furniss et al

i ure, water was then
0
A\

such “"as hydrochloric or

To th LoD
i m salt and followed

added slowly e the ::\
by sufficient #% : 4¢4d

sulfuric acid tofd ok - ino: ganic salts. The crude

product of :1 vethanol was not further
purified since ite~complete. The IR-
spectrum (thﬂ -q; product showed

S cheﬁlcal structure. The
0-H stretc EIA e 5‘6“ 0-33 cm ’. The C-H
stretch !@dlj aﬁﬁij e iﬁlﬂsﬁ cn” ' and were
acco Wg.] . ﬁ g& ﬁzﬁ]ui i ,lea‘; d at 1462-
)1380m§m g ﬁge b;?: Héen 1 ﬂﬂ cm corresponded

for the C-0 stretch vibrations of both alcohol and ether.

absorptions coﬂlespon- ———

1,1-Dipropyl-2-ethoxyethanol was then transformed
to 2-propylpentanal by being heated in the presence of
anhydrous oxalic acid. The transformation proceeded

through 2 ©phases. Firstly , one molecule of water was
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@
49 (o MgBr
A. EtOCHy—C—OEt—3-Et OCHZ—C-OEf —>Et OCHZ—E-C3H7

\o
o C3H7
BrgallgC:;H-, » ' Et OMgBr
{ T
\0 ' MgBr

s [
H—zcl/'; Et OCHzcl:—C3H7
CaHy

Et OCH2—C—C3H7 —=Et OCH-C—Cg3Hy

| ’ p '- ‘ ‘ . \
B1 : N £ |

Figure ﬁuﬂﬁcﬁﬁmwg’x}nﬂﬁn of 2-propylpen-

tanal from ).he react.lon of prowlmagnesmn

AW N*W}@ W B
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eliminated from 1,1—dipropy1—2—ethoxyethanol and was then
absorbed by anhydrous oxalic acid which acted as a
dehydrat%ng agent as illustrated in Figure 59-(B.1).
Secondly, oxalic acid acted as a saponifying agent which

resulted in the desired aldehyde and diethyl oxalate as

illustrated in Figur t ”// (Behal and Sommelet, 1904).
Y Z

| —
2-Propy 5. 1Sedated by steam distillation.

The rop¥lpentanal (Figure 24)

showed the t on-aldehydic hydrogen
stretch bands_ | . The former almost
superimposed o Stretch bands. Only the

shoulder appearan e" "'15'* The strong C=0 stretch

-1

f?"—_ ;
band of aldehyde ~was = at CIl . . The C-H bending

bands ’.;’_—”———:‘I cm . The bands
i

between 1183-1

1 cm : resented @O stretch vibration.

Tﬂuﬂ‘g m&njw Ej-flﬂyi)entanal in CDCL
(Figure 25) showed the®p w Errlplet. 6H)
for Qwaﬁgﬁp‘jmeﬂ%iﬁ EjT ak at 1.15+-1.865
ppm. (complex, 8H) for 2 ethylene groups of alkyl chain.
The broad peak at 2.10-2.25 ppnm (multiplet, 1H)
represented methine proton. The methine proton resonated
at lower field than other protons of alkyl chain since it

was adjacent to aldehydic carbonyl group. The aldehydic -

proton resonated at 9.48-9.50 ppm. The doublet appearance
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was caused by the coupling with adjacent methine proton.
The observed coupling constant of aldehydic proton signal
was 3.1 Hz. which was in the normal range (0-3 Hz.) for
aliphatic aldehydes (Fresenius et al.,1989).

[2-(1-Propylbutyl)-1 /—yl]ethanol

——
This - p\ clic acetal. It was

prepared £

propylpentanal ' 3 \ toluenesulfonic acid

monohydrate as

Since .thi i 7 eversible, the removal of

water formed fr on was found necessary to

improve the ie gould be effectively

4
AY" )

achieved by V“'__’

The reap‘bhn mechaniﬁwﬁﬁrﬁ initial formation
of hemi%uﬂ ’J Ilnﬂllg C iap idly by the
- € . g :
unimo eﬁﬁi nﬁcﬁmyﬁi Yllgjq(ﬁﬂ mechanism
L6 gﬂr a@a s in Figure 60-B arch, 1968;

Scudder, 1992).

