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ABSTRACT

N-[1-(2-Phenylethyl)-piperidin-4-yl]-propionamide fefitanyl) is the prototype of the 4-
anilidopiperidine class of synthetic opioid analgss This study was aimed to review the best
method of synthesis and to determine the Structuatity-Relationship (SAR) of fentanyl
analogs. The best method of synthesis of fentanyhe method described in International
Application No.: PCT/IN2009/000159. The advantages as followed- simple, high yielding,
cost effective, eco-friendly, environmentally safdustrially feasible, does not require stringent
process conditions, sophisticated infrastructure apecially skilled personnel. The objective of
SAR studies is to discover compounds with adegpatency, greater selectivity and with
enhanced pharmacokinetic properties in comparisoexisting drugs.

Key words: Opiod analgesics, N-[1-(2-Phenylethyl)-piperidityl]-propionamide, Method of
Synthesis, Structure-Activity-Relationship.

INTRODUCTION

Piperidines are important class of heterocyclic poumds of which 4-anilidopiperidine

derivatives in which a nitrogen atom has been tegebetween piperidine & aromatic ring
represent a particular class of mu-agonist chaiaetéby very high analgesic potency relatively
short duration of action & good overall safety marduring surgical anesthesia.

The basic anilide N-[1-(2-Phenylethyl)-piperidinyd-propionamide (Fig.1) is the prototype of
this class of analgesic. It is about 50-100 timesenpotent than morphine and is characterized
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by a rapid onset of analgesia and a relatively tsldoration of action [1-3]. From its
pharmacological action, it appeared to be capabl®rning a complex with stereospecific
receptor postulated for analgesic action.

Ph
\_ _-COCH;
N

N
CH,CH,Ph
Fig. 1 Fentanyl

N-[1-(2-Phenylethyl)-Piperidin-4-yl]-Propionamid&dntanyl) is a synthetic primary p- opioid
agonist & a potent narcotic analgesic with a ragmdet & short duration of action [1]. Fentanyl
was first synthesized by Dr. Paul Janssen in 1880wing the medical inception of pethidine
several years earlier. Fentanyl is extensively dsednesthesia & analgesia in operating rooms
& intensive care units. It is often administeredcombination with benzodiazepine to produce
procedural sedation for endoscopy, cardiac catizatemn & oral surgery. Fentanyl is often used
in cancer therapy & other chronic pain managemest to its effectiveness in relieving pain.
However, there is increasing number of reportsespiratory depression events since late 1970s

[2]

Analogues of N-[1-(2-Phenylethyl)-Piperidin-4-yl]-Popionamide (Fentanyl)

A very large number of fentanyl analogs have begnhesized since 1963. The corresponding
pharmacological data have been published and thetste-activity relationship established. The
pharmaceutical industry has developed several gnatoof fentanyl:

- Alfentanyl (trade namdlfenta), an ultra-short acting (5—-10 minutes) analgdsscpotency is
1/4 the potency of fentanyl and around 1/3 of theation of action, but with an onset of
effects, it is 4 times faster than fentanyl [448bwever, alfentanyl has been used frequently in
clinical practice [6].

- Sufentanyl (trade nam8ufenta), a potent analgesic (5 to 10 times more poteah th
fentanyl) for use in heart surgery. It is approxiena5 to 10 times more potent than fentanyl.
It has a rapid onset and recovery is considerée tmore rapid than with fentanyl [4-6].

- Remifentanyl (trade namdltiva), currently the shortest acting opioid, has theelfie of rapid
offset, even after prolonged infusions. It is apymately as potent as fentanyl [7]. It has a
more rapid onset of analgesia than fentanyl orrgafeyl and an ultrashort duration of action
[6].

