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Synthesis of Novel HF-Base Complexes and Their Application to Fluorine Recycling
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We have successfully synthesized a variety of HF-base complexes
(nucleophilic fluorinating agents) based on cation exchange reaction between KF and a
solid-supported acid. Furthermore, the reactivity of the synthesized HF-base complexes was evaluated
by using the ring-opening fluorination of aryl epoxide as a model reaction. As a result, it was
clarified that the reactivity of the HF-base complexes changes greatly depending on the basicity and
structure of the base used.
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BT » FALAWTEIELD20%LL E, BEED30%U L2 5O TRY , ZOEEMIIE & E
STWD, LOLARNRS, A7 v BEAWITIRRIIZIEEAEFE LN END ., ZDOHT-
A BIEDOBRFIIIETE (CEHERMERETH D, o, BRILAEDIZ 7 v EEBANT HDD 7
v FLAIE LT, 7 v bKkFE (HF) BLOT7 vEHA (F) DAL FHINTWER, T bix
BRVEEME, RN, SOIITBREAATLZ LD, L 0dh 7 v FEHIOBTRENRL KD
HBNTWS, Zhucxt L, 7 ofb U v A (KF) (3RS ZeEn 0% 7 v FbAlol1> L LT
HMHNTWD, LoLaens, KRZIFE A EOFRBLCR L TERTH Y . FIEE+H o
ERIZREETH 5,

HREAIE T CKEZ 7 v AL LTHWA 72012, O b 5 o e A7 B i o CKE O fif il &
T 2 EE Q7 7 v m—T L EOMBIB B 2 I\ CKEOfREE A L4 2 )ik
DPEINTEY, FICOIEKFE 7 v F A E L THWD 7 v BLEOKR L E 172 FEE LT
MBI TWE, LI LS 7T rya—7 /U 3dEFIcEichy coFAHLRETH S5,

THICK L, FexIZERBA AL (K7RE) EDOMWF AU ZHELAT HEIKRRICHE R L, KF
EEIREED T A RN IS E T F= MU VT KF OfBEA{THET 5 Z LIk L
72 (Eq. 1)o & HIZ, KF EEREED 1 F A4 RSO R)E T 1 ' A & fafk 35 2 & T, KF
NHEREMICHF 24T 25 2 b RkEh Lz, AR L7 HF O 7 oAb A A 2 13REME MR
ZEMB, T o A A OREM B LSS 2 ENERE LY OE TH o T2,

cation exchange
reaction
KF -+ GsosH < = HF (H'+F) + O*S%K (1)
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AWFFECTlE, KF & EREED I T4 o 28 s (Bq. 1) (2RSS EREMICAER LT HF 25 H
L. HF &fEix OFREAEH S5 2 L TREMOE WS LA HF-HIES A2 AR L. 20
O & (Mg LR ofE) OBMRZMRANCIA LN T A Z 2 HME Lz, &5I12, K
WoE T Hivic HEERESER O M A %tz HF-EREER 2 X —< T U TNV LT 2872727 v F#
BIFRER O AEMETH AR R DbENE L,

3. WOk

(1) BBl HF-YEILEEIR D & pl & M IS AR AT

KF & SRR D 1 F 4 MG (Eq. 1) 12X 0 EEANCAER L7z HE (2% URE 2 O3 1
HAEE2DZ LT, Hifz/e HF-HESE R Z G LTz (Fig. 1), 512, B 57 HF-H I RIZ S
UV T NMR RCHLS § X SRS AR 217 - 72,
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(2) HF-HE BB IR O SOGMERET & = 07 A U Ha$t

TV =T ARF Y RO T v #l, BAEE FCIE Snl RS, BRIFFAE F Tl Sn2 Kt
DEITT D ENMBLNTWD (Fig.2), & 2T, Hil-ICA R LTz HF-HE SR O SOGHE & 54
T 5700, HF-HEERZ AW CT UV — LR v ROBR Y v #bxiT-o72,
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4. MRS
(1) B HE-HE ISR IR D5 pl & M IE RATT

KF & EREED 1 F A RS (Eq. 1) (I X 0 EREAIZAER L7z HF (23t L, flix DR A7
A4 T IV (B B R B =HRT I V), S HIT 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU),
1,5,7-Triazabicyclo[4.4.0]dec-5-ene (TBD), 7-Methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene (MTBD)
REDHREZIENSELE A, ARA T 4 0% L5HF §5K, 7 2 vk L OV BRI
IX 3HF AN JHE F CHOLRERERLE LTHLND Z LR LN -T2,

