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Study on the Synthesis of Polysubstituted Benzenes by

a,da-dycyanoolefins
Li Jie

Abstract Polysubstituted benzenes are highly useful entities, which are widely
used in industry, pