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1.Introduction 

Organic azides play a tremendously important 
role in the field of organic chemistry [1], medicinal 
chemistry [2], and material sciences [3]. Among them, 
β-azido alcohols are a particularly attractive subclass. 
Because they often encountered in some drugs and 
bioactive compounds, as exemplified by antiretroviral 
2′-deoxy-2′-β-fluoro-4′-azidocytidine [4], hepatitis C 
virus (HCV) NS5B inhibitor R-1479 [5], and antibiotic 
drug azidocillin [6]. In addition, β-azido alcohols play a 
significant role as synthetic precursors toward a variety 
of value-added chemicals [7-11], such as β-amino 
alcohols, β-fluoroamines, aziridines, β-hydroxy 
triazoles, 6,7-dihydro-4H-[1,2,3]triazolo[5,1-
c][1,4]oxazines, oxazolidin-2-ones, and 4,5-
dihydrooxazoles. Traditionally, the main synthetic 
approaches used for the formation of β-azido alcohols 

are ring-opening of corresponding epoxides [12] and 
reduction of α-azidoketones [13]. However, these 
methodologies suffer from multistep synthesis and 
limited substrate scope. Therefore, the development of 
simple and efficient approach to the titled compounds 
from readily available substrates is still highly desired.  
In recent years, the direct vicinal difunctionalization of 
alkenes has become an extremely powerful strategy for 
rapid increasing molecular complexity via concomitant 
incorporation of two functional groups onto an 
unsaturated carbon–carbon double bond within a single 
click [14-20]. Along this line, in continuation our 
previous works [21-27], various methodologies have 
recently been developed for the direct hydroxyazidation 
of alkenes to the corresponding β-azido alcohol 
derivatives with high regio- and stereo-selectivities (Fig. 
1).
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Scheme 1. Selected examples of biologically active β-azido alcohols. 

 

 
Fig. 1. Direct hydroxyazidation of alkenes. 

 
 

Despite the remarkable advancements in this hot 
research field over the past few years, no comprehensive 
review has yet appeared in the literature. Therefore, it is 
an appropriate time to summarize these achievements. 
With the aim of stimulating further research in the field 
of difunctionalization of alkenes, follow up on previous 
published reviews in organic synthesis [28-30], herein, 
we will summarize the latest discoveries and advances 
in the arena of direct hydroxyazidation of C-C double 
bonds with an emphasize on the mechanistic features of 
the reactions. 
 
2. Metal-catalyzed reactions 

After pioneering work with Draper and co-
workers on the direct conversion of a small library of 
steroidal olefins into the corresponding vicinal 
azidohydrins [31] using chromium trioxide 
(CrO3)/sodium azide (NaN3) system in acetic acid, the 
first general report on the direct synthesis of β-

azidohydrins in a single step form the respective alkenes 
was published by Shibasaki's research group in 2000 
[32]. In this investigation, six trans β-azido alcohols 2 
were obtained in reasonable yields through the reaction 
of various internal (cyclic and acyclic) alkenes 1 with 
bis(trimethylsilyl) peroxide (BTSP) and trimethylsilyl 
azide (TMSN3) in DCM through the action of (Cl2SnO)n 
at ambient conditions (Scheme 2). Notably, in all cases, 
besides the desired β-azidohydrins, small amounts of β-
chlorohydrines were obtained as side-products. 
Intriguingly, when TMSN3 was replaced with 
trimethylsilyl acetate (TMSOAc), the corresponding 
trans β-acetoxy alcohol products were obtained in 
moderate yields along with small but noticeable 
amounts of undesired chlorohydrine side products, 
isolated in 6-19% yield. Unfortunately, applicability of 
terminal alkenes as starting materials was not 
investigated in this seminal study. 