Since glycerol contained 3 hydroxyl groups, its
condensation with 2-propylpentanal gave not only five-
membered cyclic acetal (2-(1-propylbutyl)-4-hydroxymethyl

-1,3-dioxolane) but also six-membered cyclic acetal (2-(1



ﬁ__‘T}
. ‘ 7 <)
Y;%'i
+ ol

CH ) I \O:(\O
! EJﬂ"ﬁWEl’lﬂP

Fiq.maﬂm:i}ﬁuz,lmg nmﬁﬂz-u_

propylbutyl)-4—hydroxymethy1—1.3—dioxolane
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propylbutyl)—S—hydroxy-l.3fdioxane

112
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-propylbutyl)-5-hydroxy-1,3-dioxane! as shown in Figure 61
(Boekelheide et al., 1949; showler and Darley, 1967).
Formation of +the five-membered cyclic acetal is
faster than that of six-membered cyclic acetal because the
five-membered ring i lose,even though the five-
membered ring is abl&the six-membered ring.
-~ver31b1e, and if the

*1\\
| N

The formation
reaction is a long period,
equilibrium of species will be

established as , 1962).

QEX, at the five-membered

cyclic acetal was ~Li“m ? avoured over six-membered

It has

derivative. er the-rati variable one since it
depended on &gf”“““‘“““_” }ﬁxh as temperature,
concentration oﬂﬂacio, et pbert aég Carter, 1928; Hill,

Hill and élbberfﬁ 1928). Furthermore , it had been

investigat wﬁnﬁﬂﬂlﬂﬁ of the acid-
::t?mjmﬁﬁﬁf@mﬂm e

membered analogues providing that the reaction mixture

remained liquid (Brimacombe et al., 1960).

Since 2-(1-propylbutyl)-4-hydroxymethyl-1, 3-
dioxolane and 2-(1-propylbutyl)-5-hydroxy-1,3-dioxane

were cyclic compounds and there were 2 carbons on the ring,
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each of which was substituted by 2 different groups,
geometrical 1isomerism existed. This meaned that there
were 2 geometrical isomers, namely cis-and trans-isomers

for each of the cyclic acetals.

The conform ) ,‘ 2-(i-propylbutyl)-4-
puckered. However, the
degree of puckeri nce there had been an
investigation i lane riﬁg was almost

planar (Bakker 93 Showle and Darley, 1967).

Until ly,# 4% had \been considered that

L1}

"envelope" and. "(Figure 63-A) were

adequate models fo the conformation of a

given five-membered e these two forms were

postutated a %ﬁ—'——“;' a § in much of the
pioneering woriﬂ on mbered riﬂg (cyclopentane and

its derivatives).f o

Al ananinegns
dlffé;nﬁ’liéﬁﬂ B A

molecule is in a rapid state of conformational flux

through what is known as "pseudorotation"; In case of 1,3-
dioxolane ring, since +there is internal substitution of
the five-membered ring with heteroatom, oxygen atom, it
seems to introduce smaller energy barriers for the ring to

undergo pseudorotation. So the five-membered ring found
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e

ENVELOPE

HALF — CHAIR

““e' ‘ W Wskew BOAT
ved ey ||"|. \

- - "r
§ i s

A\
sRforng s of five-membered ring

S . -menbered ring
(7 ]
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in 1,3-dioxolane is highly flexible and whose conformation
adjusts itself easily to the steric requirements of the
substituents (Willey, Binsch, and Eliel, 1970).

coRfal

It has been med that 1,3-dioxolane rings

undergo pseudorotati ured (pseudo) equatorial
substitution. Thewd: ‘ e conformation of 1, 3-
dioxolane 1s (Aldereweireldt and

Anteunis, 1965).

Furthe
cis-and trans-i
dioxolane, hydrogen AR urs either with oxygen-1 to
give a six-membered oXygen-s to give a five-
‘membered one. jever ‘th ng™ is not complete

(Brimacombe, E0s }ﬁngwler and Darley,

1967). m m

T@Hm YLEJYI?W@
AR TR mmwﬂwm g

illustpated as in Figure 65. he dotted lines in the

" figure represent the proposed hydrogen bonding.

In all 1,3-dioxolanes , cis-isomers are
thermodynamically favoured over the corresponding trans-
isomers. So at the equilibrium cis-isomers are more

abundant.. This hasv been explained on the basis of an



Jéo>< JVWE]_‘U’JVLH,&’] ‘EZS

ricure o8 WG ﬁmnuwnm’awm

conformat.lon of 1,3-dioxolane

8L
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unfavourable steric interaction of pseudoaxial substituent
at C-2 with a pseudoaxial hydrogen at C-4 (envelope-
conformatipn) in trans-isomer, so it would rather suggest
that in the predominant conformation the substituent at

C-4 1is pseudoaxial and that at cC-2 pseudoequatorial

so that the salien ion 1is between the ¢-4

subsituent and H-2 ™ al., 1949; Eliel and
Willey, 1969; D67 3 Rommelaere and

Anteunis, 19703

A-1 would represent

W\

the more stablk \\ trans-isonmer, and
conformation B ' ‘__:'" i 18 the more stable
conformation for both substituents at c-2

and C-4 were pseud

1y§————————__*’
4ano nat

-1,3-dioxane mayfadso be puckered.

