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Iodine-Catalyzed Three-Component Reaction: A Rapid Synthesis of a-Alkoxy

Azides and Homoallyl Ethers
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Abstract: Iodine is found to be an efficient catalyst for the three-
component coupling of aldehydes, alcohols, and TMSN; under mild
and neutral conditions to provide a-alkoxy azides in good yields and
with high selectivity. Allyltrimethylsilane also reacts rapidly with
aldehydes in the presence of alcohols to produce homoallyl ethers
under similar conditions. The use of iodine makes this procedure
simple, convenient and cost-effective.
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Multicomponent reactions have attracted considerable at-
tention because of their wide range of applications in
pharmaceutical chemistry for production of structural
scaffolds and combinatorial libraries for drug discovery.!
Organic azides are versatile building blocks for the syn-
thesis of natural products and nitrogen containing hetero-
cycles such as triazoles, tetrazoles, and isocyanates of
pharmacological relevance.” Recently, they have been
popularized due to their pivotal role in the emerging field
of click chemistry.? Thus, the introduction of azido func-
tionality in an organic molecule is a challenging task to
the synthetic chemists. As a result, several methods have
been reported for the introduction of the azide group.? Tri-
methylsilyl azide has been frequently employed for this
purpose because of its handy property.* Consequently,
there have been some reports on the reactivity of trimeth-
ylsilyl azide>® or hydrazoic acid’® toward carbonyl com-
pounds using ZnCl,, FeCl;, SnCl,, and TiCl,. However,
many of these methods are limited to aliphatic aldehydes.
Furthermore, a-siloxy azides derived from aldehydes
were found to be unstable and difficult to isolate in pure
form.>* Subsequently, new catalytic systems are being
continuously explored in search of improved efficiencies
and cost effectiveness.® Since organic azides are useful
and important in the field of click chemistry, the develop-
ment of simple, convenient and one-pot procedures is de-

sirable. Recently, molecular iodine has received
considerable attention as an inexpensive, nontoxic, readi-
ly available catalyst for various organic transformations;
affording the corresponding products with high selectivity
in excellent yields.” The mild Lewis acidity associated
with iodine enhanced its usage in organic synthesis to per-
form several organic transformations using stoichiometric
to catalytic amounts. Owing to the advantages associated
with this eco-friendly catalyst, molecular iodine has been
explored as a powerful reagent for several organic trans-
formations.!”

In continuation of our interest on the catalytic application
of molecular iodine for various organic transformations, !
we herein report a direct and metal free approach for the
one-pot preparation of a range of a-alkoxy azides and ho-
moallyl ethers including benzyl, allyl, and propargyl
ethers, which are the most important and popular protect-
ing groups for the hydroxy function. While working on
the termination of Prins cyclization with TMSN;, surpris-
ingly, we observed the formation of a-homoallyloxy
azides. This provided incentive for an extensive study.
First, we attempted a three-component coupling (3 CC) of
cyclohexanecarboxaldehyde, TMSNj;, and homoallyl al-
cohol under the influence of 10 mol% of molecular iodine.
The 3 CC reaction proceeded rapidly at 23 °C under neu-
tral conditions and the desired product, [azido(but-3-enyl-
oxy)methyl]cyclohexane (3a) was obtained in 79% yield
(Scheme 1, Table 1, entry a). Similarly, various substrates
such as primary and secondary alcohols participated in
this reaction to provide a wide range of a-alkoxy azides
(Table 1, entries b—j).

Aromatic aldehydes are also effective for this conversion
(Table 1, entries b and c). In the case of aliphatic alde-
hydes, the corresponding a-alkoxy azides were obtained
in good yields in short reaction times. Next, we examined
the reactivity of allyltrimethylsilane towards the in situ
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formed acetals from aldehydes and alcohols. Interesting-  presence of allyl alcohol under the influence of 10 mol%
ly, both aromatic and aliphatic aldehydes participated in of molecular iodine afforded 2-[1-allyloxy)but-3-
this reaction (Table 1, entries k—s). Accordingly, treat- enyl]naphthalene (31) in 75% yield (Scheme 2).

ment of 2-naphthaldehyde with allyltrimethylsilane in the

Table 1 Iodine-Catalyzed a-Alkoxy Azides and Homoallyl Ethers via Three-Component Reaction

