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Abbreviations

ACN
AcOH
AIBN
Boc
(Boc) 20
DCM
DIPEA
DMF
DMSO
EDC.HCI
EtOAC
EtsN
Fmoc
Fmoc-OSu

HCIO4

=  Acetonitrile

=  Acetic acid

=  Azobisisobutyronitrile

= tert-Butoxycarbonyl

=  Di-tert-butyl-dicarbonate (Boc anhydride)
=  Dichloromethane

=  Diisoproylethyl amine

=  Dimethyl formamide

=  Dimethyl sulfoxide

N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride

=  Ethyl Acetate

=  Triethylamine
=  9-Fluorenylmethoxycarbonyl
=  N-(9-Fluorenylmethoxycarbonyloxy) succinimide

= Perchloric acid



HOBt =  1-Hydroxybenzotriazole

RP-HPLC = Reverse Phase High Performance Liquid Chromatography
IBC-CI =  Isobutyl chloroformate

KOH =  Potassium hydroxide

Leu = Leucine

LiOH =  Lithium hydroxide

NaBH4 =  Sodium borohydride

Na2COs3 =  Sodium carbonate

NaNO:2 =  Sodium nitrite

NMP =  N-methyl pyrrolidone

NMR =  Nuclear Magnetic Resonance
PPhs =  Triphenyl phosphine

TFA =  Trifluoro acetic acid

THF =  Tetrahydrofuran



1. Abstract

Chemoselective  1,3-dipolar cycloaddition reaction between the nitroalkane
functionalized peptides and alkenes is reported. The reactive nitrile oxide can be
generated in situ through dehydration reaction using phenyl isocyanate. The in
situ generated nitrile oxide was trapped with alkenes to give isoxazolines on
peptides. The nitrile oxide-alkene 1,3-dipolar cycloaddition reaction was found to
be compatible with solution as well as solid phase peptide synthesis. In a sharp
contrast to the copper catalyzed 1,3-dipolar cycloaddition of azides, the nitrile
oxides can undergo cycloaddition with both alkynes and alkenes. More
importantly, alkenes are easy to synthesize compared to alkynes and also a
variety of alkenes are commercially available. The selective and mild nitro-alkene
cycloaddition reaction reported in this project can be utlized to functionalize
peptides and other small molecules. Though the reaction is mild and compatible
for broad substrates, however still there is a need to improve the efficiency of
the reaction and also finding alternative to phenyl isocyanate to activate the nitro

group is important.



2. Introduction

Since past few decades, peptides serve as an excellent tool for bio-conjugation,
leading to various types of applications in diagnostics,! tissue engineering,> and
drug delivery.® Since peptides are consisting of a variety of amino acids arranged
in several different ways, this gives it unique properties which can be utilized to
design varieties of biomaterials, probes and drug molecules, also we can exploit
the peptide properties like biodegradability and functional diversity. Since in recent
years, bio-conjugation has an excellent tool for the synthesis of a variety of
different compounds via one of the most celebrated reaction named “Click
Chemistry”, because these reactions are selective, fast, efficient, orthogonal and
compatible at physiological pH. The term click was introduced by Sharpless in
2001.% In addition to click reactions various types other conjugation reactions such
as Thiol-ene,® Oxime ligation,® Rh catalysed 1,3 dipolar cycloaddition reaction,’
Diels-Alder,® strain promoted azide-alkyne cycloaddition® have been developed and
introduced to peptides for facile conjugation. 1,3 Dipolar cycloaddition reactions
were performed by Huisgen in presence of heat via a concerted mechanism,
involving 3-atom 4 electron but it gave 1,4 and 1,5 disubstitutedl,2,3-triazole with
poor regioselectivity along with the requirement of high temperature'®. However,
the copper catalysed click reaction give exclusive 1,4-disubstituted triazoles.*®
Fokin and co-workers showed by taking Ruthenium complex to get particular 1,5
disubstituted triazole product in high vyield.” To avoid the use of Cu(l) in organic
reactions, Bertozzi designed copper free strain promoted azide-alkyne
cycloaddition reaction.? The schematic representation of different types azide-
alkyne 1,3-dipolar cycloaddition reactions are shown in the Figure 1.
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Figure 1: Click reactions used for bioconjugation