+ Carfentanyl (trade nanmildnil ) is an analogue of fentanyl with an analgesic pogel0,000
times that of morphine and is used in veterinaacpice to immobilize certain large animals
such as elephants. [8]

« Lofentanyl is an analogue of fentanyl, with poterstightly greater than Carfentanyl with a
remarkably long duration of action, though not wdtimical significance [9-10].
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Like otherp agonists, all these drugs suffer from serious e#veffects including respiratory
depression, muscle rigidity, nausea, sedation atidprolonged use, tolerance and addiction [6].
Several other compounds are still under extensra¢uation in animals nowadays, while some
of them are proposed as useful tools for studyiregopioid receptors [115].

H H
| Ph
H3COH2C N_COC2H5 MeOOC N COCsz
MeOOC N——COC2Hs
| | N
S
b | |
e \ / CH,CH,Ph CHZCH,Ph
2CH>
Sufentanyl Carfentanyl Lofentanyl
I
H H3COH2C N_COC2H5
MeOOC N——COCHs
O
I
T CH2CH2_N C2H5
CH,CH,COOCH3 \N=N
Remifentanyl Alfentanyl

Fig. 2 Analogs of Fentanyl

Structure Activity Relationship of 4-anilidopiperidines:

The objective of SAR studies is to discover commsuwith adequate potency, greater
selectivity and with enhanced pharmacokinetic pridge in comparison to existing drugs. The
development of novel opioids as research tooltni®st equally important. They serve as probes
for 3D structures of binding domains of opioid newes, which are presently only poorly
understood [16]. The establishment of detailed SRombination with conformation analysis
of the ligands, is an important approach to stugiywaceptors [17-19]. Isotopically labeled
fentanyl derivatives have been employed in opiekptor studies, both vitro andin vivo [20-
22]. For example, positron emission tomography, T)lRP®ith 11C labeled carfentanyl, has been
used in healthy volunteers to observe the opioc@ptor distribution in the body organs and
other receptor properties [23-24]. Furthermore,ah@pioid ligands are indispensable in studies
of pain transmission mechanisms [25-26].

1) Effects of ortho fluorination of the anilido fatonality: initial structural modification of the

basic 4-anilidopiperidine was to vary the N-acyliety & to substitute on the anilido phenyl

ring.

a) Replacement of the propionamide group of fentanythwa methoxyacetamide or 2-
methoxypropionamide did not diminish efficacy obagesia.

b) Enhancing the bulk at this area of the moleculeektending or branching of the alkoxy
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chain generally abolished activity.

c) Introduction of a para substituent in the anilidepyl group of fentanyl decreases analgesic
activity, with fluorine substituent causing thedeahift.

d) Absence of either the cis juxtaposition betweengihiestituents at carbon 3 &4 or the ortho
fluorine resulted in complete loss of activity.

e) The presence of an ortho fluorine on the aromaig of the amide group enhanced potency.

2) In the 4-(heteroanilido) piperidines the insmrtiof one or two carbon chain between the
phenyl & nitrogen of the anilido group of the femgaprovide more potent compound which
provide shorter duration of anesthesia.

3) In aryl & 4-heteroaryl piperidines the most putanalgesic had a phenethyl and a 2 or 3-
thienylethyl substituent at the piperidino nitrog&nthat an ortho-flourine on the anilido
phenyl enhanced analgesic activity while a chlodmeinishes analgesia.

a) Direct attachment of heteroaryl ring to the piperdring resulted in compounds having
improved potency relative to fentanyl.

4) In the heterocyclyalkylation at the piperidinégragen compounds bearing certain five
membered rings are more potent than six membengd.ri

a) When azolinone ring were fused to a benzene riotgnt analgesia was detected, but was
reduced when an additional C=0 or an internal lbatem was introduced.

b) Optimal pharmacological accommodation was seen wiithse compounds in which
heterocycles were fused to only one benzene ringn&ethyl connector attached to a
nitrogen, which was situated between the benzege&ia C=0 group

5) Both esters and reverse esters at the 4-posit®active, as are the simple ketones. Propyl is
the optimal chain length {excluding the ester oxyjge

6) The phenyl ring at the 4-position is necessaryafktivity, and must be able to assume the
axial position. Addition of m-OH group will enhan@etivity, such analogues are called
bemidones.