K CHO %
Ph/\OH (j /\/Si\— RN
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Entry Alcohol Aldehyde Nucleophile Product® Time Yield
(min) (%)
CHO 0N
a o O/ TMSN, O/KNS 5 79
CHO 0" >ph
b o™~ on ©/ TMSN, ©/st 0 7
CHO o >ph
. o TMSN, “)\! I " 10 70
N
d cHo TMSN i 10 73
/\/\OH O/ 3 O/st
/\/
. o ©/\CHO TMSN, @\/i 15 75
N3
N
f ASOH A~~~ CHO  TMSN; /\/\/\/\)O\ 10 72
N3
OH
g CHO TMSN, 15 70
AL
N3
OH
CHO
h ©/\/ TMSN, o 15 71
©/\)\ N3
=
i _~_OH NN TMSN, 07N 20 74
/\/\/st
OoH
j O/ ©/\ cHO TMSN, @\/OCO 15 75
N3
o >Ph
15 80

Downloaded by: The University of Hong Kong. Copyrighted material.



PAPER

Synthesis of a-Alkoxy Azides by a Three-Component Reaction 965

Table 1 Iodine-Catalyzed a-Alkoxy Azides and Homoallyl Ethers via Three-Component Reaction (continued)

Entry Alcohol Aldehyde

Nucleophile

Product® Time Yield
(min) (%)

1 /\/OH

OH

e

V
N o
/ 0/@7 20 70
N A

20 75

CHO S
n 15 72
Z o /@( S N
Br
Br
PN
CHO o Ph
o Lo /©/ S § 15 80
Br
Br
OH
CHO Y
- o 15 75
’ /©/ = \/SI\
Br RN
Br
SR
CHO p Q A
q /\/\OH /©/ /\/SI— N 15 78
Br
Br
A~
r N N NG s'/_ Q Fh 10 70
P oA CHO AN /\/\/K/\
AN
=
CHO O/\/
) 20 76
S /\/OH Ej /\/SI— A

2 The products were characterized by 'H, 13C NMR, IR, and mass spectrometry.

® Yields refer to pure products after chromatography.

In the case of sterically hindered alcohols, the desired
products were obtained in good yields (Table 1, entries g,
h, m, and p) as well. However, no reaction was observed
in the absence of iodine even after a long reaction time (12
h). Furthermore, the use of allyltributylstannane in place
of allyltrimethylsilane did not yield the desired product
under these reaction conditions, perhaps because iodine
does not interact with allyltributyltin. Thus, the combina-
tion of allyltrimethylsilane and iodine could be the meth-
od of choice for this conversion. Interestingly, a catalytic
amount of TMSI was also found to be an equally effective
catalyst for this conversion. As solvent, dichloromethane
appeared to give the best results. In all cases, the reactions

proceeded rapidly at room temperature under mild condi-
tions. The scope and generality of this process is illustrat-
ed in Table 1. A possible reaction mechanism is depicted
in Scheme 3.

In summary, molecular iodine has proved to be a useful
and novel catalyst for the one-pot synthesis of a-alkoxy
azides and homoallyl ethers in good yields in short reac-
tion times from aldehydes, alcohols, and TMSN,/allyltri-
methylsilane, respectively, under mild conditions. This
method is simple, convenient and the reaction conditions
are amenable to scale-up. It is a direct method for the con-
version of aldehydes into the corresponding a-alkoxy
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Scheme 3 A plausible reaction mechanism for the reported three-component reaction

azides and homoallyl ethers using a catalytic amount of
iodine in a single step.

Melting points were recorded on a Biichi R-535 apparatus and are
uncorrected. IR spectra were recorded on a Perkin-Elmer FT-IR
240-c spectrophotometer using KBr optics. 'H NMR and *C spec-
tra were recorded on Gemini-200 spectrometer in CDCl; using
TMS as internal standard. Mass spectra were recorded on a Finni-
gan MAT 1020 mass spectrometer operating at 70 eV. Column
chromatography was performed using E. Merck 60—120 mesh silica
gel.

