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Table 1. Toxicity of Chrysron to insects and mammals.

Test insects s Relative
and mammals Method Toxicity Effectiveness
Housefly Topical LDg, (pg/Fly)
(SK Strain) Chrysron 0.0175 11.43
Pyrethrin 0. 2000 . 1.00
Housefly Topical LDy (pg/Fly)
(NAIDM Strain) Chrysron 0.023 © 28.70
Phthalthrin  0.570 ’ 1.16
Allethrin 0.820 0.81
Pyrethrin 0. 660 1.00
Cockroach Topical LDy, (ug/Roach)
Chrysron 0.580 1.52
Pyrethrin 0.880 1.00
Housefly Turn table LCy (mg/100ml)
(SK Strain) Chrysron 3.200 11.88
Pyrethrin  38.000 1.00
Mosquito larva Immersion LC; (ppm)
Chrysron 0.012 4.17
Phthalthrin  0.105 0.48
Allethrin 0.125 0.40
Pyrethrin 0.050 1.00
Mice 3 Oral LDy (mg/kg)
Chrysron > 5000*
Mice ? Oral LDs (mg/kg)
Chrysron > 5000*
Mice F Subcutaneous LD, (mg/kg)
Chrysron > 2000*
Mice 2 Subcutaneous LDg (mg/kg)
Chrysron > 2000*
Mice s Dermal - LDy (mg/kg)
. Chrysron > 5000*
Mice ? Dermal LDy, (mg/kg)
Chrysron > 5000*
Rat 3 Subcutaneous LDy, (mg/kg) :
Chrysron  >)2000*
Rat 2 Subcutaneous LDg (mg/kg)
Chrysron > 2000*
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* Neither mortality nor symptoms of intoxication at all during the test period.
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Insecticidal (knock down) activity of Chrysron against houseflies and

Table 2.
mosquitoes by glass chamber method.
Oil preparation % Knock down at indicated intervals KT50

Insects Insecticides _COnc. | 38 53 75 105 150 210 300 420 600 | second
o % Sec. sec. Sec. Sec. sec. sec, seC. sSec. sec.

Housefly Chrysron 0.1 0 0 0 0 20 16.3 50.9 75.3 96.9 310

Chrysron 0.3 0 0 1.0 15.4 42,6 81.0 97.0 100 100 155

Chrysron 0.5 0 31 13.3 315 64.9 86.0 94.0 100 100 125

(SK strain) Chrysron 0.7 0 20 11.9 45.8 86.3 97.0 99.0 100 100 110
Phthalthrin 0.1 6.2 21.4 44,7 64.1 86.7 92.9 95.9 99.0 100 85

Allethrin 0.1 2.0 41 10.2 20.5 41.9 69.4 85.9 90.9 97.0 165

Pyrethrin 0.1 4.1 19.8 47.9 68.6 81.8 92.6 95.9 97.5 100 80

Housefly Chrysron 0.1 0 0 0 0 1.0 27.0 80.0 97.0 100 245
(gﬁ\;g‘)“ .| Phthalthrin 0.1 2.0 18.4 62.3 83.8 93.0 97.0 99.0 100 100 68
Allethrin 0.1 0 0 5.0 27.8 59.0 82.4 98.0 100 100 138

Pyrethrin 0.1 5.3 23.3 52.9 79.3 92.8 99.0 100 100 100 75

Mosquito Chrysron 0.05 0 0 0 1.1 4.2 5.2 22.9 48.0 76.9 430
Phthalthrin  0.05 6.5 15.7 19.9 33.0 57.8 78.4 87.7 95.6 98.8 125

Allethrin 0.05 0 0 0 1.1 3.2 13.6 27.5 54.4 81.5 380

Pyrethrin 0.05 14.5 21.7 27.9 41.2 64.8 73.2 84.6 95.8 97.9 120

Table 3. Insecticidal activity of Chrysron against houseflies (NAIDM strain)
by Peet-Grady method.

Oil Preparation % Knockdown % Mortality | OTI difference .
Insecticides cc;;}c. 2.5min,  S5min. 7 min. 10 min. after 24 hrs. g:,?:{‘down lg/io}:::.hty
Chrysron 0.1 0 8.2 40.8 77.6 77.6 -79.7 +8.9
" OTI* 69.7 87.9 94.0 96.0 68.7
Phthalthrin 0.1 72.0 93.0 94.0 96.0 49.0 +6.3 —16.3

OTI 74.5 87.7 90.9 97.0 65.3
Allethrin 0.1 15.2 44.5 59.6 81.8 13.1 —44.1 —47.3

0TI 67.7 88.6 92,7 93.7 60, 4

* OTI: Official Test Insecticide of CSMA (Pyrethrin 0.1%)
Table 4. Residual contact activity of Chrysron against houseflies (SK strain).

Emulsifiable .

concentrate Immediately after treatment One week after treatment
Insecticides €9C ?ojK?gilid?\f[n_Smxn )ﬂ_.k-_i % Mortality | % »Knockdoyvn (mln)_ % Mortality

% 5 .10 20 40 60 i after 24 hrs. 5 10 20 40 60 after 24 hrs.
Chrysron 0.1 0 33.7 89.6 100 100 100 1.7 1.7 13.3 61.7 7..7 50
Phthalthrin- 0.1 1.7 55.8 96.6 100 100 0 5.0 21.7 55.0 76.7 93.3 6.7
Allethrin 0.1 0 25.4 96.7 96.6 100 0 52 1.7 1.7 3.3 3.3 5.2
Pyrethrin 0.1 1.7 31.7 75.0 91.7 98.3 0 0 1.7 6.7 16.7 26.7 1.7
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:Table 5,,‘4-‘,Resi'(i‘d21‘1 contact activity of Chrysron against gérmah cockroach.
s |- dosage |~~~ Lmmediately.after treatment .’ . One’meek after_treatment . . .
.- 3 - 0
Insectlclfgs mg/4g?z . ﬁ Knockdown (min) 9% Mortality % Knockdown (min) % Mortality
; ﬁl 10° 20 40 80 120 |after 24 hrs.| 10 20 40, 80 120 |after 24 hrs,
Chrysro 10| 350,90 97 100 63 0 5 20 8 90 60
] 20: | 2704 80. 100 100 100 70 0 '5 65 8 100 |: 60
! 40 331 100, 100 100 100 - 7 5 25 70 100 100 |* 65
b
FE— T,
Phthalthin | 10 35 35 66 76 76 10 5 10 25 45 50, | 10
| 20" | .50 70 70 70 90 17 10 35 45 60 65 | ! 15
i 40 43 57 77 8 90 10 20 35 60 75 -8 ! 15
Fenitrotpion 107 [0 "0 0 -0 63 . 57 0 0 0 0 -2 ; 55
‘ 20 06 0 0 10 67 57 0 0 0 0 3| 55
07| 0 0 0 7 83 67 0 0 0 o0 6 | 65

cd e e

"

l
1 - -
* Fenitrothion: O.O-dimethyl O-(3-methyl-4-nitrophenyl) -phosphorothioate
.t . f
7]

¥

EIRE

Table 6. Insecticidal activity of Chrysron in aerosol formulation against
houseflies (NAIDM strain).
e |- e e dln - S :
?onc (%) Dosa ef ;) % Knockdown ﬁn ockdown OTA dlffel;fnce
nsecticides (g/10001t: : : . ortality | Knockdown ortality
L 7 ; e Smin. 10min. 15min. 24 hrs. 15min. 24 hrs.
Chnmmn~‘0 u% .3.38 0.6 3.4 2L97 e —40.4 -22.9
Chrysron 0.2% | 35 | 1.2 14.8 65.5 54.3 482 +19.6
Chrysron 0.3% 3.38 2.8 20. 4 76. 5 63.8 +14 2 +29.1
Chrysron 0.4% 3.38 .3.2 32.2 83.9 80.5 +21.6 v 445.8
Phthalthrin 0.2% 3.24 - |/ .54 181 481 6.0 -14.2 —28.7"
Phthalthrin 0.3% 3.15 8.3 28._9‘ 62.5 ' 3.6 +0.2 =311 ¢
Phtha_lthrin 0.4% 3.20 9.2 40.4 79.v5/' 15.4 +17.2 -19.3
Pyrethrin  0.2% 3.29 3.8 164 447 2.4 ~17.6 -32.3
Pyrethrin  0.4% 3.29 9.8 34.8 63.4 10.2° +1.1 —24.5
OTA* 3.24 6.7 3"2.3 ‘2.3 | 34.7 SAEE § L O —
%, DDT 2%