 
Scheme 2. Shibasaki's synthesis of trans β-azido alcohols 2. 
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In 2015, Jiao and co-workers described that 
simple and inexpensive MnBr2 can be used as an 
effective catalyst for aerobic oxidative hydroxyazidation 
of olefins employing TMSN3 as the azide source and air 
as the terminal oxidant [33]. Thus, a diverse array of β-
azido alcohols 4 were synthesized in moderate to almost 
quantitative yields by treatment of the corresponding 
alkenes 3 with over stoichiometric amounts of TMSN3 
in the presence of 5% MnBr2 under open air in 
MeCN/H2O (Scheme 3). The reaction is noteworthy in 
that both aromatic and aliphatic (terminal and internal) 
alkenes were well tolerated. Interestingly, the reaction 
has demonstrated a high degree of regioselectivity, in 
which azide group predominantly added to the less 
hindered carbon atom of the C=C bond. Notably, other 
azide sources such as NaN3 and N(nBu)4N3 could not 
enable this hydroxyazidation transformation. On the 
other hand, replacing MnBr2 with some other single-
electron catalysts such as CuBr2, FeBr2, Mn(OAc)2, and 

MnO2 led to much lower yields or even no desired 
product at all. Based on a series of control experiments 
such as isotopic labeling experiments and the density 
functional theory (DFT) calculation, the author 
proposed a mechanistic course for this 
hydroxyazidation, which is outlined in Scheme 4. 
Initially, oxidation of MnBr2 catalyst by dioxygen under 
the standard conditions generates MnIII or MnIV which 
participate in the oxidation of TMSN3 to azido radical 
(N3˙). Subsequently, this radical selectively attacks to 
the less hindered end of alkene 3 to furnish carbon 
radical A that, after reaction with molecular oxygen 
affords peroxyl radical B. Next, the newly formed 
radical B undergoes Mn-participated the single electron 
transfer (SET) and protonation processes to produce β-
azido peroxy alcohol C. Finally, reduction of β-azido 
peroxy alcohol C by PPh3 leads to the generation of β-
azido alcohol 4. 

 

 
Scheme 3. Mn-catalyzed aerobic oxidative hydroxyazidation of alkene 3. 

 
 

 
Scheme 4. Proposed mechanism for the reaction in Scheme 3. 



Chem Rev Lett 7 (2024) 53-64 

 

56 
 

Along this line, very recently, Cai, Jiang, and Zhu 
reported a practical and selective MnBr2-catalyzed 
aerobic hydroxyazidation of fluoroalkenes with TMSN3 

and molecular oxygen under mild conditions [34]. Here, 
various (2,2-difluorovinyl)arenes 5 were compatible 
with the reaction condition and afforded the target 2-
azido-2,2-difluoro-1-arylethanols 6  in modest to 
excellent yields and outstanding regioselectivity 
(Scheme 5). The reaction is noteworthy in that various 
sensitive functional groups such as CN, NO2, SO2, 
CO2Me, Br, Cl, and NHAc were well tolerated. In 

addition, the reaction could be scaled up to produce the 
target β-azido alcohols in high yield without difficulty. 
The system was also applied for the highly selective 
hydroxyazidation of (trifluoromethyl)alkenes into the 
corresponding β-trifluoromethyl-β-hydroxy alkyl azides. 
However, 1-(4,4-difluoro-2-methylbut-3-en-1-yl)-4-
isopropylbenzene did not take part in this 
difunctionalization reaction and therefore no other 
aliphatic alkenes were examined in the protocol. The 
authors proposed a SET pathway based mechanism 
analogous to that of Jiao and co-workers. 

 
 

 

 
Scheme 5. Mn-catalyzed aerobic hydroxyazidation of (2,2-difluorovinyl)arenes 5 with TMSN3 and molecular oxygen. 

 
3. Iodine-catalyzed/mediated reactions 

In 2015, Sudalai and co-workers informed for the 
first time the usefulness of molecular iodine as catalyst 
for the direct hydroxyazidation of alkenes 7 using NaN3, 
and DMF as N- and O-nucleophiles, respectively [35]. 
They found that the oxidant could be able to play a key 
role in controlling the regioselectivity, thus leading to 
the generation of the 1,2-azidoalcohols 8 and 9 in a 
selective manner. When the TBHP was employed, 
secondary alcohols 8 were yielded as the exclusive 
regioisomers with syn-stereochemistry (Scheme 6). On 
the contrary, when 50% aq. H2O2 was used as oxidant 
instead of TBHP, a complete reversal in product 
regioselectivity was observed affording tertiary alcohols 
9 with anti-stereochemistry. Both open chain internal 
alkenes and cyclic alkenes worked well under both 
conditions indicating the general applicability of these 
methods. Applying this methodology, the authors also 
successfully synthesized an antibiotic drug, 

