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ABSTRACT

Poly (N-bromoacrylamide) with electrophilic bromine are introduced as polymeric catalyst for efficient and
regioselective conversion of epoxides to azidohydrins, cyanohydrins, nitrohydrins and nitratohydrins in good to
excellent yields under mild reaction conditions. The advantages of these reagents over some of those reported in the
literature are easy work-up procedure, reusability of the catalyst, clean and neutral reaction conditions.

Keywords: functionalized polymer; epoxidei-azido alcoholsB-cyanoalcohols p-nitro alcohols and3-nitrato
alcohols.

INTRODUCTION

Epoxides are important and versatile syntheticrinégliates in organic synthesis and their reactvaitts variety of
reagents such as nucleophiles, electrophiles, megliegents, acids, bases, and some oxidizing ageatsvidely
studied.[1] These compound can be opened underietywaf conditions, although the most practicatl amidely
employed strategy for the synthesis of 1,2- bifiomal compounds is via nucleophilic ring-openingngsa strong
base or a Lewis acid.[2] Under the reported cooddj these reactions have restricted applicalaltity suffer from
weakness such as high acidity, the non-catalytiuraeof the reagents, long reaction times, andafismhydrous
organic solvents, moisture sensitive and hazardeagents, inconvenient handling procedures andyields.[3]
Also In most of the epoxide ring opening reactiamgler acidic conditions, the formation of a mixtué
regioisomers and polymerization is observed. [4]JBw of these limitations, the introductions of nevethods for
the nucleophilic ring-opening of epoxides, whichrlvander mild conditions, are still in request ad significant
in synthetic of organic chemistry.

Functional polymers are macromolecules have thenpiel advantages of small molecules with the sametional
groups. The most important advantage in using setipolymer as a reagent or a catalyst is the diogilon of
product work-up, separation, and isolation. Inbiity, physical stability, compatibility with a wie range of
solvents including water, is the most advantagethisfkind of material [5]. Among polymer supportezhgents,
polymers incorporated with reactive electrophiladgen such as Pol\W{bromo benzene- 1,3- sulfonamide) ,[6]
poly (N-bromomaleimide),[7] polyN-bromoacrylamide)[8] poly(4-vinylpyridine) suppodtéodine [9] have been
extensive growth in the application of as reagentsatalyst in organic synthesis.
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Poly (N-bromoacrylamide) (PNBA) as heterogeneous polymmex stable solid compound with high activity. This
polymer supported counterparts are highly air stalpld can be kept for months without any losssiradtivity and
can be handed easily and also it can prepareditptargly by the reaction of polyacrylamide with IKBnd Oxone
as oxiadating agent in water.[8]

It would seem, there has been no report in theatisee on the use of polymeric catalyst with supgmbelectrophilic
bromine for the ring opening of epoxides. Here,reort a very simple and efficient method for thgioselective
ring opening of epoxides with PNBA in high yieldader aqueous condition. Small negatively chargea ike
azide, cyanide, nitrite and nitrate are acceptedtiérring opening reaction by this polymeric cattin water. In this
way somep-Azidoalcohols, B-Cyanoalcohols p-Nitroalcohols andp-Nitratoalcohol were prepared in good to
excellent yield in mild reaction condition. (Schefrje

Ry R, PNBA(Cat) Ri Re

W —_—
NaX, r.t

o}
X: N3, CN, NO,, NO3

X OH

Scheme 1
MATERIALSAND METHODS

All chemicals were supplied by either Merck or Fluk he progress of the reactions was followed Witle, using
silica gel SILG-UV 254 plates. Silica gel 60 wagddor column chromatography. The identities ofdurcis were
determined by comparison of their physical and spkdata with those reported in the literature-IRTspectra
were recorded on a Shimadzu DR-8001 spectromet®iR Npectra were recorded on a BruckerAvance DPX
250MHz instrument.

