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CHAPTER II

HISTORY

Valproic acid (X),

u )pylacetlc acid , DPAs;2-

'propylpentan01c o) eric acidl.

The acid . 85 i::h was first synthesized

by Burton (Bur ‘ \\\\Fhapman et al.,1982).

No therapeutic app i dri ’ ,\\ hug was known until the
J‘lg-i;' ‘
discovery of itsjanticonvulsant
_ -
A

PO perties in  February,

1962 by P.Eymard ries of the Berthier firm

in Grenoble. The -;hfj' < this discovery were

'hrench Societ of

—— LY
Therapeutics ﬁﬁFy ﬁ December 19, 1962,

if

described

‘ly publi;hed in the journal Therapie

o5 - PeYe] AR F Yt o sers o

derivative#8! of khelllne, P. Eymard started a study of the1r

P RRAR PG Y FBI) G e o-cores

but was impeded by their solubility in water and the usual

and subseque

orgénic solvents. H.Meunier, Y.Meunier and P.Eymard in.the
research department of Berthier Laboratories had the idea
of dissolving the most active molecule in n-dipropyl acetic
acid , which H. and Y. Meunier used regularly for the
preparation of a bismuth salt. This solvent revealed

certain pharmacological properties..". G. Carraz requested
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Figure 11. The synthetic approach of E2-(1-propy1butyl)-

1,3—dioxolan-4—y1]methyl sulfamate
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that it be studied in a wide battery of tests, including
the properties against pentylenetetrazol induced seizures.
The test solution exhibited a marked protection in this
test. Subsequent studies indicated that the anticonvulsant

action was due to the solvent, valproic acid. Results

from many studies shogy oic acid has a very broad

spectrum of anticonvi probably greater than
that of any othe inical use (Chapman

el al., 1988).

Clinical effic

Valproic @& LY f~peal im of an anticonvulsant
: N kit .1l 2 Tiew 5
activity in aninald 8eizire Shodels is reflected in its

f Ak#7ﬂ Y B % .
51 St B e ey s eriginal indication
=" A |

iZures, valproic acid

diverse c¢lini

was for the w——_ —
also appears,ﬂlo be ve agai@&t certain myoclonic

seizures , Ienerdﬁlﬁed tonic-@lonic seizures, and perhaps
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Valproic acid is a branch-chain fatty acid with an
uneven number of carbons on each chain, The metabolism of
valproate appears to be complex. Valproate is almost
completely metabolised before excretion{ only 1-3% of the

administered dose being found as unchanged drug in the
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urine. Four metabolic pathways have been found for
valproate: glucuronidation, g-oxidation, w-oxidation, and

@-1 oxidatien (Figure 12) (Gugler and von Unruh, 1980).

In the dose range normally used glucuronidation is

rout ,’/ valproate. The acute
W

of 11tes of valproate has
been evaluated y t «- d pentylenetetrazol
seizures in mic ,\\\ alproic acid. The

most active co

the main metabolic

anticonvulsant

tenoic acid(Loscher,

1981).

Since =y iscovery erapeutic properties
of valproate | dch tested for their

s ‘--ilitiﬂ to protect against
prentylenet of‘ v i ice is shown for
four clasaﬁ ﬁﬁﬂy]mﬂqﬁﬁgure 13. Among

5.1 ﬁ i éﬂﬂconvulsant
actlvﬂy is ﬁﬁim}!xﬁ Ils contain 6-8 carbon

atoms. Branching or unsaturation of one or both chain

anticonvulsant Eﬂction.

does not result in the loss of activity. Analogues in
‘which the carboxylic group is separated fromAthe branching
of the chain by one or more carbons, are anticonvulsant
but with a marked sedation action. Cyclic analogues of

valproate have also been studied. Methyl-1-cyclohexane
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Figure 13. Anticonvulsant activity of analogues of
valproate
("% protection against mortalily produced by
pentylenetetrazol. Drugs were administered to
mice at the dose of 1.39 mmol/kg, ip., 30 min

prior to pentylenetetrazol.)



27

carboxylic acid is as active as valproate.

The, amide and various esters of valproate have also

been found to be anticonvulsant, Dipropylacetamide appears
\

to owe its anticonvulsant activity in man to its conversion

to valproate in the gastroir inal tract. The amide also
1982) .
-Mechanisms of

been proposed to

explained the vity of valproatse.

