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Visiblelight promoting the synthesis of phosphinimides catalyzed by TiO,

ZHANG Yiwei, TANG Jingjing, WANG Yingqi, YU Xiaogiang"
( State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: Phosphinimides are widely used in organic synthesis, biomedicine and polymer fields. It is of
great scientific significance to develop a new efficient and green method for the synthesis of
phosphinimides. At room temperature, the reaction conditions for synthesis of N-(triphenylphosphine)
phosphonimide from 3-phenyl-1,4,2-dioxazole-5-ketone ( I a) and triphenylphosphine (Il a) catalyzed by
TiO, under visible light were optimized. The optimal conditions were obtained as follows: Compound I a
of 0.20 mmol, compound I a of 0.24 mmol, TiO, dosage of 20% (based on the amount of substance of
compound I a, dichloromethane of 3 mL, 12 W blue LED used as light source and reaction time of 24 h.
Under the above-mentioned conditions, the yield of N-(triphenylphosphine)phosphonimide was up to 97%.
And the range of substrates was investigated. The structures of product were confirmed by 'HNMR,
“CNMR and HRMS.
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ZHAFEE (DCM), AR, FHIERLE B A PR
Fl; Kk (DCE), 1,4-%/ 3%, NN-—H 3
Fthz (DMF ), AR, [ 254k 4G B A A
TiO, (P25), Jo/KBiFREN, AR, KT RHHEER{L
WAARAF; 4- BRI . 4-FORH A . 4-
TRORHEES . 3-FOR A . 4-H LR . 4-
AT R, ME I BESL . -2 A . —
I @RI . = @-F SR
FE-EORIDBE . —@-FORIE . ORISR ORI
T N 98%, T R AR A FRAA F

ZF-20D BUREFA LA TA, PL ST T4
F R/ T] ; DHG-9123A Rl #uie i s XT84, b
RS 2 LB A PR 7l 5 Avance 11400 HYHEE -3 4%
WELIE I, Bt Bruker A F]; G6224A JEAHG
TS/ RATH B BT A, PeE Agilent A,
12 BEBETRREL SRS R

§ _monmc 2 on L, oK
R “cl KCOLEAH,0 RN DCM /L\N,o

DL 3-2RHE-1,4,2- B -S-R( Ta) S Al
] 250 mL BB i A Eh R e ( NH,OH-HCI )
1.39 g (20 mmol ), J&7K K,CO52.76 g (20 mmol ).
ZFRZTE (EA) 140 mL, 7K 20 mL, 7E 0 °CJRIZN i
FEF AR EES, RS R 12 he RV 2585 H
KFRE, MR ORI 53] A YU A
EROKPE 3 W, FTCKBRLER SN T, WRIEZ, 155
A REL = it A4S P 8 i T A i Bk B 5, A3 2,41 ¢
FEm, WOR 88%:

] 250 mL BB A& 4r 0948 F R N
fi 2.60 g (19 mmol ), Je7/K DCM 150 mL. Z 4
FEF A ZBREEK e 4.62 g (CDI, 30 mmol ), 2
30 min, IV ZEHJGH 1 mol/L R WM RE,
DCM # B, 1592104 WA JCK R RREN T8 )5 , H
At EE G A, B TR RS 5 2.67 g IR B A4,
WA 86%

1.2.1 3-3525-1,4,2-—eBodk -5-8R 69 & 5%, 122 BpBh I i A A 89 A R,
B AN T s BN T TN
0
0’4 . 0
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DL N-(= 2R 5L ) 8 0 e ( T ) 1 65 18R 491
] 25 mL Schlenk fi A T a0.0326 g 0.20 mmol ).,
—RELBE (PPhs) 0.0629 g ( ITa, 0.24 mmol ), TiO,
0.0032 g(0.04 mmol ), DCM 3 mL, 7Ei#%%; LED( 12 W )
TFEWRBRE 24 h, HAPOCIE SRV AEECY 4 cm,
RNEEHRE, WEREZE, R (v(amiE) - (R
CWE)=3 ¢ 1) IREWANE R B R A4 )2 4 43 By 4l
A3 0.0880 g (A dib R A, 45 5 198~200 °C( 3
BR1E 195~196 °CP'), A 97%, 'THNMR (CDCls,