* OTA: Off1c1al Test Aerosol of CSMA (Pyrethrm 0.4%
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Table 7. Insecticidal activity of Chrysron agamsb -German cockroach by direct spray
method,
Oil-based Aerosol Dosage % Knock down % )
conc (mg) Mortality
Insecticides % g 2.5min. 5min 10min.  20min. 3 days.
Chrysron 0.49% 460 8.0  32.0 75.0  92.0 | 100
Phthalthrin 0.4% , 490 72.0 , 92.0 92.0 98.0 52.0
Allethrin 0.493 470 37.6 ©79.1 -+ 90.4 100 74.9 - -
Pyrethrin d.426 -1 460 76.0 . 76.0 86.0 98.0 100
Table 8. Effect of synergists in oil-based spray by'turn table methed.
o —— - ‘LC |
. - . ¢ Degree ‘of
Insecticides Synergists (mg of msectlmdeS) R Synergism
100m/7 4
“Chrysron ' S . K 14'3”~_. o _';M“ L0
Chrysron X 5 P-Butoxide - ' 3.7 SRR
Chrysron % 5 Sulfoxide - 3.9 1.19
Chrysron X 5 MGK 264 ) - 4.5 0.95
Chrysron X 5 Safroxane : © 3.7 1.16
Chrysron X 5 N-Propyl Isome ’ 4.3 1.0
Chrysron ‘ —_ ,3.0 1.0
Chryston “*= | 7 x5(" P;Butoxide " LG o k2,30
Chrysron .| .| ...x50. Sulfexide .. SURRUS - I 200 .
Chrysron x50 MGK 264 1.7 1.77
Chrysron . X50 Safroxane ) 1.3 2.30 '
Chrysron x50 N-Propyl Isome 2.6 ' 1.69
Phthalthrin - + | —— 69 L0
Phthalthrin X 5 P-Butoxide 22 3.14
Allethrin N — 84 ! 1.0
Allethrin | X. 5 P-Butoxide 32 2.62. ..
Pyréthrin = | —_ L 42 RN
“'Pyréthfhr:‘-“"'|“ X 5. P-Butoxide 9.5 4.42
T (2 BPITEN . (AN oo ’;
H e b PR s T .

I
BUL, 5aaé/;a¢7/wb®?§nfm 74
WZU/&ﬁvzn/&Ewm*BVU&n wib
$ﬂ4bbmmbtl7/—watVOhT®wm’
US~RTAHIC. C
%mh$um9kmuwhxom 7¢wzvy
0.2%+2 Y 21%0.05~0. 1% T, KL } Y 20.2%
ERo=VT FF4 4 F1.6% lCIZE%lT%XJJEﬂ%Tb
FICTHNVARYL0.4% +a930/01%éb<u7
ZNVAV L 0.2%4+2 V20 0.05%+E_Ru=bT
Y4 FL25BOHIADRE, CLRYL0.4%+

ERa =T MRS 4 K32 %I 2 8t e
AT EMBHISNI.
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Table 9. Insecticidal activity ‘of Chrysron and other pyrethroids against houseflies
(NAIDM strain) in various aerosol formulations.
; 2 .
?onc. (%d) (Slonc. (%) Dosagef y % Knockdown Knockdown | OTA dlffegznc_e- .
nsecticides ynergists .. (g/1000ft s — . [Mortality Knockdown Mortality
Smin. 10min. 15min. |97y g 15min. 24hrs,

Chrysron 0,05% .

Phthalthrin 0,29 —_— 3.01 28.3 65.6 87.5 64.6 +2.5 +12.4
Chrysron 0.05% .