AUEINBTTHEINS
membﬁeﬁ’ef@aﬁeﬂﬁ?ﬂﬂfﬁ’ﬁﬂmﬁ(ﬂm 2

in Figure 63-B.

o
'—(l—énopylbutyl)—s—hydroxy

For cyclohexane, the chair form is the most stable.
' Thus, at room temperature, cyclohexane is predominantly in
the chair form. Similarly, the 1,3-dioxolane ring exists

in a chair conformation which is substantially more stable



A. TRANS

(R= 03H71: O= oxﬁ}“éﬁ%ﬂ%iua’gﬂg) i
rrvee AT BIDIWHRIIN IR v -

~ J-hydroxymethyl-1,3-dioxolane of (A) trans-,

and (B)cis-forms

oclt
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than any of +the boat forms. (Riddell, 1970; Eliel and
Banks, 1972).
2—(1—propy1buty1)—5-hydroxy—1,8—dioxane also

existed in both cis-and trans-fornms as found in 2-(1-

propylbutyl)-4-hydro -~-dioxolane.

in i<~ isom ‘Nubst ituted-5-hydroxy-
1,3-dioxane, i : i ated that the preferred
conformation t at C-2 in the

sterically f; osition, while the

hydroxyl position which permits
efficient intra . _“; A ated hydrogen bonding with
the ring oxygen A;;{:—_i Amolecular hydrogen bonding
may exert a _ i '41**“3”“ ag effect and cause the

RYG ) this conformation.

molecule to }yf

(Brimacombe, ﬂgster, and’ acey, ISJB; Brimacombe et al.,

“a ii?ﬁiﬁiﬁdﬂiﬁ"fl’i WE; ﬁﬁf“ et
R mmuu’l Eﬂ

hydroxy-1,3-dioxane may be illustrated as in Figure BG—B

and conformation B-1 was proposed to be favouring.

For trans-isomer of 2—substithted—s?hydroxy—l,3—
dioxane it has been investigated that the equilibrium

mixture contains the molecule which exists in both



A. TRANS

Y
OXYGEN : O=CARBON : 0O =wDROGEN§¢EJ

AN I

Figure 66. The proposed conformations of 2-(1-

propylbutyl)-5-hydroxy-1,3-dioxane of

(A) trans-, and (B)cis-fornms

ceclt
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conformations with both substituents at C-2 and C-5 either
in the equatorial or axial position. The conformation with
both substituents in the sterically favourable equatorial
position which hydroxyl group is not bonded is predominate
while the other conformation is minor since the substituent

ur avourable axial position
" 4_&}1&. the hydroxyl group

at C-2 1is in the s

even though it h

at C-5 bonds wi , g\;?c his result reflects
that the in - S?§§;%;\ bond is not complete

(Brimacombe et Brimacombe et al., 1960;

Dobinson and "19675 Showler and

Darley, 1967).

Iiiaes -
The conformrfrA- s

rans-2-(1-propylbutyl)-5-

hydroxy-1, 3-dioxs ip- Figure 66-A. The

diequatorial | t ] Wes proposed to - be

predominant. - m
\ﬂuﬂg mﬂnjlﬂﬂln ‘34 of 2-substituted

)G R PN (T
both ns-isome posses? oﬂalcal isomers,

namely(+) and «(-) forms; ie. there were altogether four
stereoisomers, two cis-and two trans-isomers. While there
were no optical isomers existing in 2-(1-propylbutyl)-5-
hydroxy—l,B—dioxéne since both cis-and trans-forms had a
plane of symmetry in their molecules (Hibbert and Carter,

19285 Showler and Darley, 1967).
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The product from the condensation of glycerol and
2-propylpentanal was purified by column chromatographic
technique. , The mobile phase used was the solution of
hexane and ethyl acetate in the ratio of 2.38:1
respectively and the stationary phase was silica gel.