Three-Component Coupling of Aldehydes, Alcohols, and
TMSN,/Allyltrimethylsilane; General Procedure

A mixture of aldehyde (1 mmol), alcohol (1 mmol), TMSN; or al-
lyltrimethylsilane (1.2 mmol) and I, (10 mol%) in CH,Cl, (5 mL)
was stirred at 23 °C for the specified amount of time (Table 1). Af-
ter completion of the reaction as indicated by TLC, the mixture was
quenched with H,O (10 mL) and extracted with CH,Cl, (2 x 10
mL). The combined organic layers were washed with aq Na,S,0;
(10 mL), brine (10 mL), and dried (Na,SO,). Removal of the solvent
followed by purification on silica gel (EtOAc—hexane, 0.5:9.5) gave
the pure a-alkoxy azide or homoallyl ether. The products thus ob-
tained were characterized by IR, NMR, and mass spectroscopy. The
spectral data of homoallyl ethers were found to be consistent with
authentic samples.!?> The spectral data for new products are listed
below.

[Azido(butoxy)methyl]cyclohexane (3d)

Liquid.

IR (neat): 2930, 2857, 2103, 1629, 1451, 1344, 1238, 1110, 969,
864, 756 cm™'.

'H NMR (200 MHz, CDCl,): § = 3.97 (d, J = 6.7 Hz, 1 H), 3.30-
3.78 (m, 2 H), 0.98-1.83 (m, 15 H), 0.85-0.92 (t, J = 7.4 Hz, 3 H).

13C NMR (75 MHz, CDCl,): § = 97.0, 69.5, 42.8, 31.6, 31.4, 28.1,
26.2,25.7,25.6,19.2, 13.7.

LCMS: m/z =184 ((M + H - N,]").
1-[2-(Allyloxy)-2-azidoethyl]benzene (3e)

Liquid.

IR (neat): 3447, 3029, 2924, 2855, 2107, 1635, 1494, 1455, 1380,
1221, 1083, 1020, 764, 699, 545 cm™.

"HNMR (300 MHz, CDCl5): 8 =7.19-7.33 (m, 5 H), 5.70-5.89 (m,
1 H), 5.13-5.27 (m, 2 H), 4.51 (t, /= 5.8 Hz, 1 H), 4.19-4.30 (m, 1
H), 3.95-4.07 (m, 1 H), 2.92-3.12 (m, 2 H).

LCMS: m/z = 176 (IM + H— N, ])*.

Synthesis 2009, No. 6, 963-968 © Thieme Stuttgart - New York

1-Azido-1-(pentyloxy)decane (3f)

Liquid.

IR (neat): 3446, 2955, 2926, 2857, 2104, 1463, 1369, 1219, 1099,
862,755 cm™.

"H NMR (300 MHz, CDCls): § = 4.25 (t, J = 6.0 Hz, 1 H), 3.75—
3.83 (m, 1 H), 3.39-3.47 (m, 1 H), 1.64-1.78 (m, 2 H), 1.25-1.52
(m, 20 H), 0.87-0.95 (m, 6 H).

13C NMR (75 MHz, CDCl,): § = 92.9, 67.7, 38.2, 34.6, 31.8, 29.4,
29.3,29.2,29.1,24.7,22.6, 22.5, 14.1, 14.0.

LCMS: m/z =242 (IM + H — N,]%).

(1-Azido-2-phenylethoxy)cyclododecane (3g)

Liquid.

IR (neat): 3451, 3029, 2932, 2857, 2104, 1603, 1494, 1468, 1447,
1345, 1222, 1090, 996, 962, 873, 745, 697, 573 cm™.

'H NMR (300 MHz, CDCL,): & = 7.16-7.30 (m, 5 H), 4.46 (1,
J =58 Hz, 1 H), 3.62-3.73 (m, 1 H), 2.98 (d, J = 5.0 Hz, 2 H),
1.15-1.71 (m, 22 H).

BC NMR (75 MHz, CDCLy): § = 136.0, 129.5, 128.3, 126.8, 91.2,
76.5,41.6,29.7, 29.6, 28.6, 24.3, 23.9, 23.5,23.4, 22.9,22.7, 21.0,
20.1.

LCMS: m/z =302 (IM + H— N,])*.

(1-Azido-3-phenylpropoxy)cyclododecane (3h)

Liquid.

IR (neat): 2932, 2857, 2102, 1602, 1516, 1448, 1384, 1216, 1096,
1018, 877, 810, 745, 697, 669 cm™.

'H NMR (200 MHz, CDCL,): & = 7.12-7.27 (m, 5 H), 4.31 (1,
J = 6.0Hz, 1 H),3.70-3.78 (m, 1 H), 2.61-2.79 (m, 2 H), 1.99-2.07
(m, 2 H), 1.25-1.73 (m, 22 H).

