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NLAEAFHEAT T AA . S5REW], 24 n(NBS) : n[3-43%-4H-57E#-1-01 (Ma) 1=2.0 : 1, Ma0.09 mmol, HIEEN
2mL Bf, 7€ 25 CFRI 7h, P=YVa IR 90%, 78 LR N &AM T, WrlEil (80%~90% ) 15431
SO 1-FEAT Y . PRS2 "THNMR . *CNMR I HRMS i
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Halogenation oxyalkylation reaction of isocoumarin derivatives

SUN Huimin, HE Yukai, CAO Yang’

(Jiangsu Key Laboratory of Marine Pharmaceutical Compound Screening, Jiangsu Ocean University, Lianyungang
222005, Jiangsu, China)

Abstract: Bromination oxyalkylation of isocoumarin derivatives at 3,4-position with N-bromosuccinimide
(NBS) or N-chlorosuccinimide (NCS) as bromination reagent or chlorinated reagent, alcohols as solvent
and raw materials was realized. Isochroman-4-one derivatives with potential pharmacological activity were
synthesized by addition reaction between 3,4-sites at room temperature (25 °C). The reaction conditions for
the synthesis of 4-bromo-3-methoxy-3-phenylisochroman-1-one (IVa) were optimized. The results showed
that under the conditions of n(NBS) : n[3-phenyl-4H-isochroman-1-one (Illa)]=2.0 : 1, compound MMa of
0.09 mmol, methanol of 2 mL, reaction temperature of 25 °C and reaction time of 7 h, the yield of
compound [Va was up to 90%. Isocouman-1-one derivatives with high yields (80%~90%) were obtained
under the above-mentioned conditions. The structures of products were determined by ' HNMR, *CNMR
and HRMS.

Key words:. isocoumarin derivatives; halogenation oxyalkylation; isochroman-1-one derivatives; addition
reaction; fine chemical intermediates
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Villiger 401k 5 HE 52 A R T — 28 91 5 60 1 4 A loe we A e O MeOH
B, RTTZIZ A HARRR . AR, Sfixf  ROGEOOMer b TeT  YNp
52 S R R R B AR g e A0, 2011 4F la~If
EGAN 4601215 o 53 45 70 1 5 6 A m@iTH@&W,wj?ﬁﬂﬁiiﬁﬁ
GACTHEA T 4R IE R - 1. AT, 257 Sre 7Y BeRemRe ey

W& 4 PR, AR RN, 2018 4, RYU
WL = 2 e RS R, FEdE 48 v 4
RSB T AR 2 R B AL IR S ROV, (HIZ R
N e AR v R PR R AT, TR LA R S R
ZRR . 2021 4, sk RS S-0 A E Sk ] 2K
s HEE MY, it Claisen EHERIVA M T 3-
P - 5P k- 7- B R S € - 1 -, 3% ) g EL AT IR A
U BRI SRR, HAE N R i Claisen
FH N B R A, T EA G B T R4 548
B FEFE B R et — 5 B A SR A MBS Ry, (T A7
P B EAN S, I RRAIR T 7=l s>

RIS/ G EZRAEYENEY, =R
(25 °C)F 5ifbik#] N-IRAE T %6 % ( NBS ).
N-ZART Wt e (NCS) MBS A 3.4-
DLEIMBL R, 5E 42 B — B AL il S 0 3 - 1-Bi 25 Ak &
Y, ZREAERN A, RIS E & AT
REMIALEE, DIITEIE 4 8 TR B 4 1 TR —Fhak
GBI T Ak JEURHE HG R I A A VEAE
G PRIE M - - S T, ATl Ak
PREEEERE T