’# s was not able to separate
mer gthey were all expected
| —

to have the v - . hysics property. The purified

However this purifica
any of the prop
mixture pr to be almost
chromatographi ica gel-plate. The
fractionating | =% 1t 101 as applied in the
attempt to sep However it was also not
successful sinc temperature during.
distillation was The observed range of

temperature he oduct /pz aver. was about 81-101°C

at 075 mml{g. 1.’

D

n oncfudion the cohdlensation of glycerol and 2-

rrrstomnby B L I A WE TN D mcteres svmers
T3V e T

Only c¢is-and trans-isomers of five-membered cyclic acetal

existed in two optical isomers, namely (+) and (-)-forms.

So all the spectroscopic data of the product
should have shown the characteristics of all the proposed

isomers.
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The TIR-spectrum of the product (Figure 26) showed

the strong and broad 0-H stretch band between 3650-3200

cm . The strong C-H stretch bands of alkyl chain appeared
—-a

between 3000-2800 «cm . The bands at 1480-1380 cnm”

characterized the C-H bendings of alkyl chain. The band
b’ ized the stretch vibration of

y; on displaying at least 2
it @al. The stretch band

wfh':~;- in, that of acetal.

-1

at 1200-900 cn ch
acetal. The band
maxima was the c¢

of C-0 of alcoho

In: thi NMR, spectroseopic techniques were
applied to con afty . uct obtained from the

condensation

of 4 erol “and opylpentanal was the
mixture of structu gt;}-' nely five-and six-membered

cyclic acetals, each oth cis- and trans-forn.

,— X
M“ . --rj»ents were performed
. |

at 500 MHz. and”}he solvent ed was CDCl

ﬂ‘lJEl’J‘i’lEWlﬁWEl’]ﬂ‘i

D1f erent NMR ¢ spectrogcopic teghniques were

| perfoqemram muma VENNEL cor100ing

flgures.

The

One dimensional experiments:
Figure 27 The C-13 decoupled spectrun
Figure 28 The DEPT-135 spectrum

Figure 29-30 The H-1 spectra
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Two dimensional experiments:
Figure 31-32 The COSY spectra

Figure 33-38 The HETCOR spectra

The C-13 NMR spectrum of the mixture product (Figure

27) showed obviouslys @ ps of peaks. First, the

group of peaks tha

e alkyl (1i-propylbutyvl)
chains. The met 14.49 and 14.52 ppn.
The 2 ethylene e, 20.33,20.35,20.39
ppm and 31.0 3 7, '81.83, 31.45,31.48 ppnm
respectively. exactly which peak

belonged to w since each of then

resonated almost ency. The propyl chain

very similar eavir >Nt since not directly adjacent

-
-

;E::::j::?f___________i}i

Iy f I

Th ﬁﬂat 40 %)4 = h4 " and 42.21 ppn.
were assiaeﬁ genﬂnﬁe cﬂﬁs ﬂ)if alkyl chains.
Since, - t@ : ‘, iv ﬁcﬁ’ djacent to
the ri ﬁgas ﬁpjiggrﬂm v is ,act nfg[oment which

caused it to resonate at different frequency.

to the ring.

- Each of the methine carbon peaks was assigned to
cis-or trans-forms of either five or six-membered

derivative.
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According to the chemical shifts and intensity of
peaks that were assigned to alkyl chains, it confirmed the
presence of 1-propylbutyl chain attached at C-2 of each

expected isomer.

Second, 2 ""peaks appearing at 103.91,

104.62 ppm and 1 . Were assigned to the

—

Ncetal carbons, each

ated at lower field

acetal carbons
attached to

than any oth of the peaks was
assigned to ci ive or six-membered
raig It was exactly which pair
belonged to whic the two expected cis,
trans- pairs sinc pure isomers was obtained.

However it was . eaks at 106.97 and 107.20
ppm represenf;EZZTTi::::jT_—_____T__iﬁ‘five—membered ring

and the peaks E}

1.62 E%m représented cis-,

trans-pair of siksmembered rdsg. Since the ring of five-

mumnam BEE L6 gt bt
wi‘iﬁiﬁaﬁai‘%siﬁtﬂjnﬁuﬂﬁﬂq.;i’ZZ"ZiZi

acetal carbon of unsubstituted 1,3-dioxolane resonates at

lower field than +that of unsubstituted '1,3-diqxane
(Fresenius et al., 1989). Considering the difference in
chemical shifts between peaks of both the pairs at lower
field (0.23 ppm) and higher field (0571 ppm), it was

clearly seen that the pair at lower field had less marked
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difference in chemical shift than the pair at higher field.
There has been an investigation indicated there are
less marked conformational differences between cis- and
trans-isomers in five-membered rings as compared to six-

membered one since five-m ered rings are conformationally

mobile (Levy, 1979) ted the proposal that the

Third

’ ) of “peak: S
ppm were assigngd 4.clr : S\\
' /) N

oxygen atom.

