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The chiral triazole fungicide difenoconazole: absolute stereochemistry, stereoisomer
bioactivity, aquatic toxicity and environmental behavior in vegetable and soil

“n../\-.-f

ABSTRACT: In this study, the systemic assessments of the
stereoisomers of triazole fungicide difenoconazole are reported

Stereoselectivity
for the first time, including absolute stereochemistry, stereo- m
selective bioactivity toward pathogens (Alternaria sonali, Fulvia \,N @\
} [ Cl
D Cl

fufva) Botrytis cinerea, and Rhizoctonia solani), and toxicity
toward aquatic organisms (Scenedesmus obliquus, Daphnia

magna, and Danio rerio). Moreover, the stereoselective [ Aquatic toxicity >
degradation of difenoconazole in vegetables (cucumber, e

Cucumis sativus and tomato, Lycopersicon esculentum) under 4R

field conditions and in soil under laboratory-controlled 1545
conditions (aerobic and anaerobic) was investigated. There | Enulmnmentalbehamiw> - -

were 1.33—24.2-fold and 1.04—6.78-fold differences in e

bioactivity and toxicity, respectively. Investigations on the

stereoselective degradation of difenoconazole in vegetables showed that the highest-toxic and lowest-bioactive (2S,4S)-
stereoisomer displays a different enrichment behavior in different plant species. Under aerobic or anaerobic conditions, (2R,4R)-
and (2R,4S)-difenoconazole were preferentially degraded in the soil. Moreover, difenoconazole was configurationally stable in the
test soil matrices. On the basis of biological activity, ecotoxicity, and environmental behavior, it is likely that the use of pure
(2R4S)-difenoconazole instead of the commercial stereoisomer mix may help to increase the bioactivity and reduce
environmental pollution.
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o CHO OH OH OH
.)I\. i S catalysts 4-9 @ENHZ NH, /K[NHZ
! ' + -
L‘{X)'J N surfactant, water
additive 4a (S)-ph-gly 5 6
r.t. 48h 4b (R)-ph-gly
1a-d 2a-c 3a-h

OH OH OH

1a: cyclopentanone  2a: 4-nitrobenzaldehyde
1b: cyclohexanone  2b: 3-nitrobenzaldehyde T ™ NH l e
1c: cycloheptanone  2¢: 4-cyanobenzaldehyde s~ HN

1d: acetone 7 8 9

Fig. 1. Primary f-amino alcohol organocatalysts (synthesized in one step
from z-amino acids) employed in this study.

o OH o OH

ol ot
NO TABLE 3. (S)-Phenylglycinol-catalyzed direct asymmetric

3a b aldol reactions of ketones 1a—d with aromatic aldehydes 2a-c

o OH o OH affording aldol products 3a-h in aqueous Triton X-100

fl/ A : solutions
& (j\CN NO, Ketone/ Yield" syn: ee (syn)/ ee

3c 3d Entry  aldehyde  Product [%] anti [%] (anti)” [%]
O OH O OH
NO, J | 1 la/2a 3a o8 3:97 26/47
| 2 la/2b 3b 36 57:43 18/48
CN 3 la/2c 3¢ 35 30:70 8/44
3e 3f 4 1b/2a 3d 43 26:74 48/82
O OH O OH 5 1b/2b 3e 41 19:81 52/89
6 1b/2c 3f 56 25:75 37/82
7 1b/2c 3f 37 28:72 32/41
NO, NO, 8 1c/2a 3g 27 20:80 29/14
39 3h 9 1d/2a 3h 36 - 26
Fig. 2. Aldol products 3a—h, obtained from (S)-phenylglycinol-catalyzed 10 1d/2a 3h' 33 - 27

direct asymmetric aldol reactions of ketones la—d with aromatic aldehydes
2a—c.




Abstract: Chiral p-amino alcohol-derived N-borane catalysts,
namely noncyclic (25)- and (2R)-2-amino-2-phenylethanol
N-borane and their corresponding cyclic trimeric borazine derivatives,
were synthesized and their catalytic activities in the asymmetric re-
duction of prochiral ketones were examined. Both the noncyclic and
cyclic catalysts successfully catalyzed this reaction, giving the de-
sired secondary alcohols 1n up to 82% 1solated yield and with up to
80% enantioselectivity. The noncyclic catalyst was stable 1n aque-
ous and organic solvents, whereas the polycyclic borazine was sta-
ble only 1n nonprotic dry organic solvents.

Q O
b
o oay
H R

Figure 1 Chiral oxazaborolidine catalysts developed by Itsuno (left)
and Corey (right) for the asymmetric reduction of prochiral ketones

R © NaBH, R R

ik S . ®
H2S04, Et20 NH, OH NH, OH
BH3

NH, OH

@ O“"‘-B"’N‘\B/O
7 I |
o &
HEJF‘J OH : N\E::/N @
| =
=)
1 2

Figure 2 (2R)-2-amino-2-phenylethanol N-borane catalyst (1) and
the corresponding polycyclic borazine catalyst 2
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gb®owo 1. @odmeney®mo dcdgbhol (1), 0mbobsgool 3mdgbgosemol (), 356H8mbogrols x2g«y%0b 57563850l
3@3b9 (QC=0) s s80b0b x0 89950 5 BBl sH2dbg (QN) d9bdol bocooob, 325(H8mboerol x2gyx0l