chloramphenicol, and a cytokine modulator, (+)-
cytoxazone. Notably, 18O labelling studies proved that 
DMF served as the O-nucleophile. A plausible reaction 
mechanism was proposed and shown in Scheme 7. 
Initially, an iodonium ion is formed by the reaction of 
alkene with molecular iodine, which undergoes 
subsequent regioselective ring opening with DMF to 
give the corresponding iodo intermediate A, followed 
by subsequent stereoselective displacement with azide 
ion to form species B. This intermediate B on hydrolysis 
affords syn 1,2-azidoalcohols 8. On the other hand, 
under aq. H2O2 conditions, the iodo intermediate A is 
hydrolyzed in situ to yield iodoformate C. Next, the 
species D is formed from iodoformate C by the 
anchimeric assistance from the formate group, which in 
then reacts with the azide anion in a regioselective 
manner to give anti azido alcohols 9 with the liberation 
of the iodide ion. Finally, iodide ion reoxidized with 
TBHP/H2O2 to regenerate I2 in the catalytic cycle. 
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Scheme 6. I2-catalyzed oxidant controlled regio- and stereodivergent hydroxyazidation of alkenes 7 developed by Sudalai. 

 
Scheme 7. A proposed mechanism for the hydroxyazidation of alkenes 7 reported in Scheme 6. 

 
Three years later, Chang's research team reported 

a similar vicinal hydroxyazidation of styrene derivatives 
with NaN3 and water in the presence of bismuth iodide 
(BiI3) as a mediator [36]. In this report, 10 1-azido-2-
arylpropan-2-ols 11 were synthesized in moderate to 
high yields from the corresponding α-methylstyrenes 10 
by means of 1.2 equiv. of BiI3 in wet DMF without 
consuming any additional base or oxidant (Scheme 8). 
Interestingly, when the reaction was carried out in dry 
DMF condition, 1,2-azidoiodides were exclusively 
generated without any β-azidoalcohol formation. Based 

on a series of control experiments, the authors proposed 
a five-step reaction mechanism for this transformation 
(Scheme 9): (i) coordination of BiI3 to the double bond 
of alkene 10 to form complex A; (ii) generation of 
intermediate B from intermediate A through the removal 
of an iodide ion; and (iii) intermolecular substitution of 
B with the water to afford intermediate C; (iv) insertion 
of iodide ion into C to give intermediate D; and (v) 
coordination of D with in situ generated HN3 to yield 
the expected product 11  via the five-membered ring 
transition state. 
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Scheme 8. BiI3-mediated hydroxyazidation of styrene derivatives with NaN3 and water. 

 
Scheme 9. Possible mechanism for the formation of 1-azido-2-arylpropan-2-ols 11. 

 
In 2018, Chennaiah and Vankar developed a one-

step procedure for the 2,2,6,6-Tetramethylpiperidin-1-
yl)oxyl (TEMPO)-catalyzed regiospecific and 
stereoselective azidohydroxylation of glycals 12 into 2-
azido-2-deoxysugars 13 with TMSN3 and H2O as N- 
and O-nucleophiles respectively, using a 
(bis(trifluoroacetoxy)iodo)benzene (PIFA)−Me3SiN3 
reagent system in the presence of Bu4NHSO4 as a phase-
transfer catalyst (Scheme 10) [37]. The reactions were 
carried out under mild conditions, tolerated a variety of 
protecting groups, and generally afforded the desired 2-
azido-2-deoxysugar products in good yields within 

minutes. Applying this method, the authors also 
successfully synthesized an important trisaccharide unit 
bound by the monoclonal anti-I Ma antibody. 
Mechanistically, the reaction started with the formation 
of PhI(N3)2 A from PIFA and TMSN3. The treatment 
of this intermediate A with TEMPO results a radical 
intermediate B, which then reacts with glycals 12 to 
form an oxonium ion intermediate D via π-complex C. 
Addition of H2O into the intermediate D affords the 
observed 2-azido-2-deoxysugars 13 (Scheme 11). 

 

 

 
Scheme 10. TEMPO-catalyzed azidohydroxylation of glycals 12 into 2-azido-2-deoxysugars 13 with a PIFA−Me3SiN3-Bu4NHSO4 

reagent system. 
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Scheme 11. Proposed mechanism for the formation of 2-azido-2-deoxysugars 13. 