onated between 60-80
attached to only one
pectrum (Figure 28)
distinguished b ltethine carbons (up) and
methylene carbons ‘ding to the argument for the
assignment of “h cetal oirl A5 proposed that the
peaks at 61.3 7 1 a six-membered ring
;EL the peaks at .15 and 76.29 ppm

representeﬁ ﬂﬂ ﬁ»wﬂwgwgﬂﬂhﬁred ring carbons

(i e The rence em1ca1 shift of cis-,trans-

R RN T S YT Y e e

normalf range since it has been investigated that cis,lrans-

carbons(e),

differences range from 1.5 to 5.7 ppm in six-membered
rings (Levy, 1979). The beaks at 71.79 and 71.87 ppm were
assigned to c¢is-,trans-pair of six-membered ring carbons
(c and d). Since carbons ¢ and d of six-membered ring were
magnetically equivalent, each of both peaks showed double

intensity.
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The 2 pairs of peaks at 62.69, 63.41 ppm and 66.42,
66.73 ppm were assigned to carbons of.five~membered ring.
The peaksb,at 66.42 and 66.73 ppm were assigned to five-
membered ring carbons (¢!, and the peaks at 62.69 and
63.41 ppm were assigned to five-membered ring carbons te).
The assignment was 8¢ D, the fact that the alkoxy
substituent caused. Jd@d : r &hift than the hvdroxy

substituent (Sil ' 3 o1 a orrill, 1991:.

Since the four expected

isomers in the posed to be constant,
the relative d correspond to the
amount of 1some to. Considering the

acetal carbons (b ur isomers had in common,

they resonated.at since they each had

a distinct end Must have shown only
single intensit'uwhicw O ponded tjﬂthe constant amount

the isgmer %#» the nix@fre product. 'Ihe ratio of

e BUANRNIRIS
Y E R iiﬁﬁﬁﬁﬁﬂ‘l&i‘ﬂiﬁf iiiii’

all four isomers existed in the mixture product.

The chemical shifts of carbon-13s were shown in

table 1 and 2.
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Table 1. The chemical shifts of carbon-13s of cis-,trans-
pair of 2—(l—propylbutyl)—A—hydroxymethyl—l,

3-dioxolane

more abung abundant form

carbon |chemnica c emical shift (ppm)

. 41.28
a 7 106.97
: - 1Y) : 66.73
oy  76.29
. 62.69

AUEINENINEINT
RN TN
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Table 2. The chemical shifts of carbon-13s of cis-,trans-

pair of 2-(1-propylbutyl)-5-hydroxy-1,3-dioxane

0~7¢
a e OH
i ; o_d )

‘- \U/ ess abundant form

hemical shift (ppm)

more abundant

carbon|chemica

a 41 . FT
b 103.91
¢ d 71.%79
e 61.33

i

AU INENTNEINS
ARIAATAUNNIINGIAY
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It was not able to assign the signals of protons
from only H-1 spectra (Figure 29-30) since most signals
were complicated from overlapping. Only signals of acetal

protons were able to be assigned since they appeared at

lower field than other signals.

the HETCOR spe : F igm 33=39 The HETCOR spectra
correlated +the

an H-1 spectrunm

ons of five and six-

membered cyclic a “Were shown §nltable 3 and 4.
According te- 4t :Ey; Pectra of the mixture
product,in éSasc— lfj'of five-membered

eyolie acetal,iﬂe slightly more abundant

than the other ¢ 224 hile for that of 31x—membered rlng,one

o o (SR RUNTUEIAT, 00
» fiﬁﬁﬁ?ﬁ StuiAs ﬂﬁﬁﬁﬂfiﬁiiﬁ

isomer was proposed to be cis-isomer.
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Table 3. The chemical shifts of protons of cis-, trans-pair

of 2-(1-propylbutyl)-4-hydroxymethyl-1,3-dioxolane.

proton|chemica '“" - uﬁyﬁ‘ﬁoemical shift (ppm)

a 1.58

b 4.825 (4} E@

. 3.78 (m), 3. BT 0lmy )

1.58 m)

4.925 (d,J=4)

3.61 (md,4.1 Cm)

ﬂUEl’JVIEWIﬁWEI']ﬂ‘i
’QW’WNT]‘?@UNWTJWEHQEI



134

Table 4. The chemical shifts of protons of cis-,trans-pair
of 2-(1—propy1buty1)—S—hydroxy—l,3—dioxane
- ’ N
more abunda “’;g’ i ss abundant form
proton|chemica . DD ‘ ,ER 1/chemical shift (ppm)
a 1.58 (m) g 1.58 (m)
b 4.475 (d,. ‘f?""' 4.315 (d,J=3.9)
c,d | 3.85(dd,J=1.2,02.2) 3.33(dd,J=9.93,10.1)
4,014 -.E“ 17
e 3.50 : 73.82 (m)
| A¥
l.