(2) HF-¥E LG5 R O SOSYERHM & 2 D7 A v fadt

FPF. AFTILT IV (m-HexNH,) . P~AF LT I (n-HexoNH) BI R R U AF LT
v (n-HexsN) DO3HFEEEZ HWT, 108 7 v #{b A2 1T-7~ (Tablel) . FH—HT I ThbH
n-HexNH, (Entry 1) 33X O k7 2> Th Hn-HexoNH (Entry2) #H W& 2 A, EITSNIK
JERHEAT L, 7 FER2DBINAIZ AR LTz, ZHUTHK L, =7 I Th Hn-HexsN & H
Wel Z A (Entry3) | SIS DT INTHEIT L, SNIER TH 52122, SRERYTH 2
T FACERINER LT, —F st FAUBEEOE T A AR LD BROREISE DS X
ZFORBMENM LT 52 ENmbNTWS, £2 T, HF ICER S B AEEOES SN 7 vk
AT DORBHEICEEL CWDDOTIERWNEEZ, BmEmSORRDH M7 I & LTEsN
(Entry 4) 3 X Un-OctsN (Entry 5) D3HF $5K % HWTRRAER 7 v B ZAT o 7225, RS DI
PICREREIR LN ST, T T I OEE SPHFOE IR X S BB LT e
WZEERBEL TS, ZNHDOFRERENG FH—HhT I BRIOHE T I o OMER 7 vk
AT ORI BEL TWDZEIRBRENT, bbb, H T I VBIOE w7 I
ITEFRIR T LIOKBEFF > TWHTOKFERME N —L LTlIE, 7 vk 1 4 OREM%
KTFSHETWDHEHDEEZ LD,

Table 1 7 3 2 -3HF K% H = 1 OBHER 7 v 1L

o) F OH

[::j//LA Base-3HF(1.5 eq.) [::j/J\\/OH . [::]/J\\/F
100 °C, 1,4-Dichlorobutane
1 2 3
Entry Base Time (h) Yield of 2 and 3 (%) ¥ 2:3%
1 n-HexNH; 1 62 99 :1
2 n-Hex,NH 0.5 65 98 :2
3 n-HexsN 6 64 89 :11
4 Et;:N 6 64 90 :10
5 n-Oct;N 6 55 90 :10

3 Determined by '°F NMR spectroscopy.



W, A IECH 5 DBU (Entry 1), TBD (Entry2) 3 X OXMTBD (Entry3) ¢ 3HF 14
ZHWTHEREY v# b a2 {7722 2 A, T IV3HF SR AW HBE L LT, £V S\2 X
I ATEST L7z (Table 2), Z4UIE HF I/EA S HEEOEIEMENEWE HF o7 1 b U 35E<
IS, 7 o A o B L D EBORREICESW = DI FOREMERHm E L b0 L E 2
bd, Fio. T OHEMSTRERE-3HF $5AD K% i35 & | RSB A EL M oD I
WIRTE L TN ERH BN E Ipo 7=, HlZIiEX, TBD 13k b mWHEEZ I 0b b
T AT OERETRIEIL L T, S AR TH D 3 OEPIENMEL Ie o7z, 2D TBD 55—
BB LOE T I ERRRICER R EICKFEEFF > TV D TOKEREAS R —& LTI,
T oAt A A OREMEERTFSE WL b0 EEZXLND,

Table 2 FHEFRIERE-3HF $51K % H 72 1 OBER 7 » 1L

0 F OH

©/u Base-3HF(1.5 eq.) ©)\/0H . ©)\/F
100 °C, 10 h, Toluene
1 2 3
Entry Base pK, (in MeCN) Yield of 2 and 3 (%) ? 2:39
1 DBU 24.34 55 67 :33
2 TBD 26.03 62 77 :23
3 MTBD 25.49 64 61:39

3 Determined by '°F NMR spectroscopy.

PLEX Y HF IZEH S8 2O EOHIEN 7 b A F OREHICTHFE LT D
ZEMWRMEEI NI, £727 I -3HF $ERA LT, KW TH 5 HHTRIEEE-3HF $EK
DIFTNT A A A DOREWERENZ E RSN E 72 o7, TS IEHET7- 7% HF-H S A D T
WA UHRE E 72D LD TH D, S 5T, HF-HEE AR %2 EARE KIS T 5 2 & T [HF 2 & TepE
WSO HF EIX ) NAffEL 720, Zhic k) T7 o FEFRMER 7o 2] BRI Z &N
HMEsns,
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