 
Very recently, in a closely related study, Juhász 

and co-workers investigated behavior of a small series 
of 1-C-acceptor-substituted glycals under 
azidohydroxylation conditions [38]. After careful 
evaluation of reaction variables such as azide source, 
hypervalent iodine reagent, catalyst, and solvent, they 
found that treatment of 1-carbamoyl and 1-
methoxycarbonyl substituted D-lyxo and D-arabino 
configured O-peracylated glycals with NaN3 in the 
present of 30 mol% PIFA and 50 mol% TEMPO in 
H2O/dry DCM at 0 ◦C, afforded the desired 3-azido-3-
deoxy ulopyranosonic acid derivatives in good yield 
with α-D-galacto configuration exclusively, while the 
transformation of the 1-cyano derivative under the 
identical conditions gave a 2,3-vicinal diazide in low 
yield. The application of an azidohydroxylated 
derivative in a glycosylation reaction with 4-nitrophenol 
using Mitsunobu condition was also successfully 
demonstrated. 

 
4. Enzyme-catalyzed reactions 

In 2021, Paul and co-workers reported an 
attractive example of in vitro one-pot preparation of 

enantioenriched 2-azido-1-phenylethanols 15 from the 
corresponding styrene derivatives 14 through enzymatic 
asymmetric epoxidation using a flavin-dependent 
styrene monooxygenase (StyA), the oxygenase 
component of SMO, as a biocatalyst and 1-benzyl-1,4-
dihydronicotinamide (BNAH) as a practical reductant, 
followed by a halohydrin dehalogenase (HHDH)-
catalyzed regioselective azidolysis using NaN3 as a 
source of azide anion (Scheme 12) [39]. On the other 
hand, the SMO was coupled with a chemical step by the 
addition of NaN3 as a nucleophile to produce 1-azido-2-
phenylethanols 16 with high regio- and stereo-
selectivity (up to 99% diastereomeric excess). It should 
be mentioned that among the various HHDHs (HheA3, 
HheA5, HheB5, HheD3, HheD5, HheD6, HheE5) 
examined; HheE5 from Gammaproteobacterium strain 
IMCC3088 gave the best ratio of α:β. On the other hand, 
similar to uncatalyzed reaction, the enzymatic reactions 
with HheA3, HheD6, and HheD3 afforded 1-azido-2-
phenylethanols as the major products. The other 
HHDHs (i.e., HheA5, HheB5, HheD5) also showed 
mixed ratios. 
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Scheme 12. Bi-enzymatic azidohydroxylation of styrene derivatives 14 developed by Paul and co-workers. 

 
Concurrently, Wu et al. [40] presented two 

related dual-enzyme cascade strategies for 
regiodivergent and stereoselective hydroxyazidation of 
alkenes. Thus, a variety of styrenes 17 were selectively 
converted to the enantiopure 2-azido-1-phenylethanols 
18 through SMO-catalyzed asymmetric epoxidation, 
using air as oxidant, followed by HheCM-catalyzed 
regioselective ring opening of epoxides with NaN3 
(Scheme 13). Intriguingly, when HheCM was replaced 
with HheG, the respective 1-azido-2-phenylethanol 
products 19 were obtained in in good to excellent yields 

and outstanding optical purities. Notably, this 
innovative research group successfully synthesized a 
library of chiral β-hydroxytriazoles from the 
corresponding alkenes by combining their biocatalytic 
cascades with Cu(I)-catalyzed click reaction. In 
addition, they also demonstrated two examples of chiral 
1,2-amino alcohols synthesis by simple reduction 
reaction of azidoalcohols using catalytic Pd/C under H2-
balloon pressure at room temperature. 

 

 
Scheme 13. Dual-enzyme cascade strategy for regio- and stereoselective hydroxyazidation of alkenes 17. 

