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Improvement of the synthetic process of fluopyram
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Abstract ; In order to find an alternative reduction method, making the 2 -[3-chloro-5 - (trifluoromethyl) pyridine - 2- y1] ace-
tonitrile to be reduced to 2-[ 3-chlor-5 - (trifluoromethyl) pyridini-2- yl] ethane under mild conditions,the key intermediate 2-
(3-chloro-5-(trifluoromethyD) pyridin-2-yl) ethan-1-amine hydrochloride is obtained through condensation of the starting material
2,3-dichloro-5-(trifluoromethyl) pyridine with ethyl-2-cyanoacetate, decarboxylation, reduction, and deprotection reaction;
then the targeted compound fluopyram is synthesized through the reaction of 2-(3-chloro-5-(trifluoromethyl) pyridin-2-yl) ethan-
1-amine hydrochloride with 2-(trifluoromethyl) benzoyl chloride. The reaction factors and parameters are optimized. The opti-
mized conditions are as follows: in reduction reaction, n(substrate) : n(NiCl,) : n(NaBH,)=1 : 1: 2; in deprotection reac-

tion, the deprotection reagent is hydrogen chloride in ethyl acetate solution; in amidation reaction, the reaction solvent is
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dichloromethane, the proton scavenger is triethylamine and the reaction temperature is 10~15 °C. Under the optimized condi-
tions, the total yield of fluopyram reaches 48. 1% (counted based on 2,3-dichloro-5-(trifluoromethyl) pyridine). The structure
of fluopyram is confirmed by ESI-MS, ! H-NMR and * C-NMR. This synthetic method is mild in response, simple in operation
and has high yield of target products.

Keywords: organic synthetic chemistry; 2,3-dichloro-5-(trifluoromethyl) pyridine; fungicides; fluopyram; synthesis
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1.2.1 2-[3-E5-(ZRFFEOMME-2-32]2-FE LM BRI AR

[a] 250 mL R R A A 10. 0 g(46. 3 mmol)2,3- & -5-(=F HE) ML IE BREE SN 7. 68 g(55. 6 mmol)
1 50 mL DMSO, % 18 T I 503 2. 2.1 6. 28 g(55. 6 mmol) , 5, F 70 C KB 3 h, TLCURFFRINA
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Fig.1 Synthetic route of fluopyram

THEED W BRIV e BRBLIEEHEEIE, A 60 mL 7k, ] 6 mol/L thBRVAY pH &M 2, 7 hnid 72
hAEREEOEEN S, SR RE R, THREH 2 E G E K 12.8 g, InE R 94. 5%, 45 88 170~172
°C ,'H-NMR (400 MHz, DMSO-d;)8( * 107°):14. 62(s,1H),8. 53(s,1H),8. 31(s, 1H),6. 32(s, 1H),
4.23(q,2H,J=6.8 Hz),1.27(t,3H,J=6.8 Hz),
1.2.2 2-[3-&E-5-(ZHHFEOmme-2- 2] Z K& B

Ml 250 mL = O BRI A 10. 0 g(30. 4 mmol)2-[3-E-5- (=M O Mk ig-2- 3 ]-2-E 2 M 2l b
B2 LA 60 mL DMF, HLA$EHE T A 1 mol/L ERER VAT pH B4 2, B FHE S 130 'C L 2 h, TLCURIFH
FoCAME) * o(ZBRZE) =4 DMMEBRRMTL. BMRMBERHEZRMA 5% GREH% TR
9 NaOH ¥, 8 pH (B8 8~9, FH 218 Z.H8 (60 mL X 2) F B, 4 HLAH FH M Fn &0 4k 4 74 i (30 mL X 2) ¥
WO AR T, & I8 B EEEBEN AR EEE K., BHMAHCRIBRES &, B3R E 6 E K
6.35 g, KK 85. 2%, 4 5 F 33~ 34 C.'H-NMR (400 MHz, DMSO-d;) 8 ( * 107°):8. 99 (s, 1H),
8.56(s,1H),4.52(s,2H),
1.2.3 [2-[3-E-5-(ZHF H)Ombng-2-3 ]2 5 18 E BT BE A R