400 MHz), d: 8.35 (d, J = 6.6 Hz, 2H), 7.95~7.80 (m,
6H), 7.60~7.53 (m, 3H), 7.52~7.40 (m, 9H); CNMR
(CDCls, 100 MHz), §: 176.36 (d, Jo_p = 8.1 Hz),
138.71 (d, Jo_p = 20.5 Hz), 132.74 (d, Jo_p = 9.8 Hz),
132.29 (d, Je_p = 2.8 Hz), 130.74, 129.60 (d, Jo_p =
2.4 Hz), 128.74 (d, Je_p = 12.2 Hz), 128.48 (d, Jo_p=
98.9 Hz), 127.72,

N-(ZRIER)-4-HOR B (b ): [,
R 82%, 4k 180~182 °C ( SCAk{H 178~180 °C12),
'"HNMR (CDCl;, 400 MHz ), o: 8.38~8.28 (m, 2H),
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7.88~7.77 (m, 6H), 7.60~7.53 (m, 3H), 7.48~7.45 (m,
6H), 7.09~7.00 (m, 2H); CNMR (CDCl;, 100 MHz),
5: 17535 (d, Jo_p = 7.6 Hz), 164.83 (d, Jo_r =
247.8 Hz), 135.03 (d, Jo_p=23.3 Hz), 133.27 (d, Jo_p =
9.9 Hz), 132.40 (d, Jo_p= 2.8 Hz), 131.89 (dd, Jo_5 =
8.7 Hz, Jo_p = 2.5 Hz), 128.83 (d, Jo_p = 12.3 Hz),
128.40 (d, Je_p = 96.7 Hz), 11450 (d, Jo 5 =
21.3 Hz).

N-(ZREE)-4- ORI (e ). FfafE i,
R 78%, M5 163~165 °C( SCHRE 152~154 °CH),
"HNMR (CDCl;, 400 MHz), J: 8.27 (d, J = 8.5 Hz,
2H), 7.87~7.77 (m, 6H), 7.59~7.53 (m, 3H), 7.51~7.44
(m, 6H), 7.38~7.32 (d, J = 8.4 Hz, 2H); "CNMR
(CDCl;, 100 MHz), 6: 175.27 (d, Jo_p = 7.7 Hz),
137.28 (d, Je_p = 20.9 Hz), 136.84, 133.22 (d, Jo_p =
9.9 Hz), 132.41 (d, Jo_p = 2.8 Hz), 131.09 (d, Jo_p =
2.4 Hz), 128.81 (d, Jo_p = 12.2 Hz), 127.87, 127.76,

N-(REER)-4-OR R ( TTd ): A,
R 86% , M 156~158 °C( SCHME 145~146 °CP),
'"HNMR (CDCl;, 400 MHz), 6: 8.23 (d, J = 8.5 Hz,
1H), 7.86~7.81 (m, 6H), 7.58~7.54 (m, 4H), 7.51~7.46
(m, 7H); "CNMR (CDCl;, 100 MHz), J: 175.31 (d,
Je_p=71.7Hz), 137.70 (d, Je_p = 20.9 Hz), 133.19 (d,
Je_p=9.9 Hz), 132.40 (d, Jo_p = 2.8 Hz), 131.33 (d,
Je_p = 2.4 Hz), 130.83, 128.79 (d, Jo_p = 12.3 Hz),
128.68 (d, Jo_p = 99.2 Hz), 125.47,

N-(= R -3- AR H L (e ): A
A, &K 62%, Mk 142~144 °C, 'HNMR (CDCl;,
400 MHz), 6: 8.10 (d, J = 7.7 Hz, 1H), 8.04 (d, J =
10.1 Hz, 1H), 7.88~7.79 (d, J = 12.6 Hz, 6H),
7.61~7.54 (m, 3H), 7.52~7.48 (m, 6H), 7.41~7.34 (m,
1H), 7.18~7.12 (m, 1H); *CNMR (CDCl;, 100 MHz),
5: 175.00 (dd, Jo_p = 7.5 Hz, Jo_p = 3.0 Hz), 162.68
(d, Jo_r = 244.0 Hz), 141.36 (dd, Jo_p = 20.5 Hz,
Je_p=7.0 Hz), 133.25 (d, Jo_p = 10.0 Hz), 132.45 (d,
Je_p=3.0 Hz), 129.14 (d, Jo_r = 7.0 Hz), 128.84 (d,
Je_p=13.0 Hz), 128.20 (d, Jo_p = 99.0 Hz), 125.18 (dd,
chp: ch]: =3.0.2.5 HZ), 117.55 (d, ch]: =21.0 HZ),
116.44 (dd, Jo_y = 22.0 Hz, Jo_p = 2.0 Hz); HRMS
(ESI), m/Z: [M+H] " BE{H 400.1267, SEI{E 400.1264