13C NMR (50 MHz, CDCl,): § = 140.8, 128.5, 128.3, 126.0, 89.9,
76.1,36.4,31.0,29.7,28.9, 244,243, 23.9, 23.6, 23.5, 22.8, 22.7,
21.1,20.4.

LCMS: m/z =316 (IM + H - N,]%).

1-(Allyloxy)-1-azidohexane (3i)

Liquid.

IR (neat): 3423, 2954, 2930, 2864, 2106, 1631, 1526, 1462, 1378,
1239, 1146, 1024, 908, 729, 686 cm™'.

'H NMR (300 MHz, CDCL,): § = 5.81-5.94 (m, 1 H), 5.19-5.34 (m,
2H),4.32 (t,J = 6.0 Hz, 1 H), 4.22-4.28 (m, 1 H), 3.98-4.05 (m, 1
H), 1.68-1.78 (m, 2 H), 1.28-1.43 (m, 6 H), 0.91 (t, J = 6.8 Hz, 3
H).

LCMS: m/z =156 (M + H—-N,]*").
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1-[2-Azido-2-(cyclohexyloxy)ethyl]benzene (3j)

Liquid.

IR (neat): 3446, 3029, 2931, 2856, 2105, 1451, 1354, 1223, 1093,
965, 873, 747, 698 cm™!.

'H NMR (300 MHz, CDCLy): & = 7.21-7.32 (m, 5 H), 4.53 (t,
J =5.3Hz, 1 H),3.49-3.58 (m, 1 H), 2.95-3.07 (m, 2 H), 1.15-1.96
(m, 10 H).

13C NMR (75 MHz, CDCl,): § = 136.1, 129.6, 128.3, 126.8, 90.9,
76.9,41.8,33.1,31.3, 25.5, 23.9, 23.6.

LCMS: m/z (%): 232 (IM + H — NT*).

2-[1-(Allyloxy)but-3-enyllnaphthalene (31)

Liquid.

IR (neat): 3450, 3058, 3014, 2924, 2854, 1640, 1508, 1425, 1366,
1322,1271, 1125, 1080, 994, 917, 856, 819, 747, 663, 572,478 cm™.

'HNMR (300 MHz, CDCL,): § = 7.75-7.82 (m, 3 H), 7.66 (s, 1 H),
7.40-7.48 (m, 3 H), 5.66-5.97 (m, 2 H), 4.95-5.27 (m, 4 H), 4.45 (t,
J = 6.6 Hz, 1 H), 3.71-3.99 (m, 2 H), 2.38-2.73 (m, 2 H).

13C NMR (75 MHz, CDCL,): § = 145.2, 139.3, 134.9, 134.7, 133.2,

133.1, 128.2, 127.8, 127.7, 126.1, 125.9, 124.6, 117.0, 116.8, 81.3,
69.5, 42.6.

LCMS: m/z =239 (M + HJ).

2-[1-(Adamantanyloxy)but-3-enylJnaphthalene (3m)

Liquid.

IR (neat): 3069, 2903, 2851, 2665, 1639, 1600, 1505, 1448, 1319,
1100, 1079, 1022, 913, 818, 745 cm™".

'H NMR (200 MHz, CDCl,): & = 7.38-7.87 (m, 7 H), 5.73-5.98 (m,
1 H), 4.96-5.12 (m, 2 H), 4.48-4.58 (m, 1 H), 3.31-3.36 (m, 1 H),
2.32-2.67 (m, 2 H), 0.84-2.20 (m, 14 H).

13C NMR (75 MHz, CDCl,): § = 140.8, 135.6, 132.9, 128.0, 127.8,
127.6, 125.8, 125.5, 125.4, 124.7, 116.5, 78.7, 78.3, 43.3, 37.6,
36.6, 36.3, 33.4,31.8,31.6,30.4, 27.5, 27 4.

LCMS: m/z =333 (M + HJ).

1-Bromo-4-[1-(prop-2-ynyloxy)but-3-enyl]benzene (3n)

Liquid.

IR (neat): 3433, 3298, 3076, 2923, 2854, 1639, 1590, 1484, 1441,
1407, 1343, 1297, 1078, 1009, 918, 823, 777, 670, 633, 538 cm'.
'H NMR (300 MHz, CDCl,): § = 7.45 (d, J = 8.6 Hz, 2 H), 7.16 (d,
J =8.6 Hz, 2 H), 5.59-5.81 (m, 1 H), 4.96-5.08 (m, 2 H), 4.49 (t,
J=6.2Hz,1H),4.09 (dd, J=2.3,13.3Hz, 1 H), 3.80 (dd, J = 2.3,
13.3 Hz, 1 H), 2.35-2.64 (m, 2 H), 2.32 (t, J = 2.3 Hz, 1 H).