The alkyl nitro group is one of the most versatile functional group in organic

chemistry.

aldehydes,

It can be transformed into many different functional groups such as

amines,

nitriles oxides, acids

etc.11

In

addition

to

these



transformations, alkyl nitro group can also be converted into reactive nitrile oxide
which can used for 1,3-dipolar cycloaddition reaction.'?'3 In the process, we can
replace azide by nitro group functionality which can be easily converted into nitrile
oxide through dehydration. There several protocols reported for the synthesis of
nitrile oxide as shown in Figure 2. Recently, we reported the synthesis new
amino acid consisting of nitroalkane functionality and it's utility in the orthogonal
1,3-dipolar cycloaddition reaction on peptides.?* Our group had showed the
compatibility of the 1,3 dipolar cycloaddition reaction between nitroalkane and
alkyne in both solid and solution phase peptide synthesis.'* In this project, we
sought to investigate whether 1,3 dipolar cycloaddition reaction between the new
nitroalkane amino acid in the peptide sequence and the alkenes are possible or
not. Here we report for the first time that nitroalkane appended peptides can
undergo 1,3-dipolar cycloaddition reaction with alkenes in both solid and solution
phase methods. As azide cannot react with alkenes, this reaction can also be

used as orthogonal to azide-alkyne click reaction.

( )
)
HO.
R NO, \”
alkyl nitro meiety N
oxime
0 y'4
1 | PhNCO, NCS/NaOCI/Cl,
RJ]\u,OTBDPS DCC, o
O-silylated hydroxamates cat. base m
N
2 R ~CI
T,0, TEA TE
-40°C to 0°C Hel hydroximinoyl chloride
N ?

N-O ® o N,

JL?"% <f—— R-C=N-0 [——» | )R
R R Ry;—=——R, R,—R, R

4 nitrile oxide Ry |
isoxazolines isoxazoles
‘ y

Figure 2. Different ways of preparation of nitrile-oxide.
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3. Methods

3.1. Chemicals

All amino acids and chemicals were purchased from the commercial sources. The
rink amide resin was bought from Novabiochem. Solvents were brought locally
and distilled before use. Column chromatography was performed on silica gel as
a stationary phase (120-200 mesh).

3.2. Instrumentation

Peptides were purified on Cis column in RP-HPLC (MeOH/H20 50:50-95:5 as a
gradient with flow rate 2.0 mL/min). *H and 3C NMR spectra were recorded on
400 MHz, 100MHz in BRUKER NMR spectrophotometer respectively using the
CDCls solvent having tetramethylsilane (TMS) as internal standard. Chemical shifts
(®) were reported in ppm. Mass of pure peptides was confirmed by HRMS and
MALDI-TOF/TOF.

3.3. General Procedures:

3.3.1. Synthesis of Compoundl:

L-Pyroglutamic acid (3.225 g, 25 mmol) was dissolved in 50 mL of tert-butyl
acetate and reaction mixture was cooled under ice-cold condition. To this
reaction mixture 3 mL of perchloric acid (HCIO4) was added in dropwise manner
which results in clear transparent solution. The reaction was allowed to continue
for about 26 hr and completion of reaction was monitored by thin layer
chromatography (TLC). After the completion of reaction, unreacted perchloric acid
was neutralized by 10% Na2COs, reaction mixture was extracted by DCM (50 mL
x 3) and followed by washing with brine (30 mL x 3) and dried over anhydrous
MgSOs4 and organicsolvent was evaporated under reduced pressure to obtain
white coloured solid compound 1. Yield: 4.16 g (89.99%).

13



H o) 0°C + rt
Pyroglutamic acid 26h
L /

3.3.2. Synthesis of Compound 2:

Compound 1 (4 g, 21.62 mmol) was dissolved in 60 mL of acetonitriie (ACN)
followed by addition of DMAP (261 mg, 2.162 mmol). Then reaction mixture was
cooled under ice-cold condition. After that (Boc)20 (7.44 mL, 32.43 mmol) in 30
mL of acetonitrile was added. Then the reaction was allowed to continue for 12
hr. The progress of reaction was monitored by TLC. After completion of reaction,
acetonitrile was evaporated and the aqueous layer was extracted with ethyl
acetate (50 mL x 3) and followed by washing with brine (30 mL x 3) and dried
over anhydrous MgSO4 and evaporated under reduced pressure to obtain orange
coloured viscous product. Yield: 4.7 g (76.31%).