N-(= R B ) -4- = U B B e (M f):
PR, 1% 98%, MR 142~144 °C, '"HNMR
(CDCl;, 400 MHz), J: 8.43 (d, J = 8.0 Hz, 2H), 7.83
(dd, J = 12.0. 6.8 Hz, 6H), 7.65 (d, J = 8.1 Hz, 2H),
7.60~7.54 (m, 3H), 7.52~7.45 (m, 6H); “CNMR
(CDCls, 100 MHz), §: 174.86 (d, Jo_p = 7.6 Hz),
142.05 (d, Jo_p = 20.3 Hz), 133.22 (d, Jo_p = 9.9 Hz),
132.52 (d, Jo_p = 2.8 Hz), 132.22 (q, Jo_r = 31.7 Hz),
129.88 (d, Jo_p = 2.4 Hz), 128.87 (d, Jo_p = 12.3 Hz),
128.04 (d, Jo_p = 99.2 Hz), 124.73 (q, Jo_r = 3.8 Hz),
124.40 (q, Je_r = 270.7 Hz); HRMS (ESI), m/Z:

[M+H] BB 450.1235, SZillE 450.1230,
N-(Z RS -4-H RO IR (Mg ): FIEE Ak,
W 77%, 1 160~162 °C ( SCHRE 159~160 °CP4Y),

'HNMR (CDCls, 400 MHz), J: 8.23 (d, J = 8.1 Hz,
2H), 7.84 (dd, J = 12.6. 7.4 Hz, 6H), 7.59~7.53 (m,
3H), 7.48~7.38 (m, 6H), 7.20 (d, J = 7.9 Hz, 2H), 2.39
(s, 3H); "CNMR (CDCl;, 100 MHz), J: 176.39 (d,
Je_p = 7.9 Hz), 140.81, 135.98 (d, Jc_p = 20.4 Hz),
133.18 (d, Je_p = 9.8 Hz), 132.18 (d, Jo_p = 2.8 Hz),
129.61 (d, Jo_p = 2.3 Hz), 129.02, 128.81 (d, Jo_p =
42.3 Hz), 128.53 (d, Jo_p = 98.8 Hz), 21.54,

N-(= AR -4- BT FR P RE (Th): A
R, R 64%, B 172~173 °C, '"HNMR
(CDCls, 400 MHz), 6: 8.28 (d, J = 8.2 Hz, 2H), 7.85
(dd, J = 123, 6.9 Hz, 6H), 7.60~7.53 (m, 3H),
7.51~7.40 (m, 8H), 1.34 (s, 9H); “CNMR (CDCls,
100 MHz), 6: 176.33 (d, Je_p = 7.8 Hz), 159.93,
136.05 (d, Je_p = 20.4 Hz), 133.22 (d, Jo_p = 9.8 Hz),
132.19 (d, Jo_p = 2.8 Hz), 129.41 (d, Jo_p = 2.3 Hz),
128.67 (d, Jo_p = 12.1 Hz), 128.62 (d, Jo_p = 98.8
Hz), 124.64, 34.87, 31.38; HRMS (ESI), m/Z: [M+H]"
PRIB (A 438.1987, SENI{E 438.1988,

N-(= R B )-2-wemy e e ( ). [
7, W& 73%, K 169~170 °C, 'HNMR (CDCls,
400 MHz), o: 7.82 (dd, J = 12.4. 7.2 Hz, 6H),
7.59~7.53 (m, 3H), 7.48~7.44 (m, 7H), 7.12 (d, J = 3.3
Hz, 1H), 6.42 (dd, J = 3.2. 1.6 Hz, 1H); "CNMR
(CDCl;, 100 MHz), 6: 167.94 (d, Jo_p = 6.8 Hz),
152.85 (d, Jo_p = 26.1 Hz), 143.95, 133.15 (d, Jo_p =
10.0 Hz), 132.32 (d, Jc_p = 2.8 Hz), 128.68 (d, Jo_p =
12.4 Hz), 127.91 (d, Jo_p = 99.3 Hz), 114.20, 111.26;
HRMS (ESI), m/Z: [M+H] B8 388.0925, SEifA
388.0925,