1 LIEH

11 KFENEE

AR F R FRR , AR, Heq5 BE 2GR A FRA #
ROH . WL (Cul ), NCS, AR, FHiTfb#
AR AERAR; —H TR (CFSOsH), —
AIEWE (PPhy ), AR, Judifbs®: ( i) BHEH R
/y7l; NaOH, NaCl, Na,CO;, HfiE (MeOH ), &
. A (60~90 °C ). LMRAHR . AWk, IE
THE, AR, B fE THIRAA; WMo, =
TACHIEE . #eEhma . NBS. XFHIEEZE Z He | [A) B AL
WO A- IR P TOOKBER BN . B R AR
( Pd(OAc), ). S-{R-2-BEH R HEE, AR, FisH
Bl (B A RS A iR A2 AR
(200~300 H ), H&%\FEALTARAFA,

Avance I 500 MHz W% w5 3R g 54, 1%
Bruker /A ] ; Q Exactive HF ¥ 5 BX X (ESI &
TR ), FEFEERCHRBHE AR,

12 BHAE
121 FAai£4m4id (Ma~llf) 494 m%

S GEEEAEY (Ma~Tf) A4 R I SCik

[18-201iE4T7, JEW & B Z AN T R

(6] IMd: R' = H; R?= 3-Methylphenyl
Ma~TIf e: Ri= H; R?= 4-Methylphenyl
I f : R'= H; R*>= 4-Ethylphenyl

VIRY) 3-8 -4 H-S 038 - 1-00 ( Ma) &k
i o ] 100 mL 5] JEC K H AR In A LR IR H R Y i
1.0 g( 3.80 mmol ), PPh; 0.1 g( 0.38 mmol ). Pd(OAc),
17 mg (0.075 mmol ). Cul 14.5 mg ( 0.076 mmol ).
=R (20 mL ), 7E No 4P T A 5 min, 28
Ja AR LR 465 mg ( 4.56 mmol ), 60 °C R ¥&#E M
MR R . AR SR, A CH,Cl, 30 mL
Pk, FHKME 3 Wk, JoKBREREN T4, UE, WE
RN, B ZH (VCAaWE) - (CRE
fig)=100 : 1 )4k, HZ415 710 mg B EAIHPRY) 2-CK
I HRHE ( Ta), WK 79%.

Btk &9 1 a 236 mg (1 mmol ) & TIRGHEH
(20 mL FIEEA 10 mL ZF ) H, A NaOH 7 mL
(2mol/L), 7EE I FHiFE 2 h, #)Z 6L (TLC)
W R A IS R R G o AR B WIT 30 mL
Kb, AR ZERVES 2 ¥, kI H 1 mol/L 4
R IR 2 pH=4~5 J5, MLMR LT, WHEH
BUAH, JCoKGRIREN T4, DR M 4a 15 (1 6 [ {4 2-CF
LB (a) 196 mg, WK 81.4%, Kk
119~120 °C,

P& Ma 110 mg ( 1 mmol ) ¥ T 3 mL =3
Hila s, 6 hJj5 TLC Yo, BRSO R e T e
SEBR Sk SN I IR E K R, AT Na,COs,
I B, B OERAER 3 W, PR
I NaCl RS, JoKBRRM T, WERSES
93.5mg thEWlla, W 85%, Miri: 75~77 °C.

IR &9l s AR B, il R ER A
AR 1) R LR HE R HR R 2R B i R b 25 b &
Y pEpe] Hodr ) 3-F - 4H- R 8- 1-FR (b ),
R 91%, M. 71~73 °C; 7-MR-3-KH-4H-F 0,
Wi-1-F1 ( Mc), W% 90%, #5: 187~189 °C; 3-(3-
FH LK) -4 -5 (- 1- ( TTd) YR 80%, J4& i
72~73 °C; 3-(4-H FRIL)-4H-S A i-1-H (e ),
R 79%, ¥ 106~107 °C; 3-(4-Z FEAHL)-4H-
SEEE-1-H (Tf), WOR 75%, #Em: 52~54 °C,
1.2.2 & ih-1-B K47 £ W 69 5%,