Ml 250 mL = OEHRKINA 6.3 g(28.9 mmoD) 2-[3-E-5- (=AM g2 ZfE . S48 3. 75 g
(28.9 mmol) , iR A T B 9. 46 g(43. 3 mmoD) FIZ BE 60 mL, JKIAFEHE ZE-10 C, A #EZ 18 in A5 &4k
42,18 g(57. 8 mmol) , N ASE G FE BN 20 min, TLCURFFHI R o ZEF L) ¢+ o(FHEE)=30: D
WS 7S R S 4 o [ SO VR AP A 60 mL 4 0 SR A 4 5 VR R R SN, 3ot U 5 R B VR A 4 R i (60 mL X 2)
EBGEIAVAE. FTKEEREE T RA VAR, U8 K IR E 28 250 . B B A AR Ry . RV T4
THUR My v R I Tk BE ORI R, A R B B ARAT A, o RO, TRG R B ARE K 7. 23 g, IKEH
78.0% 45 R 77 ~ 79 C,'H-NMR (400 MHz, CDCl;) 8 ( % 107°):8. 72 (s, 1H), 7. 91 (s, 1H),
5.15(br. s,1H),3.67~3.66(m,2H),3. 22~3. 20(m,2H),1. 43(s,9H),
1.2.4 2-[3-F-5-(ZF A B MLuE-2-H | Z B EL B0 19 & B

¥ 7.0 g(21. 6 mmoD[2-[3-F-5-(ZH A HEOMIE-2- ] ZE JFEFBRMTEMA 70 mL FHE LB
PR (4 mol /LD, FHRZE 45 C, 3+ 4 h, A REE Al . TLCURFF N o CHMEBE * (LR L
BE)=4: DWW BRRMESR, BRRH RN EZEE R, S B HFRCEERYE, TRERI B ERE K S5 25 g, i
%K 93.2% 45 h 178 ~180 °C,'H-NMR (400 MHz, CD;0D)8( * 107°).:8. 85(s,1H),8. 29(s,1H),
3.54~3.51(m,2H),3.43~3. 41(m,2H),
1.2.5 N-[2-[3-E-5-(ZFFEOmmE-2- ]2 2 - 2-(ZF P 5 X B CGRILE B . (L& DB A& R

Ml 50 mL = EJff AR K ANA 4. 8 g(18. 4 mmoD) 2-[ 3-5-5- (= H ) ML iE-2-5 | Z IR B 8 .25 mL —
FH L, IKIBREIRZE —5~0 C,IHM=2Z} 3.9 g(38. 6 mmol) , i F 10 min, fEFF R M HIBEH —5~0 C,
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RIEZEREM 2-(Z R HE R BER 4.6 g(22. 1 mmoD), 5, 4R M IREH 10~15 C, 5+ 0.5 h,
TLC(%J%*IJ%J (ZEF B + o(FED=7: DM B/RRMES, A 20 mL 1 FBRRSE R, 58
KA & H 5 (30 mL X2, AHA VA AT KGRE TERA VA, S8, W ER ZER &= H
B BT  TUE  IEE Y. MBI AME/ R ZER(CHERBE A3 DELABHAREK6.0 g,
W Ny 82.2% 4K 96. 8%, A B R 116 ~117 C (L1214 AR 115~117 C), EMI-MS(m/2) :
396[M-+H]* ;' H-NMR (400 MHz,DMSO-d;)8( % 107¢).8. 91(s,1H),8. 59 (br. s,1H),8. 44(s,1H),
7.77~7.70(m, 2H), 7. 63(t,1H, J=7.5 Hz),7. 50 ~7. 49 (m, 1H), 3. 72~ 3. 68 (m, 2H), 3. 25 ~
3.22(t,2H,J=7.0 Hz);* C-NMR (100 MHz, DMSO-d;)8( * 10°°).167. 7,160. 8,143. 6,136. 0,133. 8,
133.8,132.0,131.9,129.7,129.7,128.6,128.6,126.3,126. 3,36.8,34. 1,

2 HR5H®
2.1 R B bt I R U R B R

TERRE AL i A AL SR 8145 200 78 oW B B 21 HHRGBRAEEKENG YA
AWALE N EED ., S48 MEANS NEY Tab.1 Effect of ratio of reactants on the yield
YRR B R B R A R, i SR E T G5 nORYD ¢+ nCEAED + n(IEALH) e/ %
R FACER TS AL 8 R Y & Lb T R e 1 1:0.1¢1 18.5
BB , G5 R ISR 1, 2 1:0.1:2 56. 4
2% k(20 fSCERC21 317 i A Ak 4/ |4k 3 1:0.1:3 54.5
BRRELE., LRPRIA,n(FEAE  nURY) = 4 1:0.5¢:2 62.5
0. 1~2 i, B & AR A 2 598 b, Sz s ) 28 4 5 1:1:2 78.0
H n(BREAHD = nOEY) =2 B, BRI & B 58 6 1:2:2 75.4