HO o)

N
CHs3

K etobemidone
Fig.3 Example of Bemidone

7) If a reverse ester is combined with a 3-metby analogues are known as prodines. The
methyl group may cause enantiomeric recognitiothleyopioid receptor.
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Fig.4 Cis-trans isomer of prodine

8) The nitrogen substituent is a methyl in mosesa# phenethyl or its equivalent will increase
activity. It is not possible to confer antagonistidty with a nitrogen substituent such as
allyl.

9) Substitution by either ethyl or phenyl moiety thve propioanilide group generally decreases
activity, on the contrary, an o- methoxy substituappears to increase opiate receptor
binding slightly.

10) The cis- (+) — methyl analogue has been foorokt6684 times as potent as morphine but a
methyl group in the 2- position or 2, 5 dimethydatileads to significant reduction in
analgesic activity.

11) When the piperidine derivative is either coctied to a 3-anilido piperidine derivative or
expanded to a 4-anilido perhydroazepine derivategyity is again decreased.

12) The analgesic activity of the 4-anilido pipéngs is greatly enhanced by the presence of
substituent in the 4-position of piperidine ring.

13) Substitution of a methoxy methyl group at thpoition of the piperidine ring leads to a
compound possessing 10,000 times the potency gfhime in rats.

14) Introduction of alkoxy carbonyl or oxo-alkyl lsstituents in the 4-position also enhances
activity.

15) A conformationally constrained derivative in ieth phenyl is constrained in the beta-
orientation is inactive but in conformationally atrained tropane analogs of fentanyl the
beta-analogs, in which the anilido group is equakois more potent than the alpha-isomer in
which the propioanilido moiety is pseudoequatorial.

Structure Activity Relationship of N-Phenyl-N-[1-(2-phenylethyl)-piperidin-4-yl] —
propanamide:

1. Introduction of a methyl group in position 3tbe piperidine ring may dramatically enhance
the analgesic activity, depending on the relatieé the absolute stereochemistry [27, 28]. Also,
replacing 3-methyl with an allyl or a propyl grosignificantly reduces overall potency [29, 30]
2. The presence of an alkyl group substituent isitpm 3 of the piperidine ring generally
decreases or completely inhibits the analgesioviactcompared to fentanyl. However, with
increasing voluminosity of the alkyl group, the @aty decreases rapidly [31].

3. The antinociceptive potency of fentanyl analsgsstituted in the position 3 of the piperidine
ring is independent of the nature of the substitgeoup,i.e., it is influenced by the steric factor
only.

4. The relativecis/trans stereochemistry is important since ttisisomers are 1.5-6 times more
active than thé&ransisomers. [45, 50]
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5. It was observed that the optimum length in cdsmilido side chain of the N-Phenyl-N-[1-(2-
phenylethyl)-piperidin-4-yl]-propanamide derivatsvés the propionanilide. Replacement of the
propionyl group of anilido side chain with eitheetyl or benzoyl group decreases the activity.
6. Replacement of the propionamide with 2- or 3ndwamide resulted in the compounds with
antagonist activity against morphine induced arségé& respiratory depression.

7. The conformational studies have revealed tbetfeat the anilido moiety adopts an equatorial
conformation.

8. The size of the piperidine ring also plays ampartant role in determining the analgesic
activity.

9. Introduction of a methyl group at the C-3 o# thiperidine ring gave chiral analogues. The
(+)-cis- methoxy N-Phenyl-N-[1-(2-phenylethyl)-pijdin-4-yl]-propanamide was found to be
100 times more potent whereas, corresponding racears isomer was approximately as active
as N-Phenyl-N-[1-(2-phenylethyl)-piperidin-4-yl]qwanamide.