B ST PR

G
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X
R NBS/NCS,R'OH o, SR
0 0
0
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Ma~1If
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IVa: M a, R*=CH,; G=Br;

IVb: Ml a, R*=CH,CH,; G=Br;
IVc: M a, R®=CH,CF; G=Br;
IVd: Ma, R*=(CH,);CH;; G=Br;
IVe: la, R®=CD,; G=Br; IVk: e, R*=CH;; G=Br;
IVf: Ma, R*=CH,; G=C]; IV1:1f, R*=CH,; G=Br

Ph4-J8-3-H A -3 - R R A - 1-0 (IVa) 1)
A R B E A TTa 20 mg( 0.09 mmol ), NBS 32
mg (0.18 mmol ), HI[E 2 mL FRNIAEH, 25 °C
TAEFE 7 h, TLC WM , S 45 1k Je B 420 i A
=8 [ VCaRTEE) « M(CTROTHR)=60 = 1] #fr4lifk,
2435 27 mg Hbrr=PVa, 1 E AR, I 90%;
Y. 168~170 °C, '"HNMR (500 MHz, CDCl,), d:
8.24 (d, J = 7.7 Hz, 1H, Ar—H), 7.69 (dd, J = 11.7.
4.2 Hz, 3H, Ar—H), 7.59~7.50 (m, 3H, Ar—H), 7.48
(dd, J=7.2. 4.3 Hz, 2H, Ar—H), 5.33 (s, 1H, Ar—CH
—Br), 3.16 (s, 3H, —OCH;), CNMR (125 MHz,

CDCl;), d: 162.54, 139.61, 136.32, 134.46, 130.60,
129.53, 129.38, 128.54, 127.99, 123.35, 105.83, 52.89,

48.83, HRMS (ESI), m/Z: [M+Na] HiB(E 354.9940;
MY 354.9940,

B Ma ik 50 4%, 97 K% 1.0 g 4.5 mmol ),
P44 NBS 1.6 g (9 mmol ), HEE 30 mL Il A [ JIE 4%
Wb, SRR 7 h, 4ifb)5Em Y NVa, 3 KL
AR =4y 1.364, 1.379, 1.348 g, BUF
PHEJEWOR TR 91%.

WEWN a~ V1 Byl &t B2 H E, 205 DL A
Ma, Mb. Mc., Md. Me. Mf NEY, FELARK
N ST il

Pillla, B, NBS JlEkh, 42 AEK 4-
TR-3- A E-3- 2R3 S A0 -1-10 (Vb ), W% 88%:;
Y55 161~163 °C, 'HNMR (500 MHz, CDCl), d: 8.23
(d, J= 7.6 Hz, 1H, Ar—H), 7.73~7.69 (m, 2H, Ar—H),
7.67 (dd, J=7.6.1.3 Hz, 1H, Ar—H), 7.55~7.46 (m, 5H,
Ar—H), 5.32 (s, 1H, Ar—CH—Br), 3.57 (dq, J=9.8.,
7.1 Hz, 1H, —OCH,—), 3.32 (dq, J=9.8. 7.1 Hz, 1H,
—OCH,—), 0.95 (t, J = 7.1 Hz, 3H, CH;). CNMR
(125 MHz, CDCly), 6: 162.81, 139.75, 137.17, 134.34,
130.42, 129.38, 129.27, 128.43, 128.09, 123.43,
105.70, 77.27, 77.02, 76.76, 61.62, 49.10, 15.12,

HRMS (ESI), m/Z: [M+Na] #i& {4 369.0097 ; I3 (4
369.0099,

Pila, 2,2,2- =35 LB . NBS Mk, H3H
o EAR 4-1R1-3-(2,2,2- =9 A SE)-3- 2R3 S (A6 -1-
il (Ve ), I 85%; 44 5: 156~158 °C. "HNMR (500
MHz, CDCl3), 6: 8.22 (dd, J = 7.8. 0.6 Hz, 1H, Ar—
H), 7.72 (d, J = 1.3 Hz, 2H, Ar—H), 7.70 (dd, J= 7.6 .
1.3 Hz, 1H, Ar—H), 7.58~7.53 (m, 4H, Ar—H),
7.53~7.49 (m, 1H, Ar—H), 5.40 (s, 1H, Ar—CH—B),
3.86 (dq, J=11.8. 8.5 Hz, 1H, —OCH,—), 3.59 (dq,