2, BEETS AL AR B3I, SN A R

B0, JE AL B AR AR AR 2 nORYD + n(EALED : n(BIEALHD R 1+ 1+ 2 B, AL 20 min JFORHK %,
S0 J5 AR BT AR BB A, BCREGR . A P R AL R R ORI 25 B 1R G B B AR AL, B R B A
A FBAERE R, RAERE nURYD ¢+ n(EAED : n(MIEfLHD=1:1: 2,

2.2 FBiRPERFERE

IR AP B AT S0k — R T BR M 4% R T B BR k2 ML Boc 4 XA ik

W, BEERA=8I8. R . AR .S Tab. 2 Selection of de-Boc protecting group reagent

RLMLBEHEWE . S8BT H AR 4 Flm T2 W% B BocRPHMA A e

RO GERILE 2, 1 =RE A 92.6
LH R, LB 4 FhER I E R AT AR % - .- 031

M 2 TTLAE W AT SRR X F R OR B IR A

SZE L UAALE LR Z BN B Boc 1473 P TR e -

TR A AR R s LA 7 i DA A SE AT H 4 RREZRZERR LRI 93.2

Ja AR AR R, Mo R B R . Ik AR ER-Z
R L BRVE WA AT R B
2.3 FAMEBEEENK

FUM BRI A A B 2-[3-E-5- (A MIE-2- ]2 k5 2-(Z /P ) 28 1 BE & & 4 B ik 1k
AR BN A . SCHR A 20 B0 70500 A R A O Sk R L SR e O TEOK BRER AT L ER AL B . A SER i R
70 2 T R R R T I L Y 2 M) » 75 ) A 8 S bt R T A 4 DA A B AR A
2.3.1  JLHF A9

EBEBRTHE AT M N, N-ZHEF B 3 M, L ER 3 MEm e R g e, U
FNER 2-[3-F-5- (Z P FOMENE -2- 5 | Z ML MR IR TE A B e A4, RO | B R DL N,
N- P R S 59 o U AR B N K 7 AT AT Y (R SRR B [T s B R e O R R B [
W T LS W R L T A SRR R A . SRR R S DLk R e AR
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2.3.2 BN RN T I R Wi R Y S

P 8 A 6 T A ) A R P P B TR ) AR AR D R OB B HEAT 7 A SRR R TEALRERN A HLAR Y W] T

BREA . BEFE T AR B BB BB MR BRI . BRTRA  He A AR AR R 1. 2.5, 45 R AR 3.

MR 3 ATLLE A VLR = Z % SRR R » S WO e vy » BRI T 16 8 = M 0 SR IR

2.3.3  FJOL R B R LR A i

BRiBBESh , oAt 2R 1. 2.5, 45 R LK 4.
MR A TTLLEH, BEE BE A TR RA BT . HEREN 10~15 Crf, B R B m , N 2k £ 0L iR

BR10~15 C,

A3 BoT Rk B R 0 ¥R A4 BREBESTKEGYR
Tab. 3 Effect of base on the yield Tab. 4 Effect of reaction temperature on the yield
of fluopyram e B B/ C W/ %
Er R SR e/ % 1 —5~0 78.5
1 | 0.2 2 0~5 79.2
3 5~10 81.4
2 T B4 75.1
4 10~15 82.2
8 =Tk 82.2 5 15~20 80. 5
& iF

DAE 2-[3-F-5-(Z B ML iE-2-28 ] Z i i) 38 o » SR A SEAL B/ B AL Bl 1R R 8 SRR (3 R

BT R AR A B AE R 75 AL X S B S A Ao R R 7 L A A EL AR R L R R

2)RAEACR LR L VEWAE A B Boe RPN, 3 B R BREL = W1 LR LR P B #E AT, T8 3 fAT 8

AR ERAE , BN AT 3 B S B A R R 1Y 2-[3-A-5-(Z R O Mk ig-2- 2 1 Z e dh MR+, HE A U .

3 5 — B B AL SN P, BRI 30 4% = 2 » It vk — 8 R e A S JSOUE ¥ 3R N 1] 4 2% IR i

FRERT W 5 [ Wi il , AR T A

DA G IREEL A2 T AR TR B — B aifl, & 5 25 SO T3 20 7 i SO B e » R 48. 106, 1K
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