N-(ZREE-2- 25w i (15 ): A6 E A,
W% 89% , 5 5 168~170 °C( SCHR(A 187~189 °C12*),
'HNMR (CDCls, 400 MHz), 8: 9.07 (d, J = 8.4 Hz,
1H), 8.38 (d, J = 7.1 Hz, 1H), 7.88 (dd, J = 12.8. 7.7
Hz, 7H), 7.81 (d, J = 8.0 Hz, 1H), 7.60~7.52 (m, 3H),
7.52~7.39 (m, 10H); CNMR (CDCl;, 101 MHz), d:
179.14 (d, Jo_p = 8.3 Hz), 137.23 (d, Jc_p = 20.4 Hz),
134.11, 133.34 (d, Jo_p = 9.9 Hz), 132.37 (d, Jo_p = 2.8
Hz), 131.65 (d, Jo_p = 1.4 Hz), 130.52, 128.88, 128.76,
128.14, 127.93, 127.29, 126.29, 125.42, 124.87,

N-[ = (4-HHER I BE PR B (K ): HE
A, IR 75%, 45 55 182~184 °C, "THNMR (CDCl;,
400 MHz), J: 8.28 (d, J = 6.8 Hz, 2H), 7.64 (dd, J =
12.4. 7.6 Hz, 6H), 7.34~7.28 (m, 3H), 7.27 (d, J= 8.2
Hz, 6H), 2.40 (s, 9H); *CNMR (CDCl;, 100 MHz), §:
176.25 (d, Jo_p = 8.0 Hz), 142.66 (d, Jo_p = 3.0 Hz),
138.98 (d, Jo_p = 20.4 Hz), 133.20 (d, Jo_p = 10.2
Hz), 130.54, 129.58 (d, Jo_p = 2.5 Hz), 129.43 (d,
Jo_p=12.7 Hz), 127.63, 125.52 (d, Jo_p = 101.3 Hz),
21.67 (d, Jo_p = 1.4 Hz); HRMS (ESI), m/Z: [M+H]"
PRI AH 424.1830, SZiI{E 424.1825,

N-(4- PR 5L T ORI A R e e ( T): H
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A IR 83%, 45 15 112~113 °C."HNMR (CDCls,
400 MHz), d: 8.36 (d, J = 8.1 Hz, 2H), 7.85 (dd, J =
12.3. 8.4 Hz, 4H), 7.73 (dd, J = 12.2., 8.2 Hz, 2H),
7.59~7.52 (m, 2H), 7.51~7.37 (m, 7H), 7.29 (dd, J =
8.1.2.9 Hz, 2H), 2.41 (s, 3H); "CNMR (CDCl;, 100 MHz),
5: 176.40 (d, Jo_p = 8.0 Hz), 147.98 (d, Jo_p = 2.9
Hz), 138.82 (d, Jo_p = 20.4 Hz), 133.34 (d, Jo_p =
10.4 Hz), 133.26 (d, Jc_p = 9.9 Hz), 133.23 (d, Jo_p =
2.8 Hz), 130.74, 129.65, 129.57 (d, Jo_p = 10.4 Hz),
128.78 (d, Jo_p = 99.1 Hz), 128.75 (d, Jo_p = 12.1
Hz), 127.75, 125.00 (d, Jec_p = 100.8 Hz), 21.76;
HRMS (ESI), m/Z: [M+H] FEiE{H 396.1517, SZME .
396.1516.

N-[=(4- TP B R A e i ( TTm):
A, R 62%, Ml 174~175 °C, 'HNMR
(CDCls, 400 MHz), 6: 8.33 (d, J = 6.6 Hz, 2H), 7.77
(dd, J = 11.6. 8.8 Hz, 6H), 7.48~7.34 (m, 3H),
7.01~6.93 (m, 6H), 3.84 (s, 9H); *CNMR (CDCls,
100 MHz), 8: 176.07 (d, Je_p = 8.0 Hz), 162.57 (d,
Je_p =2.8 Hz), 139.02 (d, Jo_p = 20.4 Hz), 134.94 (d,
Je_p = 11.3 Hz), 130.48, 129.47 (d, Jo_p = 2.5 Hz),
127.59, 120.00 (d, Jc_p = 105.9 Hz), 114.24 (d, Jo_p =
13.2 Hz), 55.37; HRMS (ESI) , m/Z: [M+H]" (4
472.1678, SC{H: 472.1674,

2 #HR5WR

21 RREE#HHK

FEHR 122 WL, Ulaflla HEY
VENBERR SR, PRFF M AR AR, 2 RIS 55
TiO, FH it | S s [) X6 = 4% i Jgle ok i A s o7 B4 52 i)
gEIRINFE 1 iR,

£ RPIAFALT

Table 1  Optimization of reaction conditions”

5 Tio, HE/% el BREIA %

1 0 DCM 12 4

2 5 DCM 12 42

3 10 DCM 12 66

4 15 DCM 12 78

5 20 DCM 12 84

6 20 1,4-Z 5N 12 IR

7 20 DCE 12 26

8 20 2R 12 18

9 20 DMF 12 AN )

10 20 CH;CN 12 IR

11 20 DCM 24 97
127 20 DCM 12 6

O Ta0.2mmol, [Ta0.24 mmol. TiO, & (LA
La ¥ iiiit, T, SHHE 3 mL, EEEGCLED (12W)
THERE; @aBkeE, TRH; O#b.