 
5. Visible-Light-mediated reactions 

In 2017, Lu and co-workers demonstrated the first 
visible-light-mediated metal-free hydroxylazidation of 
alkenes 20 using TMSN3 as the N3 source, dioxygen as 

both the green oxidant and oxygen source [41]. The 
reaction took place using low loading (3 mol %) of 9-
mesityl-10-methylacridinium perchlorate 
(Acr+MesClO4

–) as the organic photocatalyst under 
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irradiation of 8 w blue LEDs at room temperature and 
provided the target β-azido alcohols 21 in moderate to 
quantitative yields after hydrolysis under acidic 
condition. As shown in Scheme 14, in all examples, N3 
insertion preferred to occurred at the least-hindered 
carbon atom and OH insertion at the carbon atom 
bearing the bulkiest group. It should be mentioned that 
the presence of the organic photocatalyst is crucial for 
the success of this difunctinalization reaction. In the 
absence of the photocatalyst, or by replacing 
Acr+MesClO4

– with Ru(bpy)3(PF6)2 and 
Ir(ppy)2(dtbbpy)PF6, no desired product was detected at 
all. In Scheme 15 a plausible mechanism for this 
hydroxylazidation is illustrated. Initially, the ground 
state photosensitizer (Mes-Acr+) undergoes 

photoexcitation under the irradiation of blue LEDs to 
produce the excited state Mes-Acr+*, which could 
oxidize the alkene 20 to afford radical cation A and the 
reduced species (Mes-Acr•). Subsequently, Mes-Acr• 
undergoes oxidization by dioxygen to regenerate 
photocatalyts and form superoxide O2

•-. The radical 
cation A is then captured by TMSN3 to afford the 
radical B that, after reaction with superoxide and TMS+ 
produces the peroxyazidation product C. In another 
possibility, direct reaction of Mes-Acr• with peroxy 
radical D (resulting from the trapping of oxygen by B) 
leads to the formation of peroxide anion E, which after 
reaction with TMS+ affords the peroxyazidation product 
C. 

 
 

 
Scheme 14. Visible-light-promoted aerobic hydroxyazidation of alkenes 20. 

 
Recently, Lu and Wang along with their co-

workers extended the above hydroxyazidation to indoles 
[42]. They showed that N-pyrimidin-2-yl indoles 22 can 
undergo visible-light-promoted regio- and stereo-
selective hydroxyazidation with TMSN3 to give 
corresponding trans-2-azidoindolin-3-ols 23 in 
moderate to high yields under catalyst-free conditions 
(Scheme 16). The protocol tolerated a series of sensitive 
functional groups (e.g., F, Cl, Br, OMe); however, it 
was not compatible with strong electron-withdrawing 

groups such as trifluoromethyl, cyano, and nitro 
functionalities. It is noteworthy that the presence of 
pyrimidinyl moiety is crucial to the success of this 
reaction. Replacing pyrimidine with some other nitrogen 
heterocycles (e.g., triazine, pyridine) led to much lower 
yields or even no desired product at all. On the other 
hand, NH-free indoles failed to produce any product 
under the optimized conditions. 
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Scheme 15. Proposed reaction mechanism for the formation of β-azido alcohols 21. 

 

 
Scheme 16. Lu-Wang's synthesis of trans-2-azidoindolin-3-ols 23. 

 
6. Conclusions  

In conclusion, this review provides concise 
overview on the synthesis of β-azido alcohols though 
the direct hydroxyazidation of corresponding alkenes. 
Without slight doubt, this page of β-azido alcohol 
synthesis provides milder conditions and simpler 
procedures than previously reported methodologies. 
This research area is at its infancy and has still further 
possibilities for growth and we believed that more 
research and further improvements will be attainable in 
this field in the near future. 

 
References 
[1] (a) A.A. Nayl, A.A. Aly, W.A. Arafa, I.M. Ahmed, A.I. 
Abd-Elhamid, E.M. El-Fakharany, M.A. Abdelgawad, H.N. 
Tawfeek, S. Bräse, Azides in the Synthesis of Various 
Heterocycles. Molecules, 27 (2022) 3716; (b) Z.K. Liu, Q.Q. 

