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Abstract

To design and synthesize new phosphorus-fluorine-containing compounds, and to study their proper-
ties, two compounds, PhP(0)Fz and PhzP(O)F, were synthesized from diphenylphosphine chloride and
phenylphosphorus dichloride through a simple halogen exchange reaction. Their structures were
characterized by single-crystal X-ray diffraction, 1H, 31P, and 1°F NMR spectroscopies. Additionally, their
antibacterial activity was screened against two Gram-positive bacteria (Staphylococcus aureus) and
Gram-negative bacteria (Escherichia coli), revealing that both compounds exhibited good antibacterial
activity with minimum inhibitory concentrations determined.
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1. 53|

A A TE NI T2 N L], TR AR S T TN F B S R AR A S —. 1E
XFPEOUR, B 8O IT R R AT SN [2] . & F R 7 308 U F W 51 s T A L& i
JR AR [3], it PR LR AR (O IR VA ME A AR imaE M, = ST IE(-CRa) W TR 2 g5l R 254
2020 ERFFL T 5- =5 H 3-2- RS A R X0 & J s 45 M 3R AE B L M (4] TR, %Ak S TE
H] R AL T ORIR A A, R P BE . EUREE IR A E VIR R SE e,
TEA A N A E I AR YE[S] . SR EMTEZ D ER R TN 2. BT, 29 25%0) 240
YIS ARG T, XY TP PUE. PURTEEZ IR, AN, SR EMTEAR AR R
SR AT Z N, BRI SRR R R AW . B AW A o A LA R S SR R
Fo N L, HGT LR EAS T —Le 2 . David V. Partyka %5 Afd 4 ) o7 FELEC K (BSR4 DmpPR:
(Dmp =2,6- 8] ZFUT HERHE; R=H; Me; C#il# | — RIEEW{AUCIHEC &4, [RINHS F stk A
FAL T T — PR R 2 S AR PR AT 1) R 05 5L B DmpPR, [6]. X SRR AN SRAL ST R A
FRAEAL TR SRR, FRE A SRR T N Ty IR [T TS T A HLBE S 5 R AR
71| Selectfluor HIFRAL B, REAZ PN AP RA . 53 B FOE S 3R IE 1 R & i T 2 M - 4
TS IEABERCAA[8], F B AL A PRI BE TR G R A T RTINS . B 2 B AL S AR TE HE A [9]55 U TH
HBEATRAE[10] [11] RUE S FAEMTEZ AU R I BRI 77, (A3 A BTG — Se bkl . 250
(R FRAY 7 2 i T A A A, SRR EORR,  BRIE BT R B 2 R AT IS, WA e i = R
T XHIIN T A O FR I KU AR T SRR A

WO T B R B A S TS OOR AT SRR ST L BB PR R B HOMRR I R S FRATTE R T
FRBT B RAL G, S50 A B R AR E I B R AR S AT T 3RAE A ERAE(PH . 3P 1F NMR),
PRFRAL G 0T 4 8 €0 7] 267 35K BRI K I A T R4V R E PR EAT 1 0fIE , AR 3 1 SR /NI B S 1A

2. SEERERSY
2.1 WIS

8 SR b al, BRAEREI UL, 750 a2t — b alifh B a] B o 18- k-6 (99%), %%
Mif 5 A2 ALE KF (99%), il fhas; oRFESELIIE(98%), i &tk “REE &b (98%), %
i & s ZRE(Grirat), REREMFERT) .

BT A 4 4 BGEAE 1 KR v B Schlenk 35 ARLE BUSARS T 34T

NMR 2@t Bruker ALX 400 #Z W3R OO E . HL 3P, 19F M4 58 400 MHz. 162
MHz. 377 MHz. 54583853 Bruker APEX-II CCD 52 .
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22. ABEBERENSYHNSH

2.2.1. [PhP(O)F2] B & BR,

7£ 20 ml 0.1 mol/L 18- E%-6 1] ZNE¥H R+, A 2 ml PPhCI2 (55 mmol )#1 0.6471 g KF (111 mmol),
IR 48 h, N FE AR RIS B S NN A R AR UTBE AR R, FLUWLEE— B[R] P s 2R H 1 ]
AT, KHHEHGEIE, BBEEER, 2~8 IRIREGIREE 10 h J5, By EEA K E T A% H &
i, K E, T BT, BRIEFY, R EPeR . 773 43% 'H NMR (400
MHz, MeOD) § 7.85~7.75 (m, 2H, ph), 7.59~7.43 (m, 3H, ph). 3P NMR (162 MHz, CDCI3) §30.29 (s), 29.73
(s), 29.42(d,J=92.0 Hz). F NMR (377 MHz, CD30D_SPE) ¢ —154.86 (d, J = 20.0 Hz).

cl o
II) 0.1 M 18-crown-6 in CH;CN ]
_— S
©/ ~c1 + KF F II)
F

2.2.2. [Ph.P(O)F]BY & R

BRITES 120 MRINEY) 1 G 7 AL, A6 30 m1 0.1 mol/L 18-7itfik-6 1] £ 5
B 1 ml PPh.CI (27.5 mmol) £ 0.32g KF (55 mmol), JN#ZE 60°C, JeSdMEFE 4 he KN4 H G
PR E A EITE S E Y 1 AR, 33 B AR, AT EEP PR, 773 52% 'H NMR (400 MHz,
MeOD) & 7.84~7.74 (m, 4H, ph), 7.59~7.44 (m, 6H, ph). 3P NMR (162 MHz, MeOD) ¢ 28.40 (d, J = 5.1 Hz).
19 NMR (377 MHz, DMSO) ¢ —148.26 (s).

o

Cl
| 0.1 M 18-crown-6 in CH;CN 1]
©/ P\O + KF —— > F—P

23. a1, 2 1 X-SHERRIEFETS R

BN G A& BRI, AT s @R Bruker APEX-1I CCD A7 S U4 (Mo Ka (4 =
0.71073)), MIRIEE 296.1 K. Hudli K BHESEMAT, H F2 A5 MG Rk AT 45 40 L RS 15
(SHELXTL) [12] [13], BR¥A0 o850 e SRR 73047 & 1 S s, AP EEE 7347 28
. WED 1 S5EY 2 MRS BFRIEEIRERE 1. LED 1 k&) 2 i1 CCDC 54518
2413193, 2413194.

3. R5118
3.1. &% PhP(O)F; (1) F1kEH Ph.P(O)F (2)BY R IEL iR

A PhP(O)F2 (L)AL &%) PhoP(O)F (2) (G4t AL &Y 1 FIA- &4 2 ARFR) I 4l kg di i B i X-
SN AT VR RAE . AW LB TRITE R, 2 HFN Pbca, HEMWE 1 s, BH—MEETA
Hol, FREEZE AR FARETM—NEET. BT =MBEARSARE, S, FIEg
TR, B BN 1.553(3) A i 1.543(3) A, FFABERAE RISV . BhAh, BT SRR TR G
PEAR SR, B O 5 5 SRR T I N, B 1.501(3) A, AR IR T RS S 1) AR DU LA £ A4
F1-P1-F2 §# iy 122.2(3)", W& KT Wb 5 S8R 1 B B B 4 (111.67(16)° 1 111.63(17)7). H&W) 2 J& T
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PR AR, ASEREN P21/, FASHIIE 2 fron, A AR S OB I s S s, B

v 1.7893(16) A A1 1.8000(18) A. tt4h, it —MNRIE T SR T

+
@y,

T B SR, BEEC Ty 1.5514(14)

A5G 1200 B 2 tEESRUKIVE R Rt 1 3 A A8 i S0 0, L Ui 1y 1.5011(13)
Ao HEERNZ, 1AW 2 MBS B R RN JE A0 117.00(8)°, k&9 1 R K. K
3, 43R0 E LR 2 B R ARHERR . MR EEER T LR i, (&Y L FL &Y 2 4RI
wammAErE, RIHLREMETEA. BE T My 0 . X R M vT A5 0 R 0 s PR AN
BeAL U IR 55 . Bltn, R 776 S8R TR Ron s, e i itt, & 83E465E P-0 K,

HIGINEE IR . [FIET, B RUEE 0T Bt 52 205U TR U e i e, S8 P-F SR g ik ). & 2
A 3 MG L FLEY) 2 TR BB AR .

Table 1. Crystallographic data of compounds 1 and 2

=1 HEW L FEEY 2 WRKFERE

Complex
Formula
Formula weight
Crystal system
Temperature
Wavelength (A)
Space group
Unit cell dimensions
a(A)

b(A)

c(A)

o)

BC)

)

V(A3
z
Calculated density (mg'm™)
F000
Crystal size (mm?)
Limiting indices

26 range for data collection (*)
Radiation
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [l > 24 (1)]
Final R indexes [all data]

1
CsHsF20P
162.08
orthorhombic
296.15 K
0.71073
Pbca

11.198(5)
8.034(3)
15.759(7)
90
90
90
1417.9(11)
8
1.519
657.3
0.2x0.18 x0.16
-14<h<14
-8<k<10
—-20</<20
5.16~54.94
Mo K\a
8229
1625 [Rint = 0.0513, Rsigma = 0.0390]
1625/1/91
1.053
R1=0.0641, wR2 =0.1804
R1=0.0975, wR2 = 0.222

2
C12H10FOP
220.18
monoclinic
296.15 K
0.71073
P21/c

11.4536(18)
6.0864(10)
15.759(2)
90
99.898(2)
90
1082.2(3)
4
1.351
456.7
0.2x0.18 x0.16
-15<h<14
—8<k<8
-16</<21
5.24~59.38
Mo K\a
7174
2844 [Rint = 0.0230, Rsigma = 0.0285]
2844/2/136
1.027
R1=0.0456, wR2 = 0.1304
R1=0.0566, wR2 = 0.1433
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Figure 1. Crystal structure diagram of compound 1
B 1 e 1 maAEEE