IVg: M a, R*=CH,CH,; G=ClI;
IVh: Ib, R*=CH,; G=Br;
IVi: ¢, R*=CH,; G=Br;
IVj: Md, R*=CH,; G=Br;

J=11.8.8.3 Hz, 1H, —OCH,—). >CNMR (125 MHz,

CDCl;), o: 161.57, 138.87, 135.39, 134.71, 134.71,
130.61, 130.24, 129.69, 128.92, 128.01, 122.87,

105.33, 62.86, 62.58, 47.81 , HRMS (ESI), m/Z:
[M+Na] Bl (H 422.9814; IMHX{H 422.9819,

Dillla, IETEE. NBS JJsigl, 753 5@ 4k
4-JR-3-T A BE-3- R B S Al - 1B ( IV ), 103 80%;
Y505 . 55~57 °C, 'THNMR (500 MHz, CDCl,), : 8.20
(dd, J=7.7. 0.5 Hz, 1H, Ar—H), 7.67 (dd, J= 7.2,
4.4 Hz, 2H, Ar—H), 7.64 (dd, J=7.6. 1.3 Hz, 1H, Ar
—H), 7.53~7.43 (m, 5H, Ar—H), 5.30 (s, 1H, Ar—CH
—Br), 3.48 (dt, J=9.6. 6.8 Hz, IH, —OCH,—), 3.21
(dt, J = 9.6. 6.3 Hz, 1H, —OCH,—), 1.36~1.18
(m, 2H, —CH,—), 1.08~0.95 (m, 2H, —CH,—),
0.69 (t, J = 7.4 Hz, 3H, CH;), "CNMR (125 MHz,
CDCly), d: 162.82, 139.75, 137.03, 134.31, 130.33,
129.37, 12927, 128.44, 128.04, 126.75, 123.55,
105.49, 65.43, 49.14, 31.46, 18.88, 18.45, 13.53,

HRMS (ESI), m/Z: [M+Na] iS4 397.0410; {4
397.0397,
Pilla, =/iACHEE (CD;OH )., NBS K5k},

PR R 4-3R-3- 50 AU -3 2R 5 S £ - 1-
il (IVe), Y% 88%; #isi: 170~172 °C. 'HNMR
(500 MHz, CDCL3), 6: 8.23 (d, J = 7.7 Hz, 1H, Ar—H),
7.73~7.65 (m, 3H, Ar—H), 7.53 (dd, J=13.7. 7.3 Hz,
3H, Ar—H), 7.50~7.46 (m, 2H, Ar—H), 5.33 (s, 1H,
Ar—CH—Br), "CNMR (125 MHz, CDCl;), 6: 162.56,

139.62, 136.34, 134.46, 130.60, 129.53, 129.38,
128.54,127.99, 126.84, 123.35, 105.81, 48.84, HRMS

(ESI), m/Z: [M+Na]" B i {5 358.0129; ik {4
358.0118,

PilTa, HEE. NCS Mk, 53 H @K 4-
FA-3-H L3RI - 1-00 (IVE), HOR 87%;
Y55 . 147~148 °C, "HNMR (500 MHz, CDCls), 6:
8.25 (d, J=7.7 Hz, 1H, Ar—H), 7.73~7.67 (m, 3H, Ar
—H), 7.57 (dd, J = 11.0. 4.2 Hz, 1H, Ar—H),
7.55~7.46 (m, 4H, Ar—H), 5.17 (s, 1H, Ar—CH—CI),
3.17 (s, 3H, —OCHj;), *CNMR (125 MHz, CDCl,), ¢:

162.57, 138.67, 135.52, 134.52, 130.59, 129.60,
129.54, 128.58, 128.24, 126.96, 123.46, 106.15, 57.94,

52.35, HRMS (ESI), m/Z: [M+Na] FiE{E 311.0445;
3A{E 311.0445,

Pilla, 4 FE. NCS HMlEkl, H2FGEK 4-
A-3-CRFRE3 AR AW-1-0] (Vg), PR 85%;
515 . 145~147 °C; 'HNMR (500 MHz, CDCLy), §:
8.24 (d, J= 7.7 Hz, 1H, Ar—H), 7.70 (dd, J = 15.2.,
7.6 Hz, 3H, Ar—H), 7.57 (t, J = 7.6 Hz, 1H, Ar—H),
7.50 (dq, J=14.2. 7.0 Hz, 4H, Ar—H), 5.16 (s, 1H, Ar—
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CH—CI), 3.57 (dq, /= 9.8, 7.1 Hz, 1H, —OCH,—),
3.34 (dt,J=9.8. 7.1 Hz, IH, —OCH,—), 0.97 (t, J =
7.1 Hz, 3H, CH;), “CNMR (125 MHz, CDCl;), o:

162.82, 138.80, 136.38, 134.42, 130.41, 129.50,
129.39, 128.48, 128.32, 126.84, 123.54, 106.03, 61.08,
58.07, 15.09, HRMS (ESI), m/Z: [M+Na] BLip{i
325.0602; MAME 325.0611,

Pilb, HfE . NBS sk, 52 HERK 4-
TR-3-F L3-S @3- 1-0 (IVh), YR 85%;
YA 123~124 °C, '"HNMR (500 MHz, CDCly), &:
8.14 (d, J = 7.7 Hz, 2H, Ar—H), 7.66~7.58 (m, 2H, Ar
—H), 7.52~7.46 (m, 2H, Ar—H), 7.42 (d, J = 7.6 Hz,
2H, Ar—H), 5.10 (s, 1H, A—CH—Br), 3.45~ 3.37 (m,
3H, —OCHj3), 1.91 (d, J = 2.5 Hz, 3H, Ar—CHj).

BCNMR (125 MHz, CDCLy), &: 162.76, 139.44,
134.30, 130.37, 129.25, 128.06, 123.15, 104.71, 51.63,

47.87, 21.35, HRMS (ESI), m/Z: [M+H] ¥t (4
270.9964; MiA{E 270.9971,

Pillc, HEE, NBS M5k, M2]HGREAE4, 7-
TR3-F RS- 3R R - 1-E (IVi), IR 89%;
F5 5. 137~138 °C,'HNMR (500 MHz, CDCLy), 6: 8.37
(d, J=1.9 Hz, 1H, Ar—H), 7.79 (dd, J= 8.1 .2.0 Hz, 1H,
Ar—H), 7.67 (d, J = 7.3 Hz, 2H, Ar—H), 7.56~7.46 (m,
3H, Ar—H), 7.36 (d, J = 8.1 Hz, 1H, Ar—H), 5.28 (s,
1H, Ar—CH—Br), 3.16 (s, 3H, —OCH;), “CNMR
(125 MHz, CDCly), §: 161.37, 138.47, 137.38, 135.87,
133.46, 129.68, 129.54, 128.61, 125.00, 123.29, 106.00,
52.98, 48.03., HRMS (ESI), m/Z: [M+Na] B {8
432.9045; MiA{E 432.9056.