L3Pt e O e
DMAP12h O=™N
0°c = rt

(1) (2)

3.3.3. Synthesis of Compound 3:

14



Compound 2 (4.7 g, 16.5 mmol) was dissolved in 50 mL of THF. To this solution,
30 mL of 1IN LiOH was added in dropwise manner. The progress of reaction was
monitored by TLC. After completion of reaction, THF solvent was evaporated
under reduced pressure and reaction mixture was acidified with 10% HCI solution
and then the aqueous layer was extracted with ethyl acetate (50 mL x 3) and
followed by washing with brine (50 mL x 3) and dried over anhydrous MgSOa.
Organic solvent was evaporated under reduced pressure on rota evaporator to
obtain orange coloured viscous compound 3. Yield: 4.3 g (86%).

( )

O.__OH
o LiOH,THF
—>
o N 1 hr o
Boc 0 BocHN \K
0

(2) (3)

3.3.4. Synthesis of Compound4:

Compound 3 (4.3 g, 14.19 mmol) was dissolved in 50 mL dry THF under nitrogen
atmosphere and reaction mixture was cooled to -15°C by using salt-ice mixture.
To the reaction mixture, triethylamine (2.36 mL, 17 mmol) was added followed by
drop wise addition isobutyl chloroformate (2 mL, 14.19 mmol). Then the reaction
was allowed to continue for about 40 min at -15°C. After that the active ester
was reduced to alcohol using NaBH4 (2.6 g, 70.95 mmol). Progress of reaction
was monitored by TLC, after completion of reaction, THF solvent was evaporated
under reduced pressure and excess NaBHs was quenched by 10% HCI solution
and then the aqueous layer was extracted with ethyl acetate (50 mL x 3) and
then followed by washing with with 10% HCI solution (50 mL x3), 10% Na2COs
solution (50 mL x 3) and then brine solution (50 mL x 3) and dried over

anhydrous Na2SOa4. Organic solvent was evaporated and obtained product was

15



purified by column chromatography using ethyl acetate and pet ether as eluent to

obtain pure compound 4. Yield: 3.5 g (85%).

4 OH A

IBC-CI, Et;N
Dry THF,-15°C

0
o
BocHN NaBH,  BocHN \|<
1 0

(3) (4)

3.3.5. Synthesis of Compound 5:

Compound 4 (3.5 g, 12.1mmol) was dissolved in 50 mL dry THF under nitrogen
atmosphere and cooled under ice-cold condition. PPhs (4.75 g, 18.16 mmol),
imidazole (1.23 g, 18.17 mmol) and iodine (4.6 g, 18.17 mmol) were added to
this solution respectively. Then the reaction was allowed to continue for 40 min.
Progress of reaction was monitored by TLC, after completion of reaction, THF
solvent was evaporated under reduced pressure and then the aqueous layer was
extracted with ethyl acetate (50 mL x 3) and followed by washing with 10%
Na2S203 solution (50 mL x 3), brine solution (50 mL x 3) and dried over
anhydrous Na2SOas. Then the organic solvent was evaporated under reduced
pressure and purified though silica gel column chromatography using ethyl acetate

and pet ether as eluent to obtain pure compound 5. Yield: 3.0 g (61.48%).

PPhj, Imidazole

o —> o
BocHN \K I/ THF BocHN \K
o 2h 0

(4) (5)
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3.3.6. Synthesis of Compound 6:

Compound 5 (3 g, 7.44 mmol) was dissolved in 10 mL of DMF under nitrogen
atmosphere and cooled under ice-cold condition. To this solution, sodium nitrite
(1.28 g, 18.16 mmol) was added. After that the reaction was allowed to continue
for 3 hr. Progress of reaction monitored by TLC, after completion of reaction,
10% Naz2S203 solution (50 mL) was added to reaction mixture and then the
aqueous layer was extracted with ethyl acetate (50 mL x 3) and then followed
by washing with 10% Na2S203 solution (50 mL x 3), brine solution (50 mL x 3)
and dried over anhydrous Na:SOas4. The organic solvent was evaporated under
reduced pressure and purified via silica gel column chromatography using ethyl
acetate and pet ether as eluent to obtain pure compound 7. Yield: 1.0 g
(42.26%).