13C NMR (75 MHz, CDCl5): § = 139.6, 133.9, 131.6, 128.7, 121.7,
113.4,79.7,79.5,74.4, 55.6, 41.9.

LCMS: m/z =266 (M + H]*).
1-Bromo-4-[1-(benzyloxy)but-3-enyl]benzene (30)

Liquid.

IR (neat): 3069, 3029, 2860, 1641, 1590, 1486, 1453, 1389, 1339,
1071, 1008, 916, 822, 737, 696 cm™".

"HNMR (200 MHz, CDCl,): 8 =7.16-7.49 (m, 9 H), 5.62-5.83 (m,
1 H), 4.96-5.04 (m, 2 H), 4.19-4.46 (m, 3 H), 2.29-2.64 (m, 2 H).

13C NMR (75 MHz, CDCl,): § = 140.7, 138.0, 134.1, 131.4, 128.4,
128.2,127.5,127.4,121.2, 117.1, 80.3,70.3, 42.3.

LCMS: m/z =318 (IM + HJ).

1-[1-(4-Bromophenyl)but-3-enyloxy]cyclododecane (3p)
Liquid.

IR (neat): 3075, 2934, 2859, 1641, 1590, 1470, 1444, 1407, 1339,
1296, 1073, 1008, 914, 822, 778, 719, 641, 541 cm™".

'H NMR (300 MHz, CDCLy): § =7.42 (d, J = 8.7 Hz, 2 H), 7.16 (d,
J = 8.7 Hz, 2 H), 5.60-5.81 (m, 1 H), 4.93-5.02 (m, 2 H), 4.26 (m,
J = 6.5Hz, 1 H),3.20-3.32 (m, 1 H), 2.20-2.54 (m, 2 H), 1.04—1.62
(m, 22 H).

3C NMR (75 MHz, CDCl): § = 134.8, 131.2, 131.0, 128.6, 116.9,
78.5,74.3,73.4,42.7,29.7, 29.0, 28.1, 24.6, 24.4, 24.1, 23.5, 23 .4,
23.1,22.8, 20.1.

LCMS: m/z = 394 (M + H*)).

1-Bromo-4-[1-(but-3-enyloxy)but-3-enyl]benzene (3q)

Liquid.

IR (neat): 3434, 3076, 2978, 2907, 2858, 1640, 1591, 1484, 1432,
1408, 1338, 1296, 1095, 1007, 991, 915, 821, 778, 630, 545, 407

cm™.

'H NMR (300 MHz, CDCl,): § =7.44 (d, J = 8.3 Hz, 2 H), 7.14 (d,
J =8.3Hz,2H), 5.64-5.83 (m, 2 H), 4.96-5.04 (m, 4 H), 4.15-4.20
(t, J=7.5Hz, 1 H), 3.24-3.38 (m, 2 H), 2.46-2.56 (m, 1 H), 2.26—
2.36 (m, 3 H).

BC NMR (75 MHz, CDCly): § = 141.3, 135.2, 134.4, 131.4, 128 4,
121.2,117.1, 116.3, 81.5, 68.3, 42.5, 34.3.

LCMS: m/z =282 (IM + HJ).

4-(Benzyloxy)non-1-ene (3r)

Liquid.

IR (neat): 3445, 3068, 2956, 2928, 2859, 1739, 1644, 1499, 1458,
1378, 1250, 1214, 1147, 1091, 1024, 994, 912, 759, 697 cm™.

'H NMR (300 MHz, CDCl,): § =7.20-7.31 (m, 5 H), 5.74-5.88 (m,
1 H), 5.00-5.09 (m, 2 H), 4.44-4.56 (m, 2 H), 3.35-3.43 (m, 1 H),
2.26-2.33 (m, 2 H), 0.87-1.55 (m, 11 H).

13C NMR (75 MHz, CDCl,): § = 138.9, 135.1, 128.4, 128.2, 127.8,
127.6, 1234, 116.7, 78.5, 70.8, 38.3, 33.8, 31.9, 25.0, 22.6, 14.0.

LCMS: m/z =233 (M + H*]).
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