DI, W, NBS MRk, 53] @@k 4-
TR-3-H AL -3-(3- R ) St i - 1 ( IV ),
R 85%; M. 177~178 °C., 'HNMR (500 MHz,
CDCLy), 6: 8.23 (d, J=7.7 Hz, 1H, Ar—H), 7.68 (td, J =
7.6. 1.2 Hz, 1H, Ar—H), 7.53 (dd, J=10.9, 4.3 Hz, 2H,
Ar—H), 7.48 (d, J = 7.6 Hz, 2H, Ar—H), 7.41 (t, J= 7.6
Hz, 1H, Ar—H), 7.29 (d, J = 3.3 Hz, 1H, Ar—H), 5.32
(s, 1H, Ar—CH—RBr), 3.16 (s, 3H, —OCH;), 2.47 (s,
3H, Ar—CH;)., "CNMR (125 MHz, CDCls), 6: 162.65,

139.69, 138.29, 136.20, 134.43, 130.58, 130.26, 129.35,
128.43, 127.96, 123.38, 105.88, 52.87, 48.86, 21.62,

HRMS (ESI), m/Z: [M+Na] P {E 369.0097; M4
369.0104.

Pille, HEE., NBS MERE, 526 E 4K 4-
TR-3-F A -3-(4-F R30S il - 1-BR (IV KO, SR
81%; ¥ 5.: 166~167 °C, "HNMR (500 MHz, CDCl5),
5:8.23(d,J=17.7Hz, 1H, Ar—H), 7.67 (td, J=7.5. 1.1
Hz, 1H, Ar—H), 7.58 (d, J= 7.7 Hz, 2H, Ar—H), 7.53 (4,
J=17.6Hz, 1H, Ar—H), 7.47 (d, J= 7.6 Hz, 1H, Ar—H),

7.33 (d, J = 8.1 Hz, 2H, Ar—H), 5.32 (s, 1H, Ar—CH—
Br), 3.15 (s, 3H, —OCHj3), 2.45 (s, 3H, Ar—CH;),
CNMR (125 MHz, CDCLy), J: 162.65, 139.70, 139.48,
134.40, 133.34, 130.57, 129.34, 129.25, 127.96, 123.39,
105.95, 52.81,49.03,21.31, HRMS (ESI), m/Z: [M+Na]"
PBE 369.0097; MIX{E 369.0099.

PITE, e, NBS Rk, 3 H 6K 4-
TR-3-(4- L HEIRHL)-3-H A S A - 100 (IVD), i
& 80%; M4 4 : 94~96 °C., 'THNMR (500 MHz, CDCl5),
5: 8.23 (d, J=17.7 Hz, 1H, Ar—H), 7.67 (td, J = 7.6, 1.2
Hz, 1H, Ar—H), 7.60 (d, J = 7.9 Hz, 2H, Ar—H), 7.53
(dd, J=11.0. 4.3 Hz, 1H, Ar—H), 7.47 (d, J = 7.6 Hz,
1H, Ar—H), 7.35 (d, J = 8.3 Hz, 2H, Ar—H), 5.32 (s,
1H, Ar—CH—Br), 3.16 (s, 3H, —OCHj3), 2.75 (q, J =
7.6 Hz, 2H, Ar—CH,—), 1.32 (t, J = 7.6 Hz, 3H, Ar—
CH;). ""CNMR (125 MHz, CDCLy), J: 162.68, 145.65,
139.73, 134.39, 133.51, 130.57, 129.32, 127.97, 127.94,
123.41, 105.97, 52.83, 49.05, 28.58, 15.22, HRMS (ESI),

m/Z: [M+Na] BE3E {8 383.0253; Mat{H 383.0246,
2 ZERE5Te

21 REZFHHER

P IR 1.2.2 R TTE, REEHA SRS, M
AR H A — A~ 2R B EAN ] SO SR = IV a 1%
2
2.1.1 R BRI R 6 F e

S B FR]X IV a W8 A 5 DL 2% 1o FR 38 1 AT,
7 h NIV a WA R BOn; B[] 3 s, 7 h s
PRI A, I, #0E feE B EFE] R 7 he