4 )
I NO,
NaNO,/DMF
—_—)
i o
BocHN O\K 3-4h BocHN \ﬁ
o) (0]
. (5) (6) y

3.3.7. Synthesis of Compound 7:

Compound 6 (100 mg, 0.31 mmol) was dissolved in 3 mL of dry THF under
nitrogen atmosphere under ice-cold condition. To this solution, propargyl glucose
pentaacetate (610 mg, 1.57 mmol) was added. After that, phenylisocynate (170
pL, 1.55 mmol) and triethylamine (215 uL, 1.55 mmol) was added in dropwise
manner to reaction mixture at 0°C. The progress of the reaction was monitored
by TLC. After completion of the reaction, the THF was evaporated and the crude
compound was purified using ethyl acetate and pet ether system through silica

gel column chromatography to obtain mixture of compound 7 and 8.

17
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3.3.8. Synthesis of nitroalkane tethered tetra peptide P1:

The peptide P1 was synthesised by solution phase condensation strategy. N-Boc

protected leucine was dissolve in DMF under nitrogen atmosphere under ice-cold

condition. To this solution, coupling reagents EDC.HCI and HOBt were added and
followed by the addition of DIPEA and stirred for about 15 min. After that methyl

ester of L-valine was added. Progress of reaction was monitored by TLC. After

the completion of reaction, 10% HCI and brine was added and the organic

compound was extracted with EtOAc (30 mL x 3), then followed by washing with
with 10% HCI solution (50 mL x 3),10% Na2COs solution (50 mL x 3) and then

brine solution (50 mL x 3) and dried over anhydrous Na2SOs4. The organic solvent

was evaporated under reduced pressure to obtain compound 9.

Compound 9 was

subjected to a

solution of

trifluoroacetic

acid and

dichloromethane respectively (1:1). Progress of reaction was checked by TLC and

after completion of reaction, solvent was evaporated several times with DCM to

remove excess TFA to obtain compound 10.

Then N-Boc protected alanine was dissolve in DMF under N2 atmosphere at O

°C. To this solution, coupling reagents EDC.HCI and HOBt were added and
followed by the addition of DIPEA and stirred for about 15 min. After that

18



compound 10 was added. Progress of reaction was monitored by TLC. After the
completion of reaction, 10% HCI and brine was added and the organic compound
was extracted with EtOAc (30 mL x 3), then followed by washing with 10% HCI
solution (50 mL x 3), 10% Na2COs solution (50 mL x 3) and then brine solution
(50 mL x 3) and dried over anhydrous Na.SOas. The combined organic layer was

evaporated under reduced pressure to obtain compound 11.

Compound 11 was hydrolyzed using 1IN NaOH in MeOH. Progress of the reaction
is checked by TLC and after completion of the reaction the solvent MeOH was
evaporated under reduced pressure. Then mixture was neutralized with10% HCI
and extracted with EtOAc (30 mL x 3), then followed by washing with brine
solution (50 ml x 3) and dried over anhydrous MgSOs4 and concentrated under

reduced pressure to obtain compound 12.

Compound 12 was dissolve in DMF under Nz atmosphere at 0 °C. To this
solution, coupling reagents EDC.HCI and HOBt were added and followed by the
addition of DIPEA and stirred for about 15 min. After that compound 12 was
added. Progress of reaction was monitored by TLC. After the completion of
reaction, 10% HCI and brine was added and the organic compound was extracted
with EtOAc (30 mL x 3), then followed by washing with 10% HCI solution (50
mL x 3) followed by 10% Na2COs solution (50 mL x 3) and then brine solution
(50 mL x 3) and dried over anhydrous MgSOs. The organic solvent was

evaporated under reduced pressure to obtain tetrapeptide P1.