10. Compounds in which the anilido phenyl ring tead ortho-substituent, the trans isomers
were found to be more potent then cis- isomers.

11. Effect of other structural variations in thalido part like ring closure between the ortho
position & the piperidine ring or in the propiongtain & the replacement of the N atom by a
tetrahedral C-atom on the analgesic activity haso dbeen carried out to obtain better
understanding of the structural features goveriregopiate receptors interaction of N-Phenyl-
N-[1-(2-phenylethyl)-piperidin-4-yl]-propanamideéé analgesia.

Scheme 1
o N Ph
H NHPh
PhNH, LiAIH 4
—_— _—
pTsOH Ether
N N T
CH,Ph CHzPh CHaPh
(C5,H5CO),0
Toluene
COC,H
COC,Hs COC,Hs 2
H N——Ph H N——Ph
2/EtOH
PhCH,CH,CI
-
Na,CO5/KI,iBUCOCHS; 10% Pd/C
N N |
| | CH,Ph
CH,CH,Ph H

Fig. 5 Synthetic Scheme Followed by Janssen et al

12. The addition of a polar carbon substituerg HCOOCH & -CH,OCH;s at C-4 position of
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the piperidine ring enhanced the potency. For exan@arfentanyl was found to be 27 fold
more active than N-Phenyl-N-[1-(2-phenylethyl)-piden-4-yl]-propanamide & 7800 times
more than morphine.

13. Combinations of a heterocyclic substituenttenpiperidine chain & a polar carbon group at
C-4 of the piperidine ring yielded clinically uséfirugs “Sufentanyl & Alfentanyl”

14. Incorporation of an ester functionality intipgridino substituent gave Remifentanyl which
was 30-fold more potent than Alfentanyl with rapigset & offset of action.

Method of Synthesis of N-Phenyl-N-[1-(2-PhenylethydPiperidin-4-yl]-Propanamide:

Janssen et al [32-34] first synthesized N-Phenyl-N-[1-(2-Phenylethylpeiidin-4-yl]-
propanamide, one of the most potent synthetic mhiaranalgesics in 1964 (Scheme 1) describes
their synthetic route.

Comments:

1. The main disadvantage associated with this peoisea multi-step, hence requires more time
and over all appreciably reduced vyield. It alsouregs stringent operating conditions such as
reflux temperature in all five steps thus making firocess energy extensive, which in turn
makes the process uneconomical.

2. The other drawback is that every process stéqesnase of organic solvent requiring removal
of these solvents, which not only adds to the dve@st of the process but also makes the
process environmentally unsound and unsafe.

3. Further steps (i), (i), (i), & (v) being mdige sensitive requires additional infrastructund a
precautions, which is undesirable for large scabelpction.

4. Lithium aluminium hydride in step (ii) reactsolently with water and liberates hydrogen,
which is likely to cause the material ignite. Thisr large scale production, use of lithium
aluminium hydride in step (ii) is undesirable freafety and environmental point of view.

Scheme 2
CH5OH
RNH, + 2CH,=CHCOOCH ——— >  RN(CH,CH,COOCH,)
100%
Na/EtOH
Y
(0]
(0]
COOCH;Z
H+
-
66%
N
N
R
R
R = CH,Ph
R = CH,CH,Ph

Fig. 6 Synthetic Scheme Followed by Zee et al
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5. The diethyl ether used is highly inflammable Ibwiling organic solvent posing fire hazards
that requires special fire safety measures paatityuin up scaling of the process.

6. Similarly the palladium charcoal used in hydmatgon/debenzylation increases the cost of the
process.

7. The effluent stream of the subject proceskelito impair the environment.

8. The process as reported in literature is enesggnsive, cost extensive, time consuming,
requires sophisticated infrastructure to maintaiimgent operating conditions, requires specially
trained skilled personnel, likely to impair ecogyst& environment and unfit for large scale
production, i.e. industrially and commercially ualie.