General procedurefor nucleophilic addition to epoxide

To a stirred suspension of PNBA (0.1 gr, 0.5 mnaolji oxirane (1 mmol) in 40 (5 ml) was added nucleophile
(NaN; NaCN, NaNQ, NaNG;) (2 mmol) in HO (3 ml) slowly at room temperature. The reactioixtare was
stirred for the appropriate times (Tables 2-4).eAftompletion of reaction, the mixture was filtchte remove the
catalyst. CHCl, was added and the organic phase was washed viriga (0 mL) and water (2 x10 mL) and the
filtrate was dried over anhydrous J$©,. After evaporation of the solvent on a rotary ewaypor, the pure product
was collected. The characterization of products pexformed by comparison of their IBJ-NMR, *C-NMR, and
physical data with those of authentic samples.

Some spectra data

Azido-3-phenoxy-propan-2-ol :IR (CCl4),vmax (cm-1): 3400 (br), 2960 (s), 2950 (s), 2150 1680 (s), 1520 (s),
1500 (s), 1480 (m), 1320 (m), 1260 (s), 1120 (A (m), 780 (s), 720 (m). 1H-NMR (CDCI8)ppm): 7.3-7.4
(2H, m), 6.9-7.0 (3H, m), 4.2 (1H, m), 4.0 (2H, MB)5 (2H, m), 2.9 (1H, d). 13C-NMR (CCI8)(ppm): 159.1,
130.1, 122.1, 115.1, 69.8, 69.7, 54.0.

3-Hydr oxy-4-phenoxybutyronitrile : IR (CCl4),vmax (cm-1): 3400 (br), 3000 (s), 2960 (s), 2950, (2400 (m),
1680 (s), 1600 (s), 1500 (s), 1430 (m), 1210 (8Y,01(s), 950 (m), 680 (s).1H-NMR (CCl&)ppm): 7.4-7.5 (2H,
m), 7.0-7.2 (3H, m), 4.5 (1H, m), 4.2 (2H, m), 814, d), 2.9 (2H, m).13C-NMR (CDCI3)(ppm): 158.2, 130.0,
122.1,114.9,70.1, 66.7, 22.9.

1-Nitro-3-phenoxy-propan-2-olIR (CCl4),vmax (cm-1): 3370 (br), 2950 (m), 2900 (w), 2380,(00 (s), 1570
(s), 1500 (s), 1475 (m), 1250 (s), 1120 (m), 106D 720 (m).

1H-NMR (CDCI3)§ (ppm): 7.2-7.3 (2H, m), 6.9-7.0 (3H, m), 4.1 (3H), 3.8 (2H, m), 2.7 (1H, br).13C-NMR
(CCI4)5 (ppm): 130.0, 121.7, 115.1, 70.9, 69.6, 64.2.

1-Nitrooxy-3-phenoxy-propan-2-0olNO3= IR (CCl4),vmax (cm-1): 3370 (br), 2950 (m), 2900 (w), 2380,(®§00
(s), 1570 (s), 1500 (s), 1475 (m), 1250 (s), 18P 060 (m), 720 (m). 1H-NMR (CDCI3)(ppm): 7.2-7.3 (2H,
m), 6.9-7.0 (3H, m), 4.1 (3H, m), 3.8 (2H, m), ZIH, br).13C-NMR (CCIl4} (ppm): 130.0, 121.7, 115.1, 70.9,
69.6, 64.2.
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RESULTSAND DISCUSSION

Preparation of B-Azidoalcohols by PNBA as catalyst in water

Since theB-amino alcohols are very important in both orgaai medical chemistry[10], and they serve as
precursors in the synthesis fpaminoalcohols, amino sugars and carbocyclic nsalies.[11] The ring cleavage of
epoxides with azide[12] and nitro compounds [13pras usual synthetic routes pamino alcohols. The ring
cleavage reaction of epoxides with azide compowandwften carried out under either alkaline or i@odnditions
and several different methods have been deviseddier to obtain the direct azidolysis of epoxideshe presence
of sodium azide[14]. Preparations of these compsuralally need high temperatures and/or long i@adimes,
and as side reactions, isomerizations, epimerizaiod rearrangements may be induced by alkalindittons of
the reactions with alkali azides in these systems.