19



EDC.HCI/HOBY/DIEA _— N o
OH o T oc e
BocHN + ciHyN ~ DMF, 12h 0 AL
o o]

Boc Ala-OH H
N
BOCHN \/u\ I( H,N N\-)Lo/

EDC HCI/HOBt/DIEA i
DMF, 12h 0 _~u

(1 1) (10)
+ 1N NaOH/MeOH

NO,

H\)c])\ OH EDC. HCI/HOBtlDIEA
BocHN Y N —+ o B HN N\)L \)L
H oc
(o] \r (o] CIH;N ~ DMF, 12h
o Y \L

(12) (P1)

Scheme 1. Synthetic scheme of nitro-alkane tetrapeptide P1

3.3.9. 1,3 Dipolar cycloaddition reaction on nitroalkane tethered tetrapeptide

P1:

Tetra peptide (100mg, 0.178mmol) was dissolve in 5 mL of dry THF at 0°C under

nitrogen atmosphere. To this solution, styrene (5 eq.), phenylisocynate (5 eqg.) and

trimethylamine (5eq.) were added respectively. The progress of the reaction was

monitored by TLC. After completion of reaction, solvent THF was evaporated and

by-product urea was filtered out using filter paper and evaporated under reduced

pressure. The crude compound was purified by Reverse Phase High Pressure

Liquid Chromatography (HPLC) using Cis column and MeOH/H20 as a solvent

system to obtain pure peptide P2. Same protocol has been utlized for the

synthesis of the other peptides (P3-P6)

20



.3.3.10. Synthesis of nitro alkane tethered hepta peptide on solid phase:
Synthesis of Fmoc-Nitro-OH:

Compound 6 (1 g, 3.14 mmol ) was dissolved in 10 mL of DCM. To this solution,
10 mL of TFA and 1 mL of water were added. After that the reaction mixture
was stirred for overnight. The progress of reaction was monitored by TLC. After
completion of reaction, reaction mixture was several times evaporated with DCM
to get gummy compound 13. Then compound 13 was dissolved in 15 mL of THF
and 25% Na2COs (15 mL) solution under ice-cold condition and stirred for another
10 min. After that, Fmoc-OSu (953 mg, 2.82 mmol) dissolve in 10 mL of THF
was added and reaction was allowed to stirred for 12 hr. After completion of
reaction, solvent THF was evaporated and aqueous solution was acidified with
10% HCI and extracted with EtOAc (30 mL x 3), then followed by washing with
brine solution (50 mL x 3) and dried over anhydrous MgSOs4 and evaporated
under reduced pressure to give gummy compound 14, which is purified by
column chromatography using ethyl acetate and pet ether as eluent to obtain
pure compound to get brown coloured solid compound which can be further

utilized to use in solid phase peptide synthesis.

4 N\
N02 N02 NOZ
TFA/H,0 Fmoc-OSu
o » OH 4 OH
BocHN \|< overnight N 25%Na;CO;  EmocHN
(o) Thr
(6) (13) (14)
. J

3.3.11 Synthesis of nitroalkane peptide S1 on solid support:

Synthesis of peptide was done by solid phase peptide synthesis protocol on rink
amide resin (0.2 mmol scale) using Fmoc-chemistry. Coupling reactions were

performed in NMP solvent and HBTU/HOBt as a coupling reagents and DIPEA

21



as a base. All Fmoc deprotections were performed in 20 % piperidine in DMF.
After performing all couplings, N-terminous of hepta peptide was deprotected
using 20 % piperidine in DMF and was coupled to isovaleric acid by using
HBTU/HOBt as a coupling reagent and DIPEA as a base to get peptideS1.

FmocNH—‘O

1. Resin swelling in DCM,
40min
2. Deprotection in
20% Piperidine in DMF,
20min
3. Washing with 3 times both with DMF & DCM

s 3

NH,

HBTU/HOBt,DIEA,NMP
1.5 hrs

¢1. Coupling of FmocNHLysOH,
2. Washing with DMF & DCM with 3 times both

NHBoc

H
N

FmocHN \O
(o]

7 Cycles of Deprotection,
Washing,
Coupling and Washing  NHBoc

ps
AR AN

NO,

1. 20% Piperidine in DMF
2. Final coupling of Isovaleric
acid,

HBTU/HOBt,DIEA,NMP

1.5 hrs
3. Washing with DMF & DCM

NHB
with 3 times both ¢

NG
JENCE N IUE RN
o 0 \L o] \( (o)