8ol kogol (PC=0) s 3oco®mdlbogmols x2g«y0lb coodeaerwytro 8mdobdol (1 OH)

dbod369¢mm8980
Koo pK, pPK, AH* cal/k:
aMHHO KHCIIOTa R-rpymma u,D I, ev d o) g (N) Peo D NH2 COOH mol
1. Munun H 2.01 | -0.208 -0.246 -0.230 | 1.81 0.841 9.8 2.34 0.94
2. AnaHuH CH, 2.03 | -0.207 -0.245 -0.225 | 1.80 0.841 9.9 2.34 0.58
3. Banun CH(CH,), 135 | -0.214 -0.253 -0.216 | 1.82 0.824 9.7 2.32 0.17
4. JlefirmH CH, CH(CH,), 2.29 | -0.200 -0.239 -0.232 | 1.74 0.843 9.7 2.36 0.36
5. U3oneinun CH(CH;)CH,CH, 1.95 | -0.205 -0.242 -0.220 | 1.78 0.843 9.8 2.36 0.02
6. Cepun CH,OH 2.49 | -0.208 -0.262 -0.227 | 1.80 0.836 9.2 2.21 0.32
7. TpeoHuH CH(OH)CH, 2.14 | -0.217 -0.254 -0.213 | 1.80 0.831 9.1 2.71 0.37
8. Llucteitn CH, SH 1.40 | -0.186 -0.257 -0.212 | 1.82 0.840 9.3 2.10 -
9. MetnonuH (CH,), SCH, 1.86 | -0.211 -0.252 -0.223 | 1.87 0.846 10.8 1.90 =
10. Acnaparus. k- CH,COOH 435 | -0.220 -0.250 -0.232 | 1.87 0.847 9.9 1.88 0.80
Ta
11. Acmaparua CH,C=0NH, 211 | -0.223 -0.255 -0.208 | 1.83 0.844 9.5 2.02 0.74
12. I'myTamuH. K- (CH,),COOH 524 | -0.199 -0.245 -0.231 | 181 0.836 8.8 2.16 0.17
Ta
13. I'myramuH (CH,), CONH, 292 | -0.211 -0.237 -0.221 | 1.82 0.837 9.1 2.17 0.67
14. ApruauH (CH,);NH- 2.64 | -0.197 -0.258 -0.211 | 1.83 0.834 9.0 2.17 0.98
NH,)=NH
15. JInzun (CH,),NH, 0.81 | -0.198 -0.259 -0.212 | 1.83 0.830 9.2 2.18 0.03




gb®ogro 2. 5806081539000b f430¢798L 8ol 3939090 8ol [f363m1dbol

969639090329¢m0 ©5 Je99HO69em0 Fsbsbosorgbergdo

58060 8353980 R-xa3ms0 AE*, 3%/ AE, gc (3) o Pe. | 1Rot i\ Pt AR R U3 Y
Gerq 3x/ M| o | n | w
deagm

30O-3¢0 H 441 3.5 +0.167 ¥ 0.97 ( 0.10 | 0.79 | 0.37 | 0.43
0.124

A0-5¢S CH, 36.1 20 +0.162 1 090 [ 0.14 | 0.75 | 0.44 0.52
0.110

30-lge CH,OH 45.9 10.5 +0.167 - 096 [ 0.14 | 0.79 [ 0.34 | 0.45
0.122

30o-GHeM9M CH,CHOH 49.3 14.8 +0.169 : 096 ( 0.10 | 0.79 [ 0.36 | 0.46
0.123

30-dgm CH,S 19.2 -15.9 +0.169 s 097 ( 0.10 | 0.78 | 0.36 | 0.42
(CH,), 0.127

30-30LEd CH,SH 55.6 1.4 +0.169 - 097 [ 0.10 | 0.78 [ 0.36 | 0.42
0.127

3000~ 35 CH (CH,), 9.9 -1.6 +0.156 - 083|015 0.72 | 049 | 0.61
0.095

30-e0b (CH,},NH, 40.5 -0.3 +0.169 - 095 (009|085 (039 ]| 042
0.127

30-5130y 46.3 10.7 +0.169 - 091 (014 0.76 [ 0.39 | 0.39
CH,COOH 0.126
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D080 gbls 3-5806MmLoEr0300ol 8551535 (3513), 3-5806Mmd9E6BMOL 855535 Fg0degds yobzobowma
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LOHyol 6030009MGds 50O 0465 Y 3MBOL WS Fo5dEHMBOL 3-EMEMoEObmsb
3Mbgblogool 3emmdEo N-3-@mwog-B-D-3m3m306056mbBs s N-3-@mwow-B-D-
3959 BHM306056Mmbo (1,2). Fomqde 0gbs dgbsdsdolio bo®EHmBmx a0l 899333900 bogmogy-
0900 (5,6), 3900960 Mds5 oAb os 0bgMsfomgwo B3gd@M™MIgEMYIo Bgmmom [ ofj-
L39JGH®0, v, ba-1: 760, 915 ( ¥96Dmero); 2980-3300 (OH), 1525 (-N-N=0)]. 51939 36LsB3-
G2 065 MdOL $Hgd39M5GHOS [Ty, 133-134,5°C (5), 97-99°C (6)], R 0.72 (L3oOG0),
[a]pt® + 159 (c 0.41, L3oM®o) (B), [a]pt® + 229 (¢ 0.52, L3oME0) (6), 1520-1510 (-N-N=0).
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R=H, R'=OH (1,3,5) aaoyseodbs
R=OH, R'=H (2,4,6) aomsd@mbs
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