F 1 SNEFRIGT IV a W iy 52

Table 1  Effect of reaction time on yield of compound [Va
S B [ /h
1 3 5 7 8 9
/% 30 55 74 90 90 90

2.1.2  REREIHKE TR

S R X8 IV a WSO AR 1 52 e L 2. 3R 2 AT AT
BEAE IR EE TR, Va PR Iehg s A e T R,
BNy 25 °ClF, WeRRBIERR, N 90%.
PRI, 80 Sy e AR IR BE Sl 25 °C, REAT A58 K
&

F2 BRI YV a YRR

Table 2  Effect of reaction temperature on yield of compound

Va
SN i /°C
-10 0 25 35 45 60
/% 82 82 90 90 87 80
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2.1.3  n(B®ARKA)  n(lla)* R ag%m

n(R AR © n(Ma)Xt Va, IVE ICRA S L
3. MR 3 AL, BEE KRR (NBS/NCS) ¥
JEA i, R Va, IVE ISR A A
W, 24 n(p AR © n(Ma)=2.0 : 1 B}, =¥
KULERFHH 90% . 87%, ZJ& 4 i L ik iy
Yt WORJLFAAE

223 a(ECIRAD : n(a)yXf Va, VSR AT I
Table 3 Effect of n(halogenated agents) : n(llla) on yield
of compounds Vaand IVf
n(NBS) : n(llla)
1.0:1 1.1:1 12:1 1.5:1 20:1 3.0:1
IVa YR /% 69 71 72 88 90 90
n(NCS) : n(TMa)
1.0:1 1.1:1 1.2:1 1.5:1 20:1 3.0:1
VL% 60 65 65 79 87 86

gi bk, W Na GBS n(p 1R
) a(Ma)=2.0 : 1. K4 a 20 mg( 0.09 mmol ),
HEER 2 mL, fEER TR 7 he
22 REKEYYE

TE R EAE RS, sl 5HEE. ClE. =
OB, IFE TR, ZCH BN, 5219 R

Va~IV1, SR 4.

#£4 7 (Na~IV1) BcR
Table 4 Yields of products Va~IV1

TRy
Va Vb Ve Vd Ve Vf
R /% 90 88 85 80 88 87
Vg ©Nh  Ni I\ Vk V1
R /% 85 85 89 85 81 80

Bifi 5 S0 BH A T3 R, = IR 2 T R
o [RIRHERE R* B LA BHIE R, ICRANIBIRAG, i
A7 NBS H NCS FRAF MR 5, X2 HF NBS
BT —A R E B P A,
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IVa (5 FRE5 N 1 Fs .

Bl 1 IVa iy dhsifg
Fig. 1 Crystallographic structure of Va

%5 WEYNa SRS
Table 5 Data of compound Va

RRtE S Eng | A

1.575

2.929

672.0

0.18x0.16%0.15

Mo K, (4= 0.71073)

4.782 ~55.080
T<h<10,21<k<22,-1I<I<12
8480

3212 [Riy = 0.0408, Ryjgny = 0.0579]
3212/0/182

1.026

R;=0.0450, wR, = 0.1154

R, =0.0806, wR, =0.1299

N | B A A
i 0708CY_0Om PO/ (g/cm®)
g3 ¥ CH3BrO; T A /mm!
AR 43 i 333.17 Bl R e
REE/K 296(2) AR RS /mm?
LHER Hph i i)
23 ) P2i/n TSR A1)
alnm 0.8458(5) TR FRIE
binm 1.7034(11) Girstied
¢/nm 0.9755(6) ISEAT S
al(®) 90 B R S H
BIC) 91.070(10) 3F F* i) GOOF {4
e 90 X T PRI S ik 22 X F R
A Ynm’ 1.4052(15) X F AT AR AR 2E R F R H
B AR P T AT 4 KBRSk TR M . A4 {E/(e/mm’) 0.93/-0.46
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e E IR T, T I M BA 1 < IO R L 1Y
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