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Abstract: Phoxim is a significant insecticide, and its cur-
rent synthesis method has some shortcomings such as
the high risk of explosion and the trans structure (main
impurity) is hard to control. Our work solved the above
disadvantages by introducing macromolecular alcohol
(benzyl alcohol, etc.) as the starting material and opti-
mizing the intermediate reaction conditions. Compared
with the current synthesis route, the synthetic method
has the following advantages: (1) intermediate benzyl
nitrite has a high boiling point and strong safety; (2) inter-
mediate α-cyanobenzaldehyde oxime sodium are almost
(≥99%) cis structure, and no further refinement was
required, which greatly reduced the amount of waste
water produced; and (3) The high yield of phoxim was
maintained at 72.9%.
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1 Introduction

Phoxim,O,O-diethyl-α-cyanobenzoximephosphorothioate,
is a broad-spectrum, highly efficient, and low-toxic orga-
nophosphorus insecticide, which had widely been used
because of its strong application characteristics of unstable
to light and short residual period in the field. Generally, the
procedure of synthesizing phoxim was achieved using

methanol or ethanol as the starting material to generate
α-cyanobenzaldehyde oxime sodium (hereinafter also
referred to as sodium oxime) [1–4], followed by further
reaction with diethyl chlorothiophosphate to generate
phoxim (see Scheme 1). Nevertheless, the method still
has many shortages, for example, irrespective of the
starting material used –methanol or ethanol – the
boiling point [bp. from −11°C to −13°C (760 mmHg) or
bp. 16–18°C (760 mmHg)] of the intermediate produced
by their esterification is not high enough to keep safety;
ethyl nitrite or methyl nitrite is easy to blow up, which is
comparatively dangerous during the manufacturing
operation. In addition, quiet a lot of trans structure
(40%) is found in these sodium oximes, so that further
refinement was required to adjust trans to cis structure,
thus a large amount of waste water and waste acid pro-
duced increased the complexity of the experiment. Some
researchers changed the treatment of waste water and
waste acid, but they did not solve the safety problem of
intermediates [5,6]. Other researchers [7–11] used isoamyl
nitrite to react with phenylacetonitrile to generate sodium
oxime, but it also generated lots of trans oxime sodium.
After isopentanol was used to synthesize sodium oxime,
further purification was required, which increased the
complexity of the experiment.

This article designed a new route (Scheme 2) for the
synthesis of phoxim, and the route is characterized by the
introduction of macromolecular alcohol (benzyl alcohol,
etc.) to prepare the key intermediates benzyl nitrite and
sodium oxime. Možina et al. [12], Aellig et al. [13], Sheng
et al. [14], and other researchers used benzyl alcohol as
the raw material to generate benzyl nitrite, which was
considered a better selectivity for benzaldehyde but less
for benzyl nitrite. The new method has several advan-
tages, such as the intermediate benzyl nitrite has a great
selectivity and high bp. of 70−72°C (760mmHg), so that
the safety factor greatly improved compared with methyl
nitrite and ethyl nitrite. It was found that the inter-
mediate sodium oxime was almost cis structure (≥99%)
without further refinement. At the same time, the reaction
can maintain a good yield, 72.9% totally (consisting of
three steps).
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2 Materials and methods

All the reagents and solvents used for the experiment
were purchased from Macklin and used without further
purification. The synthesized compound structure was
confirmed by 1H NMR and IR. 1H NMR were recorded on
Varian 400MHz NMR spectrometer (DMSO or D2O is sol-
vent); IR were recorded on Nexus 470 infrared spectro-
meter. Analytical thin-layer chromatography (TLC) was
performed on precoated plates, and spots were visualized
under ultraviolet light (254 nm).

2.1 Synthesis of benzyl nitrite

Sodium nitrite (0.5 mol) and benzyl alcohol (0.5 mol)
were dissolved in 100mL water, 0.925 mol hydrochloric
acid (37%) was added dropwise, and the temperature of
reaction system was maintained at less than 5°C. The
reaction mixture is stirred for 0.5 h. TLC (petroleum ether:
ethyl acetate = 3:1) detects whether the reaction was com-
pleted. Separate the organic layer and dry with anhydrous
magnesium sulfate, 61.6 g yellow liquid benzyl nitrite was
obtained, with a yield of 90%.

Benzyl nitrite: 1HNMR (400MHz, CDCl3): δ 5.76 (s, 2H),
7.36 (s, 5H). IR (KBr) ν: 1,654, 1,400, 1,496, 1,560, 1,654, 669,
744, 787 cm−1.

2.2 Synthesis of α-cyanobenzaldehyde
oxime sodium

Into the reaction system of 0.4 mol phenylacetonitrile
and 0.4mol sodium hydroxide, slowly add 0.52mol benzyl
nitrite dropwise and the temperature was maintained at
below 60°C. After the completion of the dropwise addition,
the temperaturewasmaintained but with stirring for 2−3 h.
TLC (petroleum ether:ethyl acetate = 2:1) detects whether
the reaction is complete; 100mL water was added and
saved it for later use.