Phthalthrin 0. 2% P-Butoxide 1.25% 3.10 28.5 64.2 93.1 90.3 +8.1 +38.1
Chrysron 0.1%
Phthalthrin 0.2% —_— 2.69 29.1 63.2 90.5 84.6 +5.5 +32.4
Phthalthrin 0.2% P-Butoxide 1.6% 3.08 27.1 61.7 85.6 59.6 +0.6 +7.4
Chrysron 0.1% '
Phthalthrin 0.4% _ 3.10 49.3 76.4 . 95.6 91.0 +10.6 ‘ +38.8
Phthalthrin 0.4% [P-Butoxide 3.2% | 2.9 | 45.2 79.7 95.9 9.9 | +10.9 +39.7
Pyrethrin 0.2% iP-Butoxide 1.6% 2,96 I 2.7 70.1 92.3 74.7 +7.3 +22.5
Pyrethrin 0.4% 1P—Butoxide 3.2% 2.94 | 38.0 78.7 97.2 90. 4 +12.2 +38.2
Chrysron 0.05%
Pyrethrin  0.2% _— 2.94 24,4 50.4 82.2 52.9 —2.8 +0.7
OTA i 3.19 { 31,2 63.8 85.0 52,2 — —
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Summary
Insecticidal activity of a new pyrethroidal com-
pound Chrysron (NRDC-104) or 5-benzyl-3-

furylmethyl dl-cis,
compared with that of Pyrethrins, phthalthrin or

trans-chrysanthemate was

allethrin. Although Chrysron was very low-toxic
to warm blooded animals, e.g.oral LD;, of more
than 5g/kg for mice, it exhibited tremendous
efficacy against insects of medical importance;
by direct contact application Chrysron was found
to be 11 to 29 times more effective against house-
flies, 4 times against mosquitoes and 1.5 times
against German cockroach than Pyrethrins. In

oil-based aerosol and  oil formulations as well,
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this new pyrethroidal compound showed insecti-
cidal activity superior to other pyrethroids,
characterized by the higher knockdown-mortality
activity, although it was inferior to pyrethrins
or phthalthrin in initial knock-down activity.
Furthermore, Chrysron had better residual con-

M 34 A1V

tact effectiveness against cockroaches and
houseflies. With the above-mentioned properties,
Chrysron can replace in practical applications of
various kinds of synergists now available in

enhancing the efficacy of other pyrethroids.
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A number of saligenin cyclic esters derived
from phosphorus acids have been synthesized
and evaluated for their biological activities by
Eto and his coworkers!~®, since they?1® found
saligenin cyclic o-tolyl phosphate as the active
metabolite of tri-o-tolyl phosphate (TOCP), a
neurotoxic substance. The cyclic esters show
interesting variety in toxicity, which appear to
be decided by an exocyclic substituent on phos-
phorustt’. The esters having a big substituent
are active to cause ataxia'® in hen and are
synergistic with malathion'® but are not insect-
icidal. On the other hand, the esters having a
small alkyl group are not ataxic but highly
insecticidal®.

Thus, methyl phosphorothionate (2-methoxy-
4H-1, 3, 2-benzodioxaphosphorin-2-sulfide; salith-
jon!9) is now practically used as insecticide.
We undertook to prepare the isomeric phospho-
rothiolate and its homologs for the evaluation
of biological activities and found that some of
them had fungicidal activity as well as insecticidal

activity.

Experimental

Chemical

Phosphorodichloridothiolates.
three equivalents of phosphorus oxychloride and
one equivalent of pyridine was added in dropwise
one equivalent of appropriate mercaptan with
stirring at 20 to 50°C. After stirring for four
hours the precipitation of pyridinium chloride
was separated by filtration. Unreacted phospho-
rus oxychloride was distilled off and the residue

To a mixture of

was fractionally distilled.
Saligenin cyclic phosphorothiolates. Phosphoro-
dichloridothiolates reacted with saligenin in the
presence of solvent and pyridine or other tertiary
amines at room temperature or at about 50°C.
The products were purified by distillation in
vacuo or recrystallization. The following example
is shown as a typical procedure.
2-Methylthio-4H-1, 3, 2-benzodioxaphosphorin-2-
oxide. To a mixture of saligenin (6.2g), pyri-
dine (8g) and chloroform (100m!/) was added
dropwise methyl phosphorodichloridothiolate (8g)
with stirring at 20°C. After stirring three hours,
the reaction mixture was washed in sequence
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