NO,

(S1)

Scheme 2: Solid phase peptide synthesis protocol of peptide S1.
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4. Results and Discussion:

4.1. Synthesis of nitroalkane amino acid:

Synthesis of nitroalkane amino acid was done

carboxylic acid group of pyroglutamic acid with tert-butoxycarbonyl and tert-butyl
ester respectively and then N-Boc protected pyroglutamic ester was subjected to
ester hydrolysis in THF using lithium hydroxide which led to opening of five
membered ring introducing carboxylic group in side chain. Then carboxylic acid

was converted to active ester using isobutyl chloroformate and then reduced to

alcohol

modified apple reaction protocol.

nitro alkane using sodium nitrite via Sn2 mechanism and purified via silica gel

column chromatography.

via protection of amine and

using sodium borohydride. The alcohol was converted to iodo using

Finally, the iodo compound was converted to

Vs

PPhs, Imidazole
-

BocHN °\|<
o

85%

(4)

I,ITHF

BocHN 2h

°w<

61 .48%

NaNOleMF
3-4h

NO,

0
BocHN/d; \K
N 42.2%

NaBH,

(Boc);0,ACN
OH —>
[o} N HCIO,, DMAP 12 h B
H o 0°c = rt 0°C ~ rt °c ©
Pyroglutamic acid 26 h 89.99% 76.31%
(1) (2)
LiOH,THF
1hr
| OH IBC-CI, Et;N O -OH

Dry THF,-15°C
-

BocHN O\K
0

86%

)

Scheme 3: Synthetic scheme of nitro
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Formation of nitro amino acid was done by * H NMR, ¥ C NMR and MALDI-

TOF shown in supplementary data.
4.2. Cycloaddition reaction on Nitro monomer:

Nitroalkane amino acid was subjected to cycloaddition with alkene having sugar
moiety using phenylisocynate, triethylamine as a reagent in ice cold condition
under N2 atmosphere.Triethylamine act as a base which abstracts the acidic
proton present next to nitro group lead to formation of urea and corresponding
isoxazoline product and purified via silica gel column chromatography. The
corresponding cycloaddition product had two isomers which were differentiated by
'H and '3C NMR techniques.

2048001 LERRATYIZ) 04D nmsTon~MNODONNTITITMMNODONNMMNOONOOOOOONNOPDPDNNNCS—SOOONWOWO
RmCPaLde](‘Q(\_I iNNNOCooCcooOoQCoooCoOMMOCoOCOQOoOO OO oMM MMEMM 1200
munmmnmmunmumunmunminmnimnmmnss Tt AdAdA—AAdHAA A~ = = = = —~ [
i ———— P ——t e o E——
-1100
~1000
AcOr
Ac0IXQ AcOaco
AcO AcO (©
AcO- ~900
o}
o]
Q q
N + N - 800

0. - 700
BocHN °\|< BocHN \|<
3 0
- 600
- 500
400
300

~200

100

~-100




- 6500

- 6000

- 5500
- 5000
- 4500
-4000
- 3500
- 3000
- 2500

- 2000
- 1500
- 1000

- 500

- -500

=

AcO
AcD-

|

sl

-10

200 190 180 170 160 150 140 130 120 110 100 9 B8O 70 60 50 40 30 20 10
f1 (ppm)

210

K=
o o
Y- z T-Z A
P.\u"n Ns/ o
/)00 o)
o w@Nloe
,
©z-00 iz T
HIA i i
['4
=
o
|
4
1]
n_w [}
T
{o° oo %§
Loz
N 28
2 EE
®'z-00 x =8
H.mA
14
‘z
i}

Scheme 4: Mechanism of nitrile oxide formation from nitroalkane.
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4.3. Cycloaddition reaction on tetra peptide Boc-Ala-Leu-Val-Nitro-OMe on

solution phase:

Synthesis of tetrapeptide was done by 1+2+1 methodology in solution phase using
EDC.HCI and HOBt as a coupling reagent and DIPEA as a base. Conformation
of tetra peptide was characterized by NMR and MALDI-TOF techniques.

p
o) o)
P REY
BocHN N o~

o Y (o] I
NO,
Y,

Then this tetrapeptide was subjected to cycloaddition with different types of
alkenes (disubstituted and mono substituted) using phenylisocynate, triethylamine
as a reagent in ice condition under N2 atmosphere. Side product Urea was
eliminated via silica gel column chromatography to remove urea and crude was
further purified via reverse phase High Pressure Liquid Chromatography to get
isoxazoline product. The corresponding cycloaddition product was characterized by
'H NMR and MALDI-TOF/TOF techniques.