N

+

PTC
—>
HN (o]
NPP

0 p=E.0
O O
AT

N

o

N-(1-Phenethyl- p|per|d|n -4-yIN-phenyl-propi
onamide
Fig. 7 Synthetic Scheme Followed by Siegfried
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Zee et al[36-38] synthesized the starting material from Rdtbeylamine, and methyl acrylate in
methanol via the intermediate diester, the hydislg$ which yielded the desired 4-piperidone,
(Scheme 2) then reductive amination of desiredpénlone with aniline using Na/EtOH as the
reducing agent was done followed by acylation ypitbpionyl anhydride in toluene to give 93%
of N-Phenyl-N-[1-(2-Phenylethyl)-piperidin-4-yl]-ppanamide

Siegfried reported the synthesis of N-Phenyl-N-[1-(2-PheryBtpiperidin-4-yl]propanamide
using N-phenethyl piperidone (NPP) as the precurSbe NPP reactswith aniline giving the
imine derivative which is reduced to 4-Anilino-N-@ttethylpiperidine (4-ANPP) which then
reacts with propionyl chloride giving Fentanyl.

The overall yield of this synthesis is about 50-88%he main loss of material occurs during
purification of ANPP in step B

Polish patent No. 72,41637] describes a process for the preparation of N-RHeH¥-(2-

Phenylethyl)-piperidin-4-yl]-propanamide also comps of following five steps:

» Condensation of 2-phenylethylaminewith methyl ohyktacrylate to get N,N-bis-(2-
Carbalkoxyethyl)-phenylethylamine,

* Cyclising the said amine in presence of sodium metie (alkoxide) to give 1 - (2-
phenylethyl) pperidine-4-one,

» Condensing the said I-(2-phenylethyl) piperidinese with aniline to give |-(2-phenylethyl)
piperidinylidene aniline, followed by

* Reduction by employing lithium aluminium hydridedasubsequently

» Acylating to procure N-Phenyl-N-[1-(2-phenylethyiperidin-4-yl]-propanamide

Comments

1. It employs moisture sensitive sodium methoxia lghium aluminium hydride

2. It involves five steps and thus inherits thendbmcks associated therewith.

3. This process is cost extensive, unsafe to emviemt, requires special operational conditions
and thus unfeasible for industrial and commergqigpliaations.

CRDEC [39-40] developed method which involves the Strecker syisheith aniline, KCN,
and AcOH in 2-propanol gave excellent yield of @@minonitrile which undergod®eductive
decyanation with NaBlHn 2-PrOH resulting in compound with 85-90% yiel@ihese two steps
can be carried out in one pot without the isolatidrhus, this process represents a considerable
improvement over the others

Suh et al [41]reported a four step method for the synthesis -&fhidnyl-N-[1-(2-phenylethyl)-
piperidin-4-yl]-propanamide starting from Phg@EH,NH3;"0,CCF; The key step of this method
involved the efficient construction of the phenétipyperidone skeleton via aminomethano-
desilylation-cyclization followed by swern oxidatio

Gupta et al [42] have reported a one pot synthesis of N-Phenyl-K&ffahenylethyl)-piperidin-
4-yl]-propanamide which involves three consecutreactions in a single reaction vessel.
Though this method provided an attractive synthetite, it was not found suitable for the scale
up synthesis of N-Phenyl-N-[1-(2-phenylethyl)-piién-4-yl]-propanamide because of low
yield of product.
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“ CH \ MHPH H MHP H
FPhiH; MNaBH,
_—
KCN 2-PrCH
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Fig. 8 Synthetic Scheme Followed at CRDEC
Ph COEt
\./
o] N
1.PhCH,CHO, NaBH(OAC)EtsN,24hr
2. PhNH, NaBH(OAc},AcOH,24 hr
3. EtCOCI, 2 hr
N DCE,RT N
H
CH,CH,Ph