AULINENTNYINS

AMIAIN TN NN INYAE
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The assignment for protons of propyl chain of all
isomers were not included in table 3 and 4 since thev
resonated ,at  almost +the same frequency. The signals of
methyl protons (CH,» appeared at 0.88-0.93 ppm. The

signals of ethylene protons (-CH_CH_-) appeared at 1.23-

1.49 ppm. The‘signal protons appeared as broad

band at 3.04-3.16

[2—(1—Propy1bu§x"!_"ff‘ xolan- methyl sulfamate

This cg - ‘:5 nts \al \\ atic sulfamate. The
e reaction of the

corresponding alc dfamo ing agent, sulfamoyl

Su1fa{;EﬁEEFF;fff_____________Vf‘ed In situ from

formic acid éi} si:yanate. (Appel and

Berger, 1958; Graf =, 19685 Lo ey al., 1982), The reaction

proceeded ﬂ uﬂ’q mlﬂlm iﬂ ﬂ’r] njhanlsm and the
Ziiiﬁﬁ?;] AeastlaIya TRY oe

Since sulfamoyl chloride was highly reactive, its
generation process was to be conducted at low temperature
and under Vnitrogen atmosphere to avoid the moisture.
Sulfamoyl chloride reacted extremely Vigorously with water

to form amidosulfuric acid and hydrogen chloride (Graf,
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0
e
A. -0=C= —_sozc:|-—->(c'e—\£\m-:sozcl->co + CO, +
0 \ L
ol ~0=ClH HoNSO0,Cl

0
0—5-NHy + NaCl
0

]

{

o < 7
| Figure eﬂﬁﬂﬁmmﬁwggﬁﬁion of sulfamoyl.
SN T,

C. The mechanism of the fbrmatibn of

six-membered sulfamate derivative.
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1968 .

The , sulfamoyl <chloride was then allowed to react
with sodium alkoxide of 2-(1—propy1bﬁty1)—4-hydroxymethy1-

1,3-dioxolane. The reaction proceeded through nucleophilic

substitution mechanism, ‘as in Figure 87-B. 2-{i-

Propylbutyl)-5-hydroxy 1 OXE e ieacted with sulfamoyl
chloride through 1 amiasmaeas the 1,3-dioxolane

derivative did

as performed by

$\\ \ e product obtained
was the isomeric re ;

Xy white solid which

- . -
.{ e

melted at 64-88°C. a4

lj{"‘ftyl)—l,:%—dioxolan—

4-y1imethyl sulﬁi}ate grue 40) ois-;:yed 2 strong bands

in the ran iluoi"ﬁAOO 3200 @¢ém ~ which were respons1b1e

SANENINE VN on. e oo,
'gr:“:aﬁmmai NATPEyRE .

regions, due he asymmetric and symmetric stretch

for

vibrations respectively. The C-0 stretch absorption of

acetal appeared between 1500-900 cm

Different NMR spectroscopic techniques were

performed to identify the structure of product. The
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experiments were performed at 500 mHz. and the solvent used
was CDCl_,. The spectra were shown in the following figures.
One dimensional experiments:

Figure 41-42 The H-1 spectra

Figure 43

Figure 44

Two dimensional
Figure 45-46

Figure 47-53

The same ang ' > (6} \ rmational analysis of
the mixture produc YV -utyl)—A-hydroxymethyI-

1,3-dioxolane and 5-hydroxy-1,3-dioxane

ok -
-

were applie{‘ﬁr . MY g their sulfamate

]

U NENINEIA Tucrs srsrrs
IR IN NN INENNY

Firstly, peaks at 113.40 and 114.06 ppm were

s r -
derivatives (F1J re 68

3

assigned to the acetal carbons (b) of cis-,trans-pair of
five-membered sulfamate derivative. The peak at 110.57
ppm was assigned to aéetal carbon (b) of six-membered
sulfamate derivative. Only one form of cié—,trans-pair of

the six-membered derivative existed in the mixture product.
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A. TRANS