The first of these valproate acts by

enhancing GABA - ion and relies

‘Ythe drug increases

primarily on ;?E‘—“‘”"“‘“'

brain GABA 1eve!&. e second iootheggs posits a phenytoin

-1like effect of vﬁ&mroate on Wdlta §J igfndent Na® channel

ATlE DA TWEHY
aﬁwéﬁh"’iﬁiﬁﬁ"i‘mmaa

There is an increase in plasma and CSF—levéis
of GABA in patients being treated with wusual clinically
effective doses of valproate which is compatible with the
idea that effects on GABA matabolism may be relevant to
the antleplleptlc activity of the drug in human subjects.

However the mechanism by which valproate increases GABA
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levels 1is not well understood. The drug inhibits several
enzymes involved in GABA degradation, including GABA-T,
succinic semialdehyde dehydrogenase (SSADH), and aldehyde
reductase (ALD.Rase). In addition, valproate may also
increase the activity of glugamic acid decarboxylase (GAD),

the enzyme respo ) BA synthesis. Figure 14

shows the metaboli

sensitive to valproate
inhibition t argued that the main
duce icrease in brain GABA

\:?\ of "'SSADH by valproate

SSA , which in turn

~mechanism for
levels is
with a result
inhibits the reaction , leading to an
increase GABA lewel = (Chapm - 51982 ; Nanavati and

Silverman, 1989 ki anc T1b91).

D
GULRNIES (o)1 i R

AN aﬁﬁﬁmﬁmm TR

dependent action potentials at high frequency. The use-
and voltage-dependent effects  of valproate on Na'
conductance are compatible with the requirements during_a
seizure while having a minimal effect on normal neuronal

firing.
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Because valproate has such a wide épectrum of
anticonvulsant activity, it 1s attractive to accept the
view that »rthe drug’s clinical activity may relate to a
combination of mechanisms. Nevertheless,these observations

highlight the fact that full spectrum of pharmacological

actions of valproate

-1881)

and Porter,

-

?\. 2- . kyl-1,3-dioxolan-4-

-methanol can -r E condensation of
corresponding al ly\\ 1, valproic acid must
then be prepared as anal so that it can react
with glycerol 4o form [2=(1 . 1,3-dioxolan-4-y1l1

'Fdom various types of

iy
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A.1 Reactions of ethyl ethoxyacetate

methanol. Ald:@ﬂ

reactions as delﬂribed pelow.

(EtOCH_COOEt) with Grignard reagents (Figure 15-A)

Behal and Sommelet (1904) prepared
aldehydes of the ﬂype R_CHCHO from Grignard reagents, RMgX

by the use of ethyl ethoxyacetate. Thé alcohols,EtOCHa(OH)Rz
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formed were then transformed to aldehydes by the use
of acid. The vields varied between 50-80% of the

theoretical quantity.

f ethyl orthoformate CCH(OEL)

with Grignard reag{..*-.,_*-~ 15 B)

' also known as Bodroux-

Tschitschibabin hiyd e NQ%%S;N\ 5 since Bodroux and

Tschitschibabin '4/ ' : \Fred it in 1904. They
e/ ’\\

discovered uate was first added to

il A

/ &%’ 0 ) \ rd reagent, followed by
; =y \

P .
several hours, and then

the ethereal sol

100mixi

refluxing the reag

most of the solve ﬁﬁﬁﬁf_T' ed by distillation, a point

-was reached, vich a v 1 edction ensued. After
that the reaét ,';..“ refluxed with acid

in order to bé& decomposed to aldehyot (Smith and Bayliss,

19413 Smﬂnﬁﬂ'ﬁcﬂ]ﬂmwﬂqni
QA RITFIRFH AT GE rorsonse

(R’R"WCHO) with Grignard reagents (Figure.15-C)

This method 1is also known as Bouveault
aldehyde synthesis since Bouveault discovered it in 1903.
The equimolecular amount of formamide was added to the
ethereal solution of the Grignard reagent. Then the

reaction product was decomposed to aldehyde by acid.
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A. EtOCH,COOEt -+ :2RMgX-—> EtOCH2C(OH)R,