FEER T, BA AT Tio,, YRR 4%
(JF5 1), BlE, XHEAR AT T HE ()P
2~5), ZERFH, AKIHE R 20%0] 1 5 80R
BAf, BER=H 0 B IBCRE 84%, LA, BT
ZJE (CH;CN ), DMF, 1,4-—4% /3. W% DCE.
DCM X} SR [ sE M (P55 5~10), 558K, K
£ DCM R fedr (J¥%5 5), ML E DCM
AR R R o i T iE— SR meR, 1K N
BF ] 28 24 h, &80 H AR =P ISR S 97%( )75 11 ),
T RS, IR 6%(F5 12),
SEIRM, T WA O i AR R A TR .
Hit, #E T Ma Stk 1 a 0.2 mmol.,
Ta 0.24 mmol, TiO, J#& 20%. DCM 3 mL, 12 W
WOt LED 7EAGIR . T OV 24 h, FesieRnf
ik 97%.
22 EEEWEH
221 Rk RLE

FERAEM N 2 T, 88T A A A R U 3
O P VARG G N G N L S
AU H 3 S 0 T O IR B RE A A AT R iR
(Mb~F), JuHIEXFHE A = 0 3L 1Y 55 PR mm
B (Mf) #3380 TS BeR (98% ). AN, KIF
XEOLEA . T HERB TR (Tg. Th),
WAAF T BRI (77%. 64% ), XEIIFHHE—
P 7 N U S R T v S e Y S i i
B W L FHUR S (e ) AHEE T2 (b ) R,
WCRTEAR, X F WA SN 3725 A7 PR . Bbak, %
TR R (i, M) REBEESRS SR,
PIRE T A N ENCE (73%. 89% ).

2 TRBMAER 4G R

Table 2 Scope of dioxazolones

FFe 5 FHk WS TR 7 /%
1 la Ma 97
2 Ib b 82
3 Ic Me 78
4 Id d 86
5 Ie Me 62
6 If Imf 98
7 Ig Mg 77
8 Ih IMTh 64
9 Ii i 73
10 I M 89

222 =FAMERTEHE

TERAER B AAE T, B8 T Al A R UG
= IF R BONEIE A (3R 3). ARERXFALAT A T EE |
HAASESE AT ((Mk~m ) 35976 5 RAF IR
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(62%~83% ). SRMI A IR R F WA . AFEX
FHRMA (Mo, Mo ) WKW AKINE HEsr=4,
M HARIE Tz ik

3 SIOF AR R
Table 3 Scope of triphenylphosphines

P = 5 gk 74 /%
1 Mk Mk 75
2 1 1 83
3 I'm Mm 62
4 In Mn —
5 Mo Mo —
TE: =" RIE H AR

PLE s g 4 A A T B S J9 % Curtius HHEr™
Yo IRYIH LN R 3-973-1,4,2- T IRGmE-5- | 3%
A W FEL - A X s o B A A v, HL 53
it BBCA R 32 ) L 50 X6 S O B S S R, A

0 B SR RE Hh = AR R R T Ti-P SR TS B ]
PRSE e it 7
3 #Hig

ARIHRE T EE T, AL Tio, itk =7
FEME AN 3-55 31,4, 2- - mEme- SR A AR I 2k
BN . 58 TARAE R & . 7300 Foh 2 A s g
B[] % S W OS2, B8 A B NV-( = 2R SR ) % HY
W B e P 2 F R 3- TR -1,4.2- G ik -5- i
0.2 mmol, =M 0.24 mmol, TiO, K 3-8 K-
1,4,2- % -5- [ ) BT i i 1 20%, DCM 3 mL,
12 W 5% LED YE A6, iR 24 ho sfisk
PF T BEIE I e 2 Ak A5 9 B e i R P38 97%. 1 F
TN I T B . SRR, R A R I e
FALE PP T — S0, IRAT SR T

SE k-
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