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0,0'-Bis(phthalimido)-modified 2-(hydroxyimino)ethanols
containing N-O-N fragment were synthesized in high yields
via the reaction of vinyl azides with N-hydroxyphthalimide
under the action of hypervalent iodine-based oxidant. The
reaction proceeds under mild conditions and is compatible
with a wide range of vinyl azides. Presumably, the process
starts with the oxidative formation of phthalimide-N-oxyl
radical, followed by its addition to vinyl azide with the
subsequent trapping of the generated iminyl radical with the
second phthalimide-N-oxyl radical.
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In recent years, the selective functionalization of double bonds
has been studied quite intensively as a versatile method for the
synthesis of complex molecules in a minimum number of steps.!
Approaches involving free radical reactions are of particular
interest due to their unusual mechanisms.2 As a result, unexpected
and valuable products can be obtained, which are sometimes
unavailable through other synthetic routes.® Vinyl azides which
contain azido group and other geminal substituent* possess
interesting reactivity in radical reactions, namely, addition of
radical species to the C=C bond results in elimination of
molecular nitrogen and generation of iminyl radicals.®

Here, we report on the hypervalent iodine-mediated reaction
between vinyl azides 1a—n and N-hydroxyphthalimide (NHPI) 2
(Scheme 1). Previously, we found that electric current and
cerium(tv) ammonium nitrate, (NH,),Ce(NOj)s, are able to
mediate this process.b The hypervalent iodine-based reagents
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Scheme 1 Reagentsand conditions: 1a—n/2 molarratio1:2, PhI(OCOCF3),
(1.2 equiv.), MeOH, 20-25°C, 20 min (for more details, see Online
Supplementary Materials).
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seriously differ from other oxidants in terms of reaction
mechanisms and intermediates. In this work, we disclosed that
oxidative generation of phthalimide-N-oxyl (PINO) radical
under the action of hypervalent iodine-based compounds
triggered a chain of free-radical transformations resulting in
O,0'-bis(phthalimido)-modified 2-(hydroxyimino)ethanols
bearing a quite rare N-O-N fragment.

Initially, we studied the model reaction of o-phenylvinyl
azide la with NHPI 2 under the action of hypervalent iodine-
based oxidants. The effects of the solvent nature, the amount and
type of oxidant and reaction time on yield of O,0'-
bis(phthalimido)-modified 2-(hydroxyimino)ethanol 3a are
outlined in Table 1. Initial reaction conditions were chosen
accordingto our previous experience on oxidative transformations
of other types of unsaturated compounds, styrenes without
leaving groups and possibilities of iminyl radicals formation.”
The reaction between 1a and 2 in the presence of two-electron
oxidant, [bis(acetoxy)iodo]benzene PhI(OAc), (0.6 mol per
1 mol of NHPI 2), in MeOH resulted in a 42% yield of 3a
(entry 1). The influence of the nature of solvent on 3a yield was
evaluated in entries 2-10. Carrying out the reaction in acetone,
MeCN, CH,CI,, CI(CH,),Cl, EtOH, PhMe, CF;CH,OH, THF
and AcOH did not provide better results in comparison with
MeOH. Change of hypervalent iodine-based oxidant to
[bis(trifluoroacetoxy)iodo]benzene [PhlI(OCOCF;),] provided
3a in a 58% vyield (entry 11). When the oxidant amount was
increased from 0.6 to 1.0 mmol or decreased to 0.5 mmol, yield
of 3a dropped to 50 and 54%, respectively (entries 12 and 13).
Screening of the reaction time (entries 14-16) demonstrated that
the highest yield of 3a was achieved when the reaction was
performed for 20 min (74%, entry 15).

It is important to note that the discovered reaction does not
proceed under the action of traditional initiators such as
azobisisobutyronitrile  (AIBN) or m-chloroperbenzoic acid
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Table 1 Optimization of the reaction conditions for the synthesis of O,O'-
bis(phthalimido)-modified 2-(hydroxyimino)ethanol 3a from a.-phenylvinyl
azide la and NHPI 2.2

Entry Oxidant (molar ratio to 2) Solvent Time/min Yield of 3a (%)°

1 PhI(OAc), (0.6) MeOH 10 42
2 Phl(OAc), (0.6) acetone 10 35
3 PhI(OACc), (0.6) MeCN 10 32
4 PhI(OACc), (0.6) CH,Cl, 10 29
5  PhI(OAC), (0.6) CI(CH,),Cl 10 25
6  PhI(OAC), (0.6) EtOH 10 24
7 PhI(OAC), (0.6) PhMe 10 22
8  PhI(OAc), (0.6) CF;CH,OH 10 17
9  PhI(OAC), (0.6) THF 10 17
10  PhI(OAc), (0.6) ACOH 10 15
11 PhI(OCOCF), (0.6) MeOH 10 58
12 PhI(OCOCF,), (1.0) MeOH 10 50
13 PhI(OCOCF,), (0.5) MeOH 10 54
14 PhI(OCOCFs), (0.6) MeOH 5 53
15 Ph1(OCOCF;3), (0.6) MeOH 20 74 (70, 67°)
16 PhI(OCOCF), (0.6) MeOH 30 62