Fig. 9 Synthetic Scheme Followed by Gupta et al

The Indian application No.2554/DEL/2004 [43from DRDO discloses a method comprising:

» Refluxing 4-piperidonehydrochloride monohydratehaphenethyl bromide in acetonitrile in
presence of potassium carbonate and tetra butylcgmoum bromide (TBAB) to give NPP
(N- phenethyl-4-piperidone)

» Reacting NPP with aniline in presence of zinc &boaaylic acid preferably acetic acid to
give ANPP, then reacting with propionyl chloride get N-phenyl-N-[1-(2-phenylethyl)
piperidin-4-yl] propanamide.
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Advantages:

(@) Reducing number of steps from five to three.

(b) Employing all readily available indigenousglyailable reactants.

(c) Eliminating employing moisture sensitive (sadimethoxide), fire hazard reagents (lithium
metal hydride) and highly flammable low boiling wenht.

Disadvantages:

(&) The process is low yielding.

(b) Polymerization of 4-piperidone hydrochloridemohydrate reactant takes place in step (i),
which results in increased load on effluent.

(c) Using organic solvent as a reaction mediumrantbval of organic solvent is necessary this
adds to the cost as well as makes the processoanwentally unsafe/unsound.

(d) Requirement of anhydrous condition

International Application No.: PCT/IN2009/000159 [48] provides a method for the
preparation of N-Phenyl-N-[1-(2-phenylethyl)-pipstri-4-yl]-propanamide Comprising:
» Reacting 4-piperidone hydrochloride (NPP) with iaeilin presence of reducing environment

to produce 4-anilinopiperidine (4- ANPP).
BN
C,HsCOCI
—_—
1,2-dichloroethane
(jN

ANBP BPP

-

H
N

Zn/AcOH
+ PhNH,———>»

(0]
NBP

SASVY

H,/ 10% Pd-C

: N 0 DMF, K,CO;3 E
- N
Alkyl bromide
(6]
N HN

R
N-Phenyl-N-[1-(2-Phenylethyl)-piperidin-4-yl]-propamide R= CH,CH,Ph PP
Fig. 10 Synthetic Scheme as per International Apptation No.: PCT/IN2009/000159
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» Alkylating / reacting the 4- ANPP as obtained fratep (a) with phenethyl halide under
reflux conditions in highly alkaline medium to gideanilino-N-phenethylpiperidine.

» Converting the said 4-anilino-N-phenethylpiperidine N-Phenyl-N-[1-(2-phenylethyl)-
piperidin-4-yl]-propanamide by reacting with propio chloride in presence of halogenated
hydrocarbons then isolating N-Phenyl-N-[1-(2-phetiy}l) piperidin-4-yl]-propanamide by
solvent extraction and purified by crystallizativom petroleum ether (60-80 °C).

Comments

This method is better than all above described ousttbecause the process yield is more than
60%. This process does not require organic sohantbe reaction medium thereby making the
process cost effective as well as eco-friendly.

This invention also avoids using hazardous reagsoth as sodium borohydrate, sodium
methoxide, lithium aluminium hydride, inflammablaw boiling solvents, ether using different
starting material, high cost reagents such as gialia charcoal avoiding polymerization of

reagents, directing process in a predetermined eratiereby making process environmently
safe, sound & beneficial. This process avoids egiptp sodium borohydride & eliminates

exothermic reaction resulting in making processheaucal.

This invention particularly relates a method thatsimple, high yielding, cost effective, eco-
friendly, environmentally safe, industrially fea&p does not require stringent process
conditions, sophisticated infrastructure and spkycskilled personnel.