Due to the importance of the direct synthesig-aZido alcohol from epoxides the ring-opening rieacof various
epoxides with sodium azide and PNBA was studied.

Figure 1 showed IR spectrum of PNBA. Reactions iffeint aliphatic and cyclic epoxides includingosie
electron-withdrawing substituents were performediater at room temperature.

30000 20000
Testscan Shirnadzu FTIR. 2000 series

Figure 1: IR spectrum of cross-linked poly (N-bromoacrylamide)

The effects of solvent and molar ratio of the padyran the ring opening reaction of epoxides wevestigated. As
a typical example, the reaction of phenyl glycidsther (1 mmol ) was tested with a mixture of PNEX5(mmol)
and NaN (1 mmol) in different solvent.(Table 1). The expeental results showed that acetonitrile can atsoaded
as a solvent in this reaction; however, becausts obxicity, cost and environmental problems, watas preferred
as the most suitable solvent. After 2 h the conepteinversion was achieved at water in room temperab afford
1-azido-3-phenoxy-2-propanol in 100% conversation.

Table 1: The effect of the solvent on the reaction of phenyl glycidyl ether with NaN; using PNBA as catalyst (The molar ratio of the
polymeric catalyst to styrene oxide was 0.5:1mmol)

Entry | Solvent| Time (h)) Conversion (%)
1 THF 5h 20
2 CHCE 5h 10
3 CHCl; 5h 5
4 EtOAc 5h 80
5 CHCN 3h 100
6 HO 2h 100

Because of the predominant attack of azide iorherdss hindered carbon of the epoxide, all thmiteal epoxides
gave highly regioselectiveazidohydrins in quantiatyields. The results obtained for the ring opgnof different
substituted epoxides with PNBA are shown in TaBles
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Table 2: Reaction of epoxideswith NaN3 in water catalyzedby PNBA

Entry Substrate Product Time Yield (%)
N3
o (@] O
1 ©/ ©/ OH 1h 92
N3

OH
O
2 O/Q OH 50 min 90(10)
o OCH
3 o< Jtﬂ/o\)\/ N3 1h 90
(@)

®)
o o CH
4 >/ ~——<] >/o\/K/ Na 1h 95
N3
5 (e} 2h 100
CH
(a) All reaction was carried out at room temperature. the molar ratio of PNBA to epoxide was 0.5:1 (b) GC Yield

Table 3: Reaction of Epoxideswith NaCN in the Presence of PNBA

Entry Substrate Product Time Yield (@8)

CN
OMA 0 O\/<\
1 ©/ ©/ OH 1.5h 92

30 min 90(10)

| | ooy
O gRe

@)

C
OH
H
CN
o OH
3 o< JJ\H/O\/I\/CN 1h 85(10)
OH

(@)
4 >/O\/<(l) >/O\/K/CN 1h 70(25)
CN

5 (o) 2h 100
OH

(a) Reactions were carried out at room temperature. (b) Products were identified by comparison of their IR and NMR
spectra and/or physical data with the authentic samples.(c) Yield refersto isolated product.

Functional groups such as simple esters (TablenfyE) are stable under the reaction conditiorsiaose this
reaction is essentially allowed to be completedhatit any transesterification reaction.

As an advantage, the spent polymeric catalyst earegenerated and reused several times withoueeippie lose
in its capacity and efficiency.

Obviously, in these reactions, the attack appeaatsetlargely at the primary carbon atom of the éxing and
this is probably dictated by steric and electrdaictors. Except for the reaction of styrene oxighich produced
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some of the other regioisomer (Table 2, entry 2y a&de product, the reaction of other epoxides fwand to be
highly regioselective and only one isomer was oietdi

Preparation of p-cyano alcohol

In continuation of our work,we decided to study they opening reaction of epoxides with the NaCNviter with
PNBA as catalyst. Among these nucleophiles cyarsdmarticularly interesting because of its synthetrsatility.
Since a nitrile group can be transformed into amagramide, carboxy, or carbonyl group.