aReaction conditions: to a solution of a-phenylvinyl azide la (73 mg,
0.5 mmol) and NHPI 2 (163 mg, 1.0 mmol) in the specified solvent (5 ml),
oxidant (0.6-1.0 mmol) was added, and the mixture was stirred at 20-25 °C
for 5-30 min. PNMR yield; isolated yield is given in parentheses. ©10 mmol
(1.45 g) of 1a, 20 mmol of 2 (3.26 g) and 12 mmol (5.16 g) of PhI(OCOCF;),
were used; isolated yields are given.

(mCPBA), that indicates the exceptional role of hypervalent
iodine-based oxidants in the process under study.

Thus, according to experimental data, optimal conditions for
the synthesis of 3a from a.-phenylvinyl azide 1a and NHPI 2 call
for conducting the process applying Phl(OCOCF;), as the
oxidant in MeOH for 20 min (see Table 1, entry 15).

With the optimized reaction conditions in hand, a wide range
of O,0'-bis(phthalimido)-modified 2-(hydroxyimino)ethanols
3a—n were synthesized from vinyl azides 1a—n and NHPI 2 (see
Scheme 1). Various 1-azidoethylenes 1g-I with electron-
withdrawing groups resulted in the corresponding products 3g—|
in good vyields (62-79%). When o-arylvinyl azides 1b—f
containing electron-donating groups were used as the starting
reagents, the desired products 3b—f were obtained in slightly
lower yields (40-69%). It should be also noted that hetaryl- and
alkyl-substituted vinyl azides 1m,n are also compatible with the
process. Yields of the corresponding oxyamination products
3m,n were 50 and 51%, respectively. Successful multigram
synthesis of product 3a (10 mmol of vinyl azide 1a and 20 mmol
of NHPI 2) under the optimized conditions (Table 1, entry 15)
showed that this approach could be used as a preparative route to
such family of organic compounds.

All products 3a—n were obtained as an inseparable mixture of
E-and Z-isomers with aratio from 0.12:1t00.92: 1. No correlation
was revealed between the substituent nature and the ratio of
isomers. However, a shift towards excess of one of the isomers
was observed depending on a position of the substituent in the
aromatic ring of the product molecule: 0.76-0.92:1 for
4-substituted (except for 4-But), 0.78-0.84: 1 for 3-substituted and
0.39-0.58:1 for 2-substituted ones. In the case of products with
benzimidazole and ester substituents, a significant excess of one of
the isomers was observed (0.16:1 and 0.12: 1, respectively).

As mentioned earlier there are other methods for the synthesis
of O,0'-bis(phthalimido)-modified 2-(hydroxyimino)ethanols
from vinyl azides, viz. under the action of electric current or in
the presence of (NH,),Ce(NO;)g, providing yields comparable
to the present protocol. In both of these methods column
chromatography is required to obtain pure desired product. The
herein developed method is characterized by higher synthetic
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Figure 1 Mechanism for radical oxyamination of vinyl azides 1 with
NHPI 2 under the action of hypervalent iodine.

utility, since it allows one to obtain the desired product without
the use of chromatographic purification. In the course of the
reaction, the products precipitate from the reaction mixture;
further they are filtered, washed with methanol and dried, which
leads to the analytically pure products 3. Also the reaction in the
presence of hypervalent iodine oxidant allows one to avoid usage
of heavy-metal compounds and special electrochemical
equipment.

Based on the literature data concerning the generation of
PINO radicals from NHPI under the action of hypervalent iodine
compounds’@ and the addition of radical species to vinyl
azides,*© we proposed a plausible mechanism for the formation
of O,0'-bis(phthalimido)-modified 2-(hydroxyimino)ethanols 3
from vinyl azides 1 and NHPI 2 under the action of
Ph1(OCOCFy), (Figure 1).

The reaction begins from the PIFA-mediated formation of
two equivalents of PINO radical A from NHPI 2, followed by its
addition to the C=C bond of vinyl azide 1. Nitrogen elimination
from the resulting C-centered radical B occurs with the formation
of iminyl radical C. Finally, C is intercepted with the second
PINO radical A to form product 3.

In summary, the method proposed for the synthesis of O,0'-
bis(phthalimido)-modified  2-(hydroxyimino)ethanols  using
N-hydroxyphthalimide/[bis(trifluoroacetoxy)iodo]benzene
system is suitable for the oxyamination of various vinyl azides
containing aryl, hetaryl, and alkyl substituents. The main features
of this transformation are the development of one step
experimental procedure, application of available vinyl azides,
NHPI and PhI(OCOCF;),, and simplicity of product isolation.