Zhao, Y. Gao, X.X. Hou, X.Q. Hu, Organic azides: Versatile 
synthons in transition metal‐catalyzed C(sp2)−H 
amination/annulation for N‐heterocycle synthesis. Adv. 
Synth. Catal., 363 (2021) 411-424; (c) J.E. Moses, A.D. 
Moorhouse, The growing applications of click chemistry. 
Chem. Soc. Rev., 36 (2007) 1249-1262. 
[2] P. Sivaguru, Y. Ning, X. Bi, New strategies for the 
synthesis of aliphatic azides. Chem. Rev., 121 (2021) 4253-
4307. 
[3] M. Schock, S. Bräse, Reactive & efficient: Organic azides 
as cross-linkers in material sciences. Molecules, 25 (2020) 
1009. 
[4] L. Sun, Y. Peng, W. Yu, Y. Zhang, L. Liang, C. Song, J. 
Hou, Y. Qiao, Q. Wang, J. Chen, M. Wu, Mechanistic insight 
into antiretroviral potency of 2′-deoxy-2′-β-fluoro-4′-
azidocytidine (FNC) with a long-lasting effect on HIV-1 
prevention. J. Med. Chem., 63 (2020) 8554-8566. 



Chem Rev Lett 7 (2024) 53-64 

 

63 
 

[5] K. Klumpp, V. Lévêque, S. Le Pogam, H. Ma, W.R. 
Jiang, H. Kang, C. Granycome, M. Singer, C. Laxton, J.Q. 
Hang, K. Sarma, The novel nucleoside analog R1479 (4′-
azidocytidine) is a potent inhibitor of NS5B-dependent RNA 
synthesis and hepatitis C virus replication in cell culture. J. 
Biol. Chem., 281 (2006) 3793-3799. 
[6] J. Hamilton-Miller, W. Brumfitt, Newer β-lactam 
antibiotics: Deutsche Kurzfassung am Schluß der Übersicht. 
Infection, 2 (1974) 82-94. 
[7] C. Molinaro, A.A. Guilbault, B. Kosjek, Resolution of 
2,2-disubstituted epoxides via biocatalytic azidolysis. Org. 
Lett., 12 (2010) 3772-3775. 
[8] R. Li, D.J. Jansen, A. Datta, Intramolecular azide-alkyne 
[3+ 2] cycloaddition: versatile route to new heterocyclic 
structural scaffolds. Org. Biomol. Chem., 7 (2009) 1921-
1930. 
[9] X. Ariza, O. Pineda, F. Urpı́, J. Vilarrasa, From vicinal 
azido alcohols to Boc-amino alcohols or oxazolidinones, with 
trimethylphosphine and Boc2O or CO2. Tetrahedron Lett., 42 
(2001) 4995-4999. 
[10] A.R. Rao, M.K. Gurjar, V. Kaiwar, Enantioselective 
catalytic reductions of ketones with new four membered 
oxazaborolidines: application to (S)-tetramisole. Tetrahedron: 
Asymmetry, 3 (1992) 859-862. 
[11] T. Benaissa, S. Hamman, C.G. Beguin, Synthesis of β-
fluoroazides: a route to primary β-fluoro amines. J. Fluor. 
Chem., 38 (1988) 163-173. 
[12] (a) J.F. Larrow, S.E. Schaus, E.N. Jacobsen, Kinetic 
resolution of terminal epoxides via highly regioselective and 
enantioselective ring opening with TMSN3. An efficient, 
catalytic route to 1, 2-amino alcohols. J. Am. Chem. Soc., 118 
(1996) 7420-7421; (b) J.H. Lutje Spelberg, J.E. van 
Hylckama Vlieg, L. Tang, D.B. Janssen, R.M. Kellogg, 
Highly enantioselective and regioselective biocatalytic 
azidolysis of aromatic epoxides. Org. Lett., 3 (2001) 41-43. 
[13] (a) M. Watanabe, K. Murata, T. Ikariya, Practical 
synthesis of optically active amino alcohols via asymmetric 
transfer hydrogenation of functionalized aromatic ketones. J. 
Org. Chem., 67 (2002) 1712-1715; (b) T. Patonay, K. Konya, 
É. Juhász-Tóth, Syntheses and transformations of α-azido 
ketones and related derivatives. Chem. Soc. Rev., 40 (2011) 
2797-2847. 
[14] L. Yan-Mei, F. Jin-Feng, H. Long-Qiang, L. Wei-Na, E. 
Vessally, Recent advances in intermolecular 1, 2-
difunctionalization of alkenes involving 
trifluoromethylthiolation. RSC Adv., 11 (2021) 24474-24486. 
[15] J. Lin, R.J. Song, M. Hu, J.H. Li, Recent advances in the 
intermolecular oxidative difunctionalization of alkenes. 
Chem. Rec., 19 (2019) 440-451. 
[16] X. Chen, F. Xiao, W.M. He, Recent developments in the 
difunctionalization of alkenes with C–N bond formation. Org. 
Chem. Front., 8 (2021) 5206-5228. 
[17] J.B. Peng, Recent advances in carbonylative 
difunctionalization of alkenes. Adv. Synth. Catal., 362 (2020) 
3059-3080. 
[18] Z. Wu, M. Hu, J. Li, W. Wu, H. Jiang, Recent advances 
in aminative difunctionalization of alkenes. Org. Biomol. 
Chem., 19 (2021) 3036-3054. 