α-Cyanobenzaldehyde oxime sodium, yellow-brown
solid. 1H NMR (400MHz, CDCl3): δ 7.51 (s, 3H), 7.69 (s,
2H). IR (KBr) ν: 2,236, 1,498, 3,130, 1,685, 1,654, 1,617,
1,560, 1,498, 1,413, 1,282, 968, 765, 689 cm−1.

2.3 Synthesis of phoxim

The aqueous solution of sodium oxime obtained in the
previous step (Section 2.2) was taken and the pH of the
reaction system was adjusted to 10 or 11. Subsequently,
1 equivalent of O,O-diethylthiophosphoryl chloride was
added dropwise to the reaction system to maintain the
temperature below 55°C. Keeping the temperature con-
stant for 2 h, then check whether the reaction is complete
by TLC (petroleum ether:ethyl acetate = 1:1). Then the pH

Scheme 2: Synthesize of phoxim. Reagent and conditions: (a) H2O, 12M HCl, from −5℃ to 5℃, 30min, 90% yield; (b) NaOH, 60℃, 6 h, 90%
yield; (c) 30% NaOH, diethylthiophosphoryl chloride, 45–55℃, 2–3 h, 90% yield.

Scheme 1: Synthesis of phoxim from methanol.
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of the reaction solution was adjusted to 8−9 by 30%
liquid alkali. Separating it by the separating funnel, the
aqueous layer was extracted with dichloromethane and
incorporated into the organic layer. Next 70% hot water
(50°C) was added to the organic layer, the pH adjusted to
8−9 by NaOH (30%), and the organic layer was separated.
Repeat the step mentioned above, but adjust the pH to 6
after the addition of hot water (50°C) to the organic layer.
The organic layer was dehydrated and rotary evaporated
to obtain the yellow transparent liquid, phoxim, with a
yield of 90%.

Phoxim: 1H NMR (400MHz, CDCl3): δ 1.20 (t, J = 6 Hz,
3H), 1.29 (t, J = 6 Hz, 3H), 3.55–3.60 (m, 2H), 3.88–3.95 (m,
2H), 7.56 (t, J = 8 Hz, 3H), 7.80 (d, J = 4 Hz, 2H). IR (KBr) ν:
3,135, 2,980, 2,238, 1,496, 1,447, 1,400, 1,321, 1,162, 1,000,
855, 820, 768, 697, 669 cm−1.

3 Results and discussion

Figure 1 shows that the types of alcohol affect the yield
and cis–trans ratio of sodium oxime. The cis–trans isomer
ratio of sodium oxime after the reaction of cyclohexyl
methyl nitrite produced by cyclohexyl methanol with
phenylacetonitrile, resulting in sodium oxime, is 3:2, the
reason may be that the cyclohexyl ring is a twisted hexa-
gonal structure with less steric hindrance and increased
formation of sodium transoxime. Similarly, the ratio of
cis–trans isomers of n-hexyl alcohol is 7:3; the reason
may be that linear alkanes are not planar structures,
and hence each bond-forming atom can freely rotate
around the bond axis. Using benzyl alcohol as the

starting material to produce benzyl nitrite, followed by
further reaction with phenylacetonitrile, the sodium oxime
produced under the optimal conditions generated almost
(≥99%) cis structure under the premise that the yield was
maintained at a high level. The mechanism may be that
the benzene ring has a stable rigid structure and a large
steric hindrance, making the reaction easier to generate a
cis structure. In other words, the α-C of benzyl cyanide
attacking the benzyl nitrite is more inclined to cis at a
relatively high temperature, which greatly saved the cost
of adjusting cis–trans isomerization and the safety is also
improved.

When the reaction temperature is 45°C, the max-
imum yield of 90% of sodium oxime is obtained in
8−10 h, so 60°C is the optimal condition (Figure 2). Tem-
perature will affect not only the yield of sodium oxime but
also its cis–trans. Experiments show that at 60°C, not

Figure 1: Effect of different alcohol on the yield of sodium oxime and
proportion of cis-sodium oxime.

Figure 3: Effect of reaction time on the yield of sodium oxime and
proportion of cis-sodium oxime at 60℃.

Figure 2: Effect of temperature on the yield of sodium oxime and
proportion of cis-sodium oxime.
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only the yield of sodium oxime is the highest, but also the
structure was required.

Figure 3 shows the best reaction condition is 6 h at
60°C, and extending the reaction time cannot have a
more beneficial effect on the experiment.

After optimizing the experimental conditions, we
know that the ratio of benzyl nitrite made in the first
step to phenylacetonitrile is 1.3:1, the types of alkali has
a great influence on the yield of sodium oxime, of which
NaOH has the best effect, Na2CO3 has the poor effect and
NaHCO3 cannot even make the reaction proceed. Sodium
hydroxide was used as the reaction reagent, and benzyl
nitrite was added dropwise to control the temperature of
system, after that the temperature was maintained for
2−3 h. Finally, the highest yield of sodium oxime was 90%
and almost (≥99) in cis form, with no further refinement.

4 Conclusion

This article for the first time introduced macromolecular
alcohol (benzyl alcohol, etc.) as the starting material in
the synthesis of phoxim, compared with the current
industrialized process using small molecular alcohols
(methanol and ethanol) as the startingmaterials (Scheme 3).
The new synthetic method has high safety that benzyl
alcohol is not easy to blowup; good selectivity that sodium
oxime is almost in a cis product (≥99%); cost reduction

that reduce the procedure of waste water and waste acid
dealing, which means that generated sodium oxime did
not require further refinement. Through optimization of
reaction conditions, the yield of phoxim was maintained
at a high level (72.9%). Overall, our work provides a prac-
tical, safe, efficient and green method of phoxim
synthesis.

Funding information: This work is supported by National
Natural Science Foundation (No. 21773094).

Author contributions: Changzan Dong, Guang Qian,
and Jie Zhu contributed to the conception of the study;
Changzan Dong and Jinwen Qiao performed the experi-
ment; Hongwei Zhu and Guang Qian contributed sig-
nificantly to analysis and manuscript preparation;
Yupeng He and Jie Zhu helped in performing the ana-
lysis with constructive discussions; Changzan Dong
and Guang Qian performed the data analysis and wrote
the manuscript.

Conflict of interest: Authors state no conflict of interest.

References

[1] Shi WG, Xu ZM, Huang QZ, Cui AN, Wang MY. Study on
optimum technological conditions of phoxim synthesis. Hebei
Chem Ind. 1997;3:1–2.

Scheme 3: Comparison of current and new methods.

312  Changzan Dong et al.



[2] Wu ZL, Hu XW. Process improvement of phoxim synthesis.
Agrochemicals. 1996;5:19–20. doi: 10.16820/j.cnki.1006-
0413.1996.05.004.

[3] Wang AB. Refined α-cyanobenzoxime and its preparation
process. C.N. Patent 1353107; 2002 June.

[4] Zheng SF, Ji XH, Mu MR, Song SQ, Li DZ, Li LJ, et al. A pro-
duction method of phoxim. C.N. Patent 1073445; 1993.

[5] Qi TL. Recycle of sodium oxime from phoxim synthesis wash
water. Agrochemicals. 1994;2:11. doi: 10.16820/j.cnki.1006-
0413.1994.02.003.

[6] Chen XR, Liu QD, Qi YF, Teng L. Synthetic process of phoxim
technical. C.N. Patent 201610265200.9; 2016.

[7] Cao GH. Review on the production process of phoxim.
Agrochemicals. 1989;2:13–5. doi: 10.16820/j.cnki.1006-
0413.1989.02.007.

[8] Liu K, Chen ZB, Zhang FL, qian C, Tao SW, Xu QM, et al. Cu-
mediated stereoselective [4+2] annulation betweenn-hydro-
xybenzimidoyl cyanide and norbornene. J Org Chem.
2018;83:8457–63. doi: 10.1021/acs.joc.8b01081.

[9] Kang Z, Zhang J, Sun Q, Guan AY, Liang B, Li M, et al.
Isothiazolopyrimidinone compound and its use. C.N. Patent
103288855; 2012.

[10] Kang Z, Zhang J, Sun Q, Li M, Wang JF, Guan AY, et al.
Isothiazole compounds and their use as fungicides.
C.N. Patent 103288771; 2012.

[11] Tisdell FE, Johnson PL, Pechacek JT, Suhr RG, Devries DH,
Denny CP, et al. 3-(substituted phenyl)-5-(substituted hetero-
cycyl)-1,2,4-triazole compounds. US Pat 2000024739. 2000 July.

[12] Možina Š, Stavber S, Iskra J. Dual catalysis for aerobic oxida-
tion of benzyl alcohols – nitric acid and fluorinated alcohol.
Eur J Org Chem. 2017;3:448–52. doi: 10.1002/ejoc.201601339.

[13] Aellig C, Girard C, Hermans I. Aerobic alcohol oxidations
mediated by nitric acid. Angew Chem Int Ed.
2011;50:12355–60. doi: 10.1002/anie.201105620.

[14] Sheng XB, Ma H, Chen C, Gao J, Yin GC, Jie Xu. Acid-assisted
catalytic oxidation of benzyl alcohol by NOx with dioxygen.
Catal Commun. 2010;11:1189–92. doi: 10.1016/
j.catcom.2010.06.012.

A green method for the preparation of phoxim  313


	1 Introduction
	2 Materials and methods
	2.1 Synthesis of benzyl nitrite
	2.2 Synthesis of α-cyanobenzaldehyde oxime sodium
	2.3 Synthesis of phoxim

	3 Results and discussion
	4 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