CONCLUSION

It could be concluded by comparing the Pros and adrall the above described methods that
the best method of synthesis of fentanyl is as rdest in International Application No.:
PCT/IN2009/000159 owing to its process yield mdrant 60%, absence of organic solvents as
the reaction medium thereby making the process eftsttive as well as eco-friendly. Also, it
avoids the use of hazardous reagents such asnsdmtitohydrate, sodium methoxide, lithium
aluminium hydride, inflammable low boiling solventsther using different starting material,
high cost reagents such as palladium charcoal enpigdolymerization of reagents, directing
process in a predetermined manner thereby makingeps environmently safe, sound &
beneficial. The S.A.R study will help in discovegimew compounds with adequate potency,
greater selectivity and with enhanced pharmacokingtoperties in comparison to existing
drugs.

REFERENCES

[1] Stanley, T.H.J Pain Symptom Manage00<; 7(3): S3-7.

[2] Smydo, J.Anesthesia Progreskd7¢; 26(2): 47-8.

[3] Leeuwen L., Deen L., Helmers J.lAnaesthesist981; 30(8):397-9

[4] Cookson, R.F., Niemegeers, C.J., Vanden Bussch8&rGl. Anaesth 198¢; 55:147S-55S.

[5] Janssens, F., Torremans, J., Janssen, P.MNed. Chem198¢; 29: 2290-7.

[6] Gutstein, H.B., Akil, H., InGoodman & Gilman's The Pharmacological Basis of
Therapeutics Brunton, L.L., Lazo, J.S., ParkeK.L., Eds.; 11th Ed; McGraw-Hill Medical

137
Pelagia Research Library



Poonam Yadawet al Der Pharmacia Sinica, 2010, 1 (3): 126-139

Publishing DivisionNew York, Chapter 21200¢; pp. 547-90.

[7] Feldman, P.L., James, M.K., Brackeen, M.F., Bilottavl., Schuster, S.V., Lahey, A.P.,
Lutz, M.W., Johnson, M.R., Leighton, H.J.,Med. Chem 1991, 34: 2202-8.

[8] De Vos, V. Vet Rec 197¢; 103: 64-8.

[9] Gommeren, W., Leysen, J.Rrch. Int. Pharmacodyn. Thed98Z; 258: 171-3.

[10] Laduron, P.M., Poncet, J., Janssen, MEuropharmacologyl 98%; 24:617-20.

[11] France, C.P., Ahn, S.C., Brockunier, L.L., Bagl@yR., Brandt, M.R., Winsauer, P.J. and
Moerschbaecher J.MPharmacol Biochem Behd®98 59: 295-303.

[12] Subramanian G, Paterlini M.G., Portoghese P.S Fanguson D.MJ Med Chen200C(; 43:
381-91.

[13]Lu Y.F., Xu H, Liu-Chen, Chen C, Patrtilla J.Srjrii2 G.A., Carroll F.I., Rice K.C., Lai J,
Porreca FSynapsd.998 28: 117-24.

[14] Gauthier C.A., Bagley J.R., Brockunier L.L. and i@ C.P.Behav Pharmacol1999; 10:
543-547.

[15] Micovic 1.V., Ivanovic M.D., Vuckovic S.M., Dosseltcovic L.J. and Kiricojevic V.D.
Bioorg Med Chen200Q 10: 2011-2014.

[16] Pasternak, G.\\Neuropharmacology200¢4; 47: 312-23.

[17] Williams, M., Kowaluk, E.A, Arneric, S.R. Med. Chem199¢; 42: 1481-500.

[18] Subramanian, G., Paterlini, M.G., Portoghese, FE&guson, D.MJ. Med. Chem 200(;
43: 381-91.

[19] Husbands, S.M. and Lewis, J.W.Med. Chem200(, 43: 139-41.

[20] Jewett, D.M., Kilbourn, M.RNucl. Med. Bial, 2004, 31: 321-5.

[21] Henriksen, G., Platzer, S., Marton, J., HauserB&rthele, A., Schwaiger, M, Marinelli, L.,
Lavecchia, A., Novellino, E., Wester, H.J. Med. Chem 2005 48: 7720-32.