[19] H. Mei, Z. Yin, J. Liu, H. Sun, J. Han, Recent advances 
on the electrochemical difunctionalization of alkenes/alkynes. 
Chin. J. Chem., 37 (2019) 292-301. 
[20] J. Huang, Z.M. Chen, The alkynylative 
difunctionalization of alkenes. Chem. Eur. J., 28 (2022) 
202201519. 
[21] R. J. Mohamed, A. K. O. Aldulaimi, S. A. Aowda, 
Synthesized of new alkaloid compounds and study their 
anticancer activity. Paper presented at the AIP Conference 
Proceedings, 2660 (2022) 020082. doi:10.1063/5.0108821. 
[22] A. K. O. Aldulaim, N. M. Hameed, T. A. Hamza, A. S. 
Abed, The antibacterial characteristics of fluorescent carbon 
nanoparticles modified silicone denture soft liner. J. 
Nanostruct., 12 (2022) 774-781. 
doi:10.22052/JNS.2022.04.001 
[23] A. K. O. Aldulaimi, A. H. Idan, A. A. Majhool, M. J. 
Jawad, Z. H. Khudhair, S. M. Hassan, S. S. S. A. Azziz, 
Synthesis of new antibiotic agent based on mannich reaction. 
Int. J. Drug Deliv. Tec., 12(3) (2022) 1428-1432. 
doi:10.25258/ijddt.12.3.83 
[24] A. K. O. Aldulaimi, A. A. Majhool, I. S. Hasan, M. Adil, 
S. M. Saeed, A. H. Adhab,  New MCRs: Preparation of Novel 
Derivatives of Pyrazoloazepines in Ionic Liquid and Study of 
Biological Activity, Polycycl. Aromat. Comp., (2023). DOI: 
10.1080/10406638.2023.2254903 
[25] S. S. S. A., Azziz, A. K. O. Aldulaimi, S. A. Aowda, Y. 
M. Bakri, A. A. Majhool, R. M. Ibraheem, F. Abdullah, 
Secondary metabolites from leaves of polyalthia lateriflora 
and their antimicrobial activity. Int. J.Res. Pharm. Sci. 11(3), 
(2020) 4353-4358. doi:10.26452/ijrps.v11i3.2652 
[26]C. Y. Hsu, A. K. O. Aldulaimi, H. Bahir, A. H. Adhab, S. 
K. Saraswat, Hydrazinosulfonylation of aryl electrophiles: a 
straightforward approach for the synthesis of aryl N-
aminosulfonamides, RSC adv. 13(27) (2023) 18546-18560. 
[27] Alhussein Arkan Majhool; Mohanad Yakdhan Saleh; 
Ahmed Kareem Obaid Aldulaimi; Shakir Mahmood Saeed; 
Saif M. Hassan; Mohamed F. El-Shehry; Samir Mohamed 
Awad; Saripah Salbiah Syed Abdul Azziz, Synthesis of New 
Azo Dyes of Uracil via Ecofriendly Method and Evaluation 
For The Breast, Liver and Lung Cancer Cells In vitro, Chem. 