This work was supported by the Russian Science Foundation
(grant no. 21-13-00205).

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2022.03.004.

References

1 (a) T. Koike and M. Akita, Org. Chem. Front., 2016, 3, 1345; (b) G. Yin,
X. Mu and G. Liu, Acc. Chem. Res., 2016, 49, 2413; (c) L. Lin, Q. Liang,
X. Kong, Q. Chen and B. Xu, J. Org. Chem., 2020, 85, 15708; (d) Z. Wu,
M. Hu, J. Li, W. Wu and H. Jiang, Org. Biomol. Chem., 2021, 19, 3036;
(e) X. Fuand W. Zhao, Chin. J. Org. Chem,, 2019, 39, 625.

2 (a) R. Bag, P. B. De, S. Pradhan and T. Punniyamurthy, Eur. J. Org.
Chem., 2017, 5424; (b) S. Tang, K. Liu, C. Liu and A. Lei, Chem. Soc.
Rev., 2015, 44, 1070.

- 168 -



Mendeleev Commun., 2022, 32, 167-169

3 (a) X.-W. Lan, N.-X. Wang and Y. Xing, Eur. J. Org. Chem,, 2017, 5821;
(b) X. Wu, S. Wu and C. Zhu, Tetrahedron Lett., 2018, 59, 1328;
(c) H. Yao, W. Hu and W. Zhang, Molecules, 2021, 26, 105; (d) Z.-L. Li,
G.-C. Fang, Q.-S. Gu and X.-Y. Liu, Chem. Soc. Rev,, 2020, 49, 32;
(e) X. Bao, J. Li, W. Jiang and C. Huo, Synthesis, 2019, 51, 4507.

(a) B. Hu and S. G. DiMagno, Org. Biomol. Chem., 2015, 13, 3844,
(b) H. Hayashi, A. Kaga and S. Chiba, J. Org. Chem,, 2017, 82, 11981;
(c) J. Fu, G. Zanoni, E. A. Anderson and X. Bi, Chem. Soc. Rev., 2017, 46,
7208.

(a) Q. Liang, L. Lin, G. Li, X. Kong and B. Xu, Chin. J. Chem., 2021, 39,
1948; (b) O. M. Mulina, N. V. Zhironkina, S. A. Paveliev, D. V. Demchuk
and A. O. Terent’ev, Org. Lett., 2020, 22, 1818; (c) Y. Liao, Y. Ran,
G. Liu, P. Liu and X. Liu, Org. Chem. Front., 2020, 7, 3638; (d) J. Jang
and D. Y. Kim, Bull. Korean Chem. Soc., 2020, 41, 370; (€) H. I. Jung and
D. Y. Kim, Synth. Commun., 2020, 50, 380; (f) Y. Yao, Z. Yin, W. Chen,
W. Xie, F.-S. He and J. Wu, Adv. Synth. Catal., 2021, 363, 570;
(9) Y.-Z. Pan, S.-Y. Cheng, Q.-Y. Li, H.-T. Tang, Y.-M. Pan, X.-J. Meng
and Z.-Y. Mo, Synlett, 2021, 32, 593; (h) M. Luo, X. Ren, R. Shen, C. Qi,

- 169 -

Y. Zhang and H. Wang, ChemistrySelect, 2021, 6, 2471, (i) P.-F. Zhong,
H.-M. Lin, L.-W. Wang, Z.-Y. Mo, X.-J. Meng, H.-T. Tang and Y.-M. Pan,
Green Chem,, 2020, 22, 6334; (j) G. Li, X. Kong, Q. Liang, L. Lin, K. Yu,
B. Xu and Q. Chen, Eur. J. Org. Chem., 2020, 6135; (k) O. M. Mulina,
A. 1. llovaisky, T. Opatz and A. O. Terent’ev, Tetrahedron Lett., 2021, 64,
152737.

(a) S. A. Paveliey, L. S. Alimkhanova, A. V. Sergeeva and A. O. Terent’ev,
Tetrahedron Lett., 2020, 61, 152533; (b) S. A. Paveliev, A. I. Churakov,
L. S. Alimkhanova, O. O. Segida, G. I. Nikishin and A. O. Terent’ev,
Adv. Synth. Catal., 2020, 362, 3864.

(a) I. B. Krylov, S. A. Paveliev, M. A. Syroeshkin, A. A. Korlyukov,
P. V. Dorovatovskii, Y. V. Zubavichus, G. I. Nikishin and A. O. Terent’ev,
Beilstein J. Org. Chem,, 2018, 14, 2146; (b) I. B. Krylov, S. A. Paveliev,
O. K. Matveeva and A. O. Terent’ev, Tetrahedron, 2019, 75, 2529.

Received: 10th September 2021; Com. 21/6689