(R= Cs‘ﬁﬁmWﬁ(wqﬂﬂMN :0=HYDROGEN) .
X SR ENET BTt T —

sulfamate derivative of trans-, and cis- forms
Y8, The proposed conformations of six-membered

sulfamate derivative of cis-forn.
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Secondly. the groupAof peaks resonating hetween 2n-
50 ppmn. were assigned to l1-propylbutyl side chain vhicl
attached at C-2 of the acetal ring. The peaks at 46.82
and 47.10 ppm were assigned +to methine carbons (a) of
cis-, trans-pair of five-membered derivative and the peak

at 48.17 ppm was methine carbon (a) of

six-membered derive

Thirdlxy B 5O, esonating between 70-
80 ppm were g | was adJjacent to one
oxXygen atom the sulfamate group.
The peaks at 79 Ppm were assigned to
79.90 ppn belonged to
methine carbon ¢ vered derivative while the

peaks at 79.00 3 : et y;h ere assigned to methine
carbons (d) o‘tﬁ;ﬁf?fff________jf___ifﬁ-mbered derivative.
The assignment!ﬂo Car::ns was based on the

fact that the #ulfamate suybstituent which was a strong

electron %uﬂanm&Miﬂﬂag downfield shift
e AROAND SR TR R

e) of ;Es—,traus—pair of five-menbered derivative indicated
that thé peaks at 76.48 and 76.91 ppm repesented the
methylene carbons(e) while +the peaks at 72.78 and 72.93
pPpn représented the methyvlene carbon (c). The peaks at

74.98 ppm was assigned to the methylene carbons (¢ and d)

of six-membered derivative. Since both methylene carbons
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¢ and d of six-membered derivative were magnetically
equivalent they resonated at the same freguency. So the

peak at 74.98 ppm showed double intensity.

The ohemical shifts of carbons of the sulfamate
1]

derivative were shown

- AuEINENINeINg
AMNANTUNMINGINY
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Table 5. The chemical shifts of carbon-13s of cis-,trans-
pair of [2-(i-propylbutyl)-1,3-dioxolan-4-yllmethyl

sylfamate.

more abungd /// . \ \ “x. “abundant form
- '. N\ .

\\
carbon |chemicals: (p i t @
¥e

chemical shift (ppm)

-
.:

a 46.82 fr‘i": '-"r: % 47.10
b m 113.40
(o T2.78
g 79.00
e 76.48

s I W7
AR TN NGNS Y
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Table 6. The chemical shifts of carbon-13s of

L2- (1-propylbutyl)-1,3-dioxan-4-ylisulfamate

Audingninens
QRIANIHURINGNAE
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The signals of protons of the sulfamate derivatives
were assigned from the HETCOR spectra (Figure 47-53). The

chemical shifts of protons were shown in table 7 and §.

According to the NMR spectra of the mixture

product, in the case Qlfu /" ed sulfamate derivative,
the amount of --T__ gs-isomers were almost

equal.The only membered sulfamate

derivative found proposed to be cis-

form due to t coupling constants

of the signals

ﬂUEI’J‘VIEWI’iWEI’]ﬂ‘i
ammmmumwmaﬂ
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Table 7. The chemical shifts of protons of cis-,trans-pair
of [2-(i-propylbutyl)-1,3-dioxolan-4-ylimethyl

sudfamate.

abundant form

- ‘\\ hemical shift (ppm)
Pl

f‘{r-ﬁ “‘.‘-J ‘..

ﬁﬁvi ;"9
b 4.83 L s TV e 44 (45 T=14.8)

more abund

proton|chemica

1.60 (m)

T

c 3.87 dod 2 )64 (dd, J=6.7,8.5)

3.93(dJ=6. ,8.86 14.17(dd,J=6.7,8.55>
L | A AN e
sl im IngAdy
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Table 8. The chemical shifﬂs of protons of [2-(1-

- propylbutyl)-1,3-dioxan-4-yllisulfamate.

) - d |
AUt INENIneIng
IR TUAMINYAE
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The assignment for protons of propyl chain of all
isomers were not included in table 7 and 8. since they
resonated at almost the same frequency. The signals of
~methyl protons (CH_) appeared at 0.85-1.00 ppm. The signal

of ethvlene protons (-CH_CH_-) appeared at 1.20-1.50 ppn.
i %ﬁ}a signals at 5.18, 5.23 and

. étons of an NH_-group.
Two of these thr : { x\ﬂgz::;-d to cis-,trans-pair
of i \e H:QN‘

There were three broat

5.28 ppm., each

five-member dtdwve and one of these
three peaks mly one form of six-
membered sulf 1ich was proposed to
be cis-isomer. le to define exactly
which one of t onged to six-membered
derivative.