.-CH(OEt )§+¥RM

- RMgX+ .CSop

HT
~-EtOCHZC(OH)Ry—> Et OCH=CRy™> HOCH=CR,

w-—)RéCHCHO

"'+~<,‘MgXOEf
!—'

“RCH(OEt)y

: //q \\\ 2
. SRMgX—+RR'Nghg A 455 NR'R

‘RCSSH+ -Hah HGONHy + HyS+S

r - |
iy
’RCH:NNHCON*I + HCl+ H20——> RCHO+HaNCONHNH5 HCL

ﬂ‘HEJ’J‘VIEJVIﬁWEJ’]ﬂ‘i

Figure 1 Synthesis o& aldehydes from Grl ard reagents

A ﬁ“ﬂﬂ‘im um'mma d

. ethyl ethoxyacetate;
B. triethyl orthoformate;
C. N,N-disubstituted formamide;

D. Carbon disulfide
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(Smith and Bayliss, 19413 Smith and Nichols, 1941).

, A.4 Reactions of carbon disulfide (CS,_) with

Grignard reagents. (Figure 15-D)

collaborators discovered
and developed a synthes i vde in which a Grignard
reagent reacte ¥ : mfide to produce a dithio
acid which into an aldehyde
derivative b . semica 7 ', phenylhydrazine or
hydroxylamine | was then hydrolyzed
to the aldehydr. f 4 :7’g: 10,15 941).

B. The ary alcohols to aldehydes

(Figure 16-A
;yg—————————‘** ,3‘

Simple ald des may be.ﬁ-tained in reasonably

good yield by"‘ﬂidation ©f the corresponding primary

alcohols @J:MEL%%LEJMﬁmﬁﬂﬂlite sulfuric acid
TN e

possible by distillation through a fractionating column.

These rather vigorous conditions (high
temperature and/or an aqueous strongly acidic enviroment)
are however unsuitable for those primary alcohols which

are insoluble in water. For +those reasons several
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non-agueous chromium (VI) oxidising reagents have been
developed including the Collins reagent , pyridium-

chlorochromate and pyridium dichromate.

Corey and Schmidt(1979); Furniss et al. (1991)

had investigated that .t ; ,ert pyridium dichromate in

ﬂary alcohols to the

corresponding y ; - er, regardless of the
nature of the , ' \ x\\\\\\\

€. Th i0m Q‘.~ (RCN) to aldehydes

methylene Ch10r10“

(Figure 16-B)

itrile is achieved with

anhydrous tin . ( “thlorid plved in ether or ethyl

acetate -gr.i’ d with ¢ ,f oride (the Stephen
aldehyde synthégks). § ng »ﬂoimine‘hydrochloride

the fform of a c omplex with tin (IV) chloride)

ZZ’"ZiZTLﬁuﬂ;mamm Talik
R mam&mmm A

aromatic aldehydes but reduction of the higher aliphatic

nitriles normally gives good yields (Stephen, 1925).
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D. The reduction of acid chlorides (ROCl) to
aldehydes (Figure 16-C)
Brown and McFarlin(1958) had investigated that

lithium tri-t-butoxyaluminohydride obtained from +the

reaction of lithium _alum " Aydride and t-butyl alcohol
was a selective dire géiey observed that when

lithium tri-tg

in tetrahydrofuran or
diglyme soluti ometric amount to t,he acid
chloride iﬁ 4 ; . ‘at \-80 €, gave the aldehyde
in yields of 6 | ‘aromatic derivatives

and 40 to 60% derivatives.

s o 2 2 5
E. The re ;;; —ni boxylic acids to aldehydes

(Figure 16-D)

(7

Be@nbaug oa e
corboxylic :ﬁﬂw e ui’ﬂ aldehydes by lithium in
methylami%ﬁ gdﬂtﬁ[ﬁx Y ﬂi,jtﬁj'thought to be a
carbﬁw \n R ‘lﬂw ? ﬁ{ imine during
the iso atio@ﬂ?je‘igp he :Ii eﬂ}ﬂ[il can be isolated

in good yield) is hydrolyzed to the aldehyde (slowly in

X
’ (197@ discovered that

neutral aqueous solution, rapidly in acidic aqueous
solutionf. They investigated that saturated acids ranging
from five to fourteen carbons, an unsaturated acid (8-
octadecenoic), and a diacid (nonadioic) were reduced with

good results (yield ~ 60%).