Rev. Lett., 6 (2023). 10.22034/crl.2023.425031.1258 

[28] F. Salimi, A. Karbakhshzade,N. Salehi, A Review on 
Recent Approaches to the Asymmetric Synthesis of 
Aziridines Derivatives, J. Chem. Lett. 2 (2021) 56-63.  
10.22034/jchemlett.2021.301693.1037. 
[29] Navid Salehi; Bayan Azizi, Electrochemical double 
carboxylation of unsaturated C-C bonds with carbon dioxide: 
An overview, J. Chem. Lett. 2 (2021) 2-8.  
10.22034/jchemlett.2021.275293.1023. 
[30] Mohammad Reza Jalali Sarvestani; Nihat Mert; Esmail 
Vessally, Cross-dehydrogenative coupling of aldehydes with 
N-hydroxyimides: An efficient and straightforward route to 
N-hydroxyimides esters, J. Chem. Lett. 1 (2020) 93-102. 
10.22034/jchemlett.2020.120304 
[31] R.W. Draper, Synthesis of steroidal azides. Part 1. 
Stereospecific vicinal azidohydroxylation of steroidal olefins. 
J. Chem. Soc., Perkin Trans., 1 (1983) 2781-2786. 



Chem Rev Lett 7 (2024) 53-64 

 

64 
 

[32] I. Sakurada, S. Yamasaki, M. Kanai, M. Shibasaki, 
Dichlorotin oxide-catalyzed new direct functionalization of 
olefins: synthesis of trans β-azidohydrins and 1, 2-diols. 
Tetrahedron Lett., 41 (2000) 2415-2418. 
[33] X. Sun, X. Li, S. Song, Y. Zhu, Y.F. Liang, N. Jiao, Mn-
catalyzed highly efficient aerobic oxidative hydroxyazidation 
of olefins: a direct approach to β-azido alcohols. J. Am. 
Chem. Soc., 137 (2015) 6059-6066. 
[34] Y. Cai, H. Jiang, C. Zhu, MnBr2‐Catalyzed aerobic 
oxyazidation of fluoroolefins: Access to fluoroalkylated 
β‐hydroxy aliphatic azides. Adv. Synth. Catal., 365 (2023) 
342-354. 
[35] P.K. Prasad, R.N. Reddi, A. Sudalai, Oxidant controlled 
regio-and stereodivergent azidohydroxylation of alkenes via I2 
catalysis. Chem. Commun., 51 (2015) 10276-10279. 
[36] N.C. Hsueh, C.K. Chan, M.Y. Chang, BiI3 mediated 
difunctionalization of α-methylstyrenes, including 
azidohydroxylation and azidoiodination. Tetrahedron, 74 
(2018) 1002-1008. 
[37] A. Chennaiah, Y.D. Vankar, One-step TEMPO-catalyzed 
and water-mediated stereoselective conversion of glycals into 
2-azido-2-deoxysugars with a PIFA–trimethylsilyl azide 
reagent system. Org. Lett., 20 (2018) 2611-2614. 
[38] Á. Homolya, I. Jedlóczki, A. Kónya-Ábrahám, L. 
Somsák, M. Tóth, L. Juhász, Behaviour of some 1-C-
acceptor-substituted glycals under azidohydroxylation 
conditions. Carbohydr. Res., 529 (2023) 108825. 
[39] L. Martínez-Montero, D. Tischler, P. Süss, A. 
Schallmey, M.C. Franssen, F. Hollmann, C.E. Paul, 
Asymmetric azidohydroxylation of styrene derivatives 
mediated by a biomimetic styrene monooxygenase enzymatic 
cascade. Catal. Sci. Technol., 11 (2021) 5077-5085. 
[40] J.F. Wu, N.W. Wan, Y.N. Li, Q.P. Wang, B.D. Cui, 
W.Y. Han, Y.Z. Chen, Regiodivergent and stereoselective 
hydroxyazidation of alkenes by biocatalytic cascades. 
iScience, 24 (2021) 102883. 
[41] B. Yang, Z. Lu, Visible-light-promoted metal-free 
aerobic hydroxyazidation of alkenes. ACS Catal., 7 (2017) 
8362-8365. 
[42] L. Qiao, K. Zhang, Z. Wang, H. Li, P. Lu, Y. Wang, 
Visible-light-induced photocatalyst-free aerobic 
hydroxyazidations of indoles: A highly regioselective and 
stereoselective synthesis of trans-2-azidoindolin-3-ols. J. Org. 
Chem., 86 (2021) 7955-7962. 
 



Chem Rev Lett 7 (2024) 53-64 

 

65 
 

 

 