[22] Lavecchia, A., Novellino, E., Wester, HIJ.Med.Chem 200¢; 48: 7720-32.

[23] Bencherif, B., Fuchs, P.N., Sheth, R., Dannals,,-CEmpbell, J.N., Frost, JBain, 200z;
99: 589-98.

[24] Hirvonen, J., Aalto, S., Hagelberg. N., Maksimdw, Ingman, K., Oikonen,V., Virkkala,
J., Nagren, K., Scheinin, Hur. J. Nucl. Med. Mol. Imagin@009 36: 275-86.

[25] Lembeck, F., Donnerer, Bur. J. Pharmaco) 198%; 114:241-6.

[26] Wager, T.D., Scott, D.J., Zubieta, J®roc. Natl. Acad. Sci. U.S.2007 104: 11056-61.
[27] Riley, T.N., Hale, D.B., Wilson, M.Cl. Pharm. Scj 197%; 62: 983-6.

[28] Van Bever, W.F., Niemegeers, C.J., Janssen, B.AVled. Chem197< 17: 1047-51.

[29] Casy, A.F., R. Parfitt, TQpioid AnalgesicsPlenum Press: N. Y., USA98¢; 287-301.

[30] Casy, A.F., Ogungbamila, F.Q. Pharm. Pharmacol198z; 34: 210.

[31] Vuckovic, S., Prostran, M., Todorovic, Z., Grbovic, lvanovic, M., Stojanovic, R., Matic,
I. Fundam. Clin. Pharmacoll999 13: 212.

[32] Janssen, P.A.J., “Method for producing analgesi&. Patent 3,141,823964).

[33] Janssen, P.A.J., “1-Araalkyl-4-(N-aryl carbonylaojirpiperidines & related compounds,
U.S.Patent 3,164,600965

[34] Casy, A.F., Hassan M.A., Simmonds, A.B., Stanifofih, J Pharm. Pharmacl96¢; 21:
434-40.

[35] Zee, S.H., Lai C.L., Wu Y.M., Chen, G.&'O Hsuch Fa Chun Yuch K'ai987; 5: 387

[36] Benke, B., "N-[1-(2-Substituted-ethyl) -4-piperifighrboxamides,” Hung.

Patent 157,325 (1970); Chem. Abstr. ,Vol. 73, 2530®70).

[37] Jonczyk, A., "N-(2-Phenylethyl)-4-N-propoinylanitipiperidine,” Pol.

138
Pelagia Research Library



Poonam Yadawet al Der Pharmacia Sinica, 2010, 1 (3): 126-139

Patent 72,416 (1974); Chem. Abstr. Vol. 84, 438¢5876).

[38] Jonczyk, A., Jawdosiuk, J., Makosza Mrzem. Cheml97¢; 57: 131-134, 180-182.

[39] Zee. S.H., Wang, W.KChin. Chem. Soc. (Taip€ip8Q 27: 147-9

[40] Banks, H.D., von Ostwalden, P., Hsu, F.L. , In Reztngs of the 1988 U. S. Army CRDEC
Scientific Conference on Chemical Defense Resed®1,8 November, CRDEC-SP-013, U. S.
Army Chemical Research, Development and Engineediagter, Aberdeen Proving Ground,
MD, August 1989, UNCLASSIFIED Report, 775 -780.

[41] Suh, Y.G., Cho, K.H., and Shin, D.Mrch.Pharmacol.Re4998; 21 (1): 70.

[42] Gupta, P.K., Ganesan, K., Pande, A., Malhotra, R.CChem. Res2005 452.

[43] Gupta, P.K., Manral, L., Ganesan, K., Malhotra, .R.8ekhar, K.,”A method for the
preparation of fentanyl” International Applicatiddo.: PCT/IN2009/0001522009.

139
Pelagia Research Library