11%0940 5%



A. RCHy0H -5 RCHO

+ T}-  H,0
B RoN-SRa e [R_-CH=NH3CL~2—> RCHO

C. RCOCL-hLiALH[OC(C 347 ##> RCHO + Licl +

D. RCHaCOOH—#=—<442 ‘—>RCHZCHO

/ -.7 .‘ I'.
E. R-C-N__ +Lia :r A~ RCHO + HNR,

f:ﬂ" u

Figure 16. ;,Vg,

2 1mar alcohols 3 an the reduction of

ﬂ“H’EITﬂ UWINENT

Q. (arbomllc acids: E acid am? (

’Q‘W’mﬂﬂ‘immﬂﬂﬂﬁﬂﬂﬂ

;;n the oxidation of

36
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F. The reduction of acid amides to aldehydes.

(Figure 16-E)

Micovic and Mihailovic (1953) discovered that

if the ethereal solution of lithium aluminium hydride was
added to the etherea 1 4 amide at low temperature
(-15°C to -10°cy wit&mole of hydride for omne
mole of disubstW i \“v:\ \ were obtained. The
: , \HNR
'\

formation of M\\; oceeds through the
x\

:-‘ ' 5 a usual nucleophilic
,\\\

e hydride in AlH

complex forme
“substitution,

Upon hydrolysis Lve an unstable amino

alcohol which fvguld ) 'dec 1 by intermolecular

ndinis, : . 2
displacement, to a d“égi —aAae e starting amine.

:}!1,3—dioxolan-4—

D
A UEANENINENDS DA O

A aﬁmﬁﬁmﬁ (1T

monohydrate. he removal of water formed is found

TI.

methanols.

materially to improve the vield of acetal. This can be
achieved either by azeotropic distillation or the use of
dehydrating agents such as anhydrous calcium chloride.
(Showler and Darley, 1967; Vicchio and Callery, 1989).

(Figure 17-A)
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Transacetalation reactions (Figure 17-B)give cyclic
acetals when aliphatic acetals and glycerol are condensed
in the presence of sulfosalicylic acid(Piantadosi et al.,

1958)

II1. : ate derivatives (ROSO_NH_)
sulfamoyl chloride
(ClSOzNHZ) wi alcohols (Graf, 1968:
Maryanoff et a ). (Figure 18-A)

phenylsulfamate with

alcohol (Figure

oup from phenol is

07¢. This reaction is

transferrd t ;y

z . x I :
rapid and 1rrey£}s1b © onaus, 19725 1o et al.,1992).

‘a Qv | |
FJ.I uEJ fllm ﬂan jnwc&]’] f(l)j\zyloxycarbonyl )
AR T T 1
q | | |
The reaction of alcohol with
N-chlorosulfonyl-urethane such as (benzylox§carbony1)
sulfamoyl chloride yields estér of urethane—N;sulfonic

' acid, which is then submitted to catalytic hydrogenation

to yield sulfamate (Graf, 1963, 1968; Lo et ale, 1992



A. RONa +CISOpNHy—> ROSO,NHy + NaCl

“ROH-+CISO,NHy —> :ROSO,NH, + HCI

“90-12 0

B. *P.hOSOzNHz-l' ROH ———> ROSOZNHZ-* ‘PhOH

‘&ozwcozcnzpm HCI

i i ».C'SOZNHCOzC
*ROS_OzNHCO =
YN *ROH—O-«SO_2C|

Reduc

7 ,
Eigure418.«SynEres ““sulfamate derivatives from the
react‘a

A HINBNITNY IS e,

B. alcohol add phenylsulfamate; o

QRIAIAIUNBIINTIN L, v

chloride;

i¥

D. the reduction of azidosulfate

40
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D. The reduction of azidosulfates (ROSO_N_)

to sulfamates (Figure 18-D)

Azidosulfate can be prepared by reaction

of alcohol either with sulfuryl chloride (s0,Cl) and

sodium azide (NaN_) ox fonyl azide (Cl B8O N ).

The azidosulfate to sulfamate. The
reduction react'r hed either by the
action of catfa’] " drog : (H,/Pd-C) , sodium
borohydride (NaE 0l (Cu/MeOH) (Matier
and Comer, 197 N\ 975, 1978;s3Maryanoff

et al., 1987):

AUEINENINYINS
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