We tried the cycloaddition reaction several different types of alkenes, for example
in case of cyclohexene, the yield of the reaction was almost negligible. Since the
reactivity of alkene are low compare to alkyne so the yield of these reactions are
low. As we know that attaching electron withdrawing group near to alkene
improves the reactivity of electrophile and improves the yield of reaction. So we
had taken the disubstituted and terminal alkenes having electron withdrawing
substituents like carbonyl, pyridine and performed the reaction which results in
yield in range of 20% to 30%. Then we tried the 1,3 dipolar cycloaddition
reaction with 4 different vinyl alkenes (styrene, vinyl pyridine, ethyl vinyl ketone
and ethyl vinyl ether) and one trans disubstituted alkene (fumerate), in all cases

reaction went with yield around 25% - 30%. There is a necessity to improve the
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reaction condition for nitrile oxide-alkene cycloaddition reaction in solution phase.
By the above protocol peptides (P1 — P6) were synthesized Scheme 5 and

characterized by 'H NMR and MALDI-TOF shown below.
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Scheme 5: Cycloaddition reaction of peptide P 1 with different alkene substrates
on solution phase.
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IH NMR spectra of peptides P2-P6
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4.4, Cycloaddition reaction of hepta peptide S1 on solid support:

Synthesis of hepta peptide was done in solid phase peptide synthesizer using rink
amide resin. Couplings were performed using HBTU/HOBt as coupling reagents in
NMP solvent. 20% piperidine in DMF was used to deprotect Fmoc group and

washing were done in DCM and DMF solvents.

Resin bound peptide Slwas suspended in dry THF at 0 °C under N2 atmosphere.
To this suspension solution styrene (5eq), phenylisocynate (5eq) and triethylamine
were added. After completion of reaction urea was removed by washing with
MeOH in sintered funnel and resin was collected and resin cleavage was
performed under cocktail mixture consisting of 95 % TFA, 2.5 % H20 and 2.5 %
triisopropylsilane and cycloaddition product S2 was purified on Cis column in RP-
HPLC and characterized by MALDI-TOF/TOF.

Peptides S3 and S4 were synthesized by using similar protocol using and purified

using fumerate and ethyl vinyl ketone as alkene. In contrast to solution phase
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significant improvement in the yields were observed in 1,3-dipolar cycloaddition on

solid support.
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Scheme 6: Cycloaddition reaction of peptide S1 with different alkenes on solid

support.
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5. Conclusion

We had demonstrated 1,3-dipolar cycloaddition reactions between alkenes and in
situ generated nitrile oxide from nitro-alkane amino acid and peptides. We
successfully showed that incorporating this nitro-alkane amino acid in peptide
sequence and then performing cycloaddition reaction leads to cyclized isoxazoline
product in both solution and solid support. We showed that terminal alkene (vinyl)
can easily undergo cycloaddition reactions with nitroalkanes tethered peptides
compared to the disubstituted alkenes. Since alkenes are not as reactive as
alkynes so yields of the cycloaddition reactions were found to be less and there
IS a necessity to improve reaction conditions to improve the yields. Nevertheless,
it is important to note that 1,3-dipolar cycloaddition reaction between azide and
alkene is not feasible and it is possible in nitrile oxide case. In comparison, better
yields were obtained on solid support reactions than solution method. The main
problem in solution method is the separation of urea byproduct. We are making
efforts to improve the yields of this important nitrile oxide-alkene cycloaddition and
its orthogonality with other 1,3-dipolar cycloaddition reactions. Overall, there is a
great scope for this nitroalkane mediated nitrile oxide -alkene cycloaddition

reactions for peptide conjugations.
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IH NMR and 3Cof Spectra of Compound 6

7. Supplementary Data
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MALDI/TOF Spectra of

Compond 6 and Peptides

P1-P6 and S2-S4
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