The If"‘was obtained at an

il

nf] YUY INYNS: WELAT L cuier ton. e

anddm 28 aused by the

electron beam e?Lrgs

e & lﬁw‘ﬁszﬁmm Hle}

The ellm;natlon of alkyl and hydrogen on acetal carbon are

the characteristic fragmentation reactions which occur in
ethylene acetals. The molecular ion was preferable to
eliminate either 1-propylbutyl or hydrogen since either of
the oxoniumv ions formed was proposed to be stabilized by

delocalization of the positive charge between the two
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equivalent oxvgen atoms aﬁd the intervening sp2 hybridized
carbon atom. This resulted in the very weak molecular
ion peak., The elimination of l1-propylbutyl was much
greater than that of hydrogen. This was obvious since the

peak at 182 was the base peak and much more intense than

the peak at 280. d ‘ und that the ease of loss
of alkyl radical than that of hydrogen

since it was propgs als were more stable

than hydrogen illiams, 1967).

With cipal fragmentation
reactions (the vl and hydrogen on
acetal carbon), not able to indicate

that the product five and six-membered

sulfamate deriyat ives Since’ gawve the peaks at 182

and 280. Howelrg

;{d desired sulfamate

? . i - T
derivative was obtained. . -

Thﬂ uﬂq mﬂniﬂﬂqm iactlons of both
AT Mty

Figurels




ol

c (o]

(‘\ }—OSOZN Hy
(o)

m/e 281

mle 281

a —(C7H15)'

( -‘;j/\osozn Hy
7
bq

d[-H
£
0
(/ :>—osozrm2
(/P.

(s

£l wé’%ﬁh o "
Flgure BW}i‘aqu immwfi?wﬁq a!ﬁctlons

Six-membered sulfamate

derivatives wh1ch corresponded to the peaks

at 182, 280, and 281 of the MS spectrum.

6v 1L
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An attempt to synthesize pure Z2-(l-propylbutyl)-4-

hydroxymethyl-1,3-dioxolane

An effort to prepare pure five-membered cyclic

acetal, 2—(1-propy1butyl)-4—hydroxymethy1—1,B—dioxolane

was made byithe folla
Firstly ide was prepared fron
sodium ethoxides

eparation method was

studied by Fai They claimed that

oa-monosodium \{ rom this method was
undoubtedly pure \\\

Secondly, nonobenzoate was prepared
from the react iongof -~ o=mono: ygeroxide and benzoyl

_fuytained was then

chloride. ,; =T

condensed wiﬂ} 2-propylper .Ja the presence of

p-toluenesulfonid svacid moniﬂ?q product of

a ULANYNINE N e
K fﬁ’mﬂm UAINYEY

~Fina11y, the ester was subjected to alkaline
hydrolysis and 2—(1—propy1buty1)—4—hydroxymethyl-1,3—

dioxolane was obtained.

The overall reactions were shown in Figure 70.
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NS ~HO— « -~ -0 Na
‘Na OET + } —_— E ~+ ETOH

A4 i# |
Figure 70. 'IJ:e overall react.lons of the attempt to prepare

1 HR R Graronmeiin-t.

3- dloxole.ne

| quﬂ@ﬂimﬁ‘lﬁﬂﬂmﬂ&l
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The 1H— and ~°C-NMR spectra of the product from
the attempt were shown in Figure 71 and 72 respectively.
The spectra,showed that the product was still a mixture of
five-and six-membered cyclic acetals. However only small

quantity of six-membered derivative was found in the

nixture product since e intensity of all signals

representing six-memb markly reduced. It was

expected that i ess of ao-monosodium

glyceroxide, sm ‘\JQ:?b‘thium glyceroxide was

also obtained \Q::;;\M-*d in the formation

bt em was = not successful, it

& A
7~
verified the assign etgég'

of the six-memb

Although

R signals of both protohs

and carbons of .the ich- was obtained from

Pyvipentanal.

-
.
[

the condensati}y

] )
- AubINgnIneng
PR TUAMINYAE



Y Y
o gﬂeﬁ

Figure 71. The | spectrum of the product from the attempt
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F1g ® 72; The C-12 decoupled spectrum of the product

from the attempt.

vSi



	Chapter IV Results and Discussion