The effects of solvent and molar ratio of the patyron the ring opening reaction of epoxides wexestigated.
The experimental results showed that water wasrtbst suitable solvent. The optimum molar ratio &fBA to
substrate was found to be 0.5:1 mmol .

The reaction of different epoxides with sodium dganwas performed effectively and in high yieldsiater (Table
3).

Table 4:Reaction of epoxideswith NaNO, and NaNOj in the presence of PNBA

Entry Substrate Major Product Time Yield @%)

OH

O\/A
o g e
o o e

) NO,
3 ©/<l ©)\/OH 1.5h 80(10)
) NO;
4 ©/<1 OH 1.5h 82(5)
o OH
5 o< O\/I\/ NO 2h 80
= = OH
(@]
6 JJ\H/O\/Q O\/I\/ NO3 2h 85
O (@)
o OH
7 >/O >/o\/K/ NO, 2h 92
o OH
8 >/O >/o\/K/ NO; 2h 91
—_ o OH |
9 O\/Q &O\)\/ NO, 100min 90
0o OH

10 %\/O\/Q &O\J\/ NO, 100min 92

() (Lo
11 @) 1.5h 108
OH
() (L
o) 1.5h 100
OH

(a) Reactions were carried out at room temperatureR@jucts were identified by comparison of theimaiiti NMR
spectra and/or physical data with the authentigdesn(c) Yield refers to isolated product. (d) @€ld

12
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Preparation of B- nitroalcohols and p-nitratoalcohols by PNBA:

Nitrate containing organic compounds have usefpliegtions in organic synthesis. They are usefagents for the
preparation of important class of nitratecompoufids through their reaction with carbanions. Imtoue of
above research, the ring opening of various epexidas achieved under mild conditions using PNBf:njtro
alcohols andg-nitrato alcohol, were efficiently obtained frometborresponding epoxide(lmmol) using NaN®
NaNQO, (2 mmol) nucleophile in present of PNBA(0.5 mmat) catalyst in water at room temperature. The tesul
are shown in Table 4.

Reactions in water often proceed faster than immigsolvents even if one or more reagents andugtedseem to
be insoluble.

Except for the reaction of styrene oxide (entryafiyl which produce a small percentage of the o#tgipisomer,
the reaction of other epoxides were found to béliigegioselective and only one isomer was obtai@aliously,

in these reactions, the attack appears to be larijatot entirely, at the primary carbon atom bétepoxide ring.
The direction of ring opening is that charactecaity observed for reactions of monoalkyl-subsétltepoxides
under SN conditions and is probably dictated by steric algttronic factors. In the reaction with styrenédexthe
anion ion attacks exclusively at the secondary araratom of the epoxide ring, a fact, this is reasby well

established. Electrophilic bromine in PNBA can sensitive epoxide to ring opening by nucleophifeall of case
the used polymeric catalyst can be recycle ancetbseveral times without any decrease in theittiregc

CONCLUSION

In conclusion, the use of PNBA as catalyst in agsesmlutions provides excellent conditions forring opening of
epoxides with different anionic nucleophiles. Tlsence of organic solvent, simplicity in operatimtrease of the
yields of the products, acceleration of the reacticates and high regioselectivity of the reactiaresstrong points
of performing these reactions in water.

Another convenient aspect of the present procedutke use of easily available and very cheap sodialts of
nucleophiles instead of costly and usually hygrpszquaternary ammonium salts.

The polymeric catalysts were very stable at roompirature and could be recycled and reused foraetimes
and also this polymeric catalyst could be stored &&nch top catalyst for months without approprigttange in
their reactivity.
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