Figure 2. Crystal structure diagram of compound 2
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Figure 3. Crystal stacking diagram of compound 1 along the a-axis direction
E 3. (L& 178 a A AR IAHERE
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Figure 4. Crystal stacking diagram of compound 2 along the c-axis direction
4. LAY 236 ¢ B R R HERE
Table 2. Selected bond lengths (A) for PhP(O)F2 and Ph2P(O)
F2 UEY1IEKEY 2 EK
Complex 1 Complex 2
P1=01 1.501(3) P1=01 1.5011(13)
P1-F1 1.553(3) P1-F1 1.5514(14)
P1-F2 1.543(3) P1-C1 1.7893(16)
P1-C1 1.781(4) P1-Cla 1.8000(18)
Table 3. Selected bond angles (deg) for PhP(O)F2 and Ph2P(O)
=3 UEYLIEHEY 2 EA
Complex 1 Complex 2
F1-P1-01 111.67(16) F1-P1-01 117.00(8)
F2-P1-F1 122.2(3) C1-P1-01 109.90(8)
F2-P1-01 111.63(17) C1-P1-F1 103.31(8)
C1-P1-01 106.86(17) Cla-P1-01 110.71(8)
C1-P1-F1 110.64(16) Cla-P1-F1 107.34(8)
C1-P1-F2 108.36(17) Cla-P1-C1 108.04(7)
C2-C1-P1 107.50(18) C2-C1-P1 120.52(14)
C6-C1-P1 119.0(3) C6-C1-P1 119.64(14)
C2a-Cla-P1 119.15(15)
C6a-Cla-P1 121.51(14)
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3.2. &Y 1M 2 MERERIE

A 1 IR #E 7.85~7.75 ppm A 7.59~7.43 ppm AL 5 NER T, B3k B T 2E3h . [ARE,
&Y 2 IR EEAE 7.84~7.74 ppm A1 7.59~7.44 ppm B AL A T /ME S0, 36 10 MEJR T, BIAEI
A XRERFMEY) 2 KRS EAAENFRECE I 05, SBHER FESE h RIS 12
% B, (LAY 1A 2 R RERR S 2 BT 1A 2 AR 1 B A AR5 B i 255545 E T R AE AN
Y. Hdr, fh&) 1 7E 30.29 ppm 1 29.73 ppm £ E % H —ANHRIE, 7E 29.42 ppm AL EA —ANd g,
e A ) =920 Hz. {b&W) 2 7 28.40 ppm ARG —Ad g, #EH I =51 Hz. KU, A1
M2 R JEFY 45 A, AR EAL (V) ARG, JERIE R ETAER:, AR Ky
Fah. [FIN T 25 R T IR 3 B i d IEIIETE, KAEMEG . &Y 1 MR REIE,
7E-154.86 ppm 7 B > d g, HEAHEON I =20.0 Hz. LAY 2 7-148.26 ppm Abf5 — Mo, L4k
REWT MG H BE T I, IF B HAEA X .

33 & 1 LS 2 RIBEEY

a1 G 2 X RT3 A& o8 B AT BRI S R I R i B vE . BRI S, (e 1
Xof KA 1 1) e /NPT R P (MIC) S 6.78 mg/miL, 1T X6 4 3% (2,38 25 BR 8 ¥ MIC BN 4.32 mg/mL. LA
2 %6 T R P T 1) s /NS B 9 2 (MIC) R 5.26 mg/mL, 177 %o 4 35 €00 78 7 BR 8 10 e /N R (MIIC) 2y 3.89
mg/mL. XECEHRF PG 1 FIEY) 2 1R R BE N A R h X A4 3w 1 A, R — 2 1)
PO /7o AHARE T HoAh— 2 G B b B &9, W-RIRE R, HEXT KB E R MIC {Hh 24
pg/mbL, X&F OB ERE K MIC {58 3 pg/mL [14]. MBS, L&YW 1 ALEY 2 MPTHERURE
5. WALEY LAY 2 B — g PR, HREH DA DS S AT R IR

4, gig

ARSCIE I DL AR BN JFURE, SRR AL N R, IF IR RS AL 77 (18- e T -6) K 42 i
PCHRAEA DL AR L, & R T PR & U 5 I AL 54 PhP(O)F2. PhoP(O)F, Jfitid f i
X-SHERATHAL, THL 3P. FNMR G HEAT PRI R AE . 1 T3 7 RA IR SR 71, HLSIAH]
DA 25 B8 7 T RO PR BT, TS AL A A ) 22 PR RE o[]S 9801 6 H B PR AT/ 242 R A ROt
AR T T AT AR, AT REE I R TR AT, (A D B A AR SR A
JREIPRL S PhP(O)F2. PhoP(O)F, HA RUFIMHE . ASCE W BB IR, Bt I m
THR SRS, IR HAT 7RAE, RN 7 HANEEE, RS T T Pl &
VOIS TR BT, D R R R R AL A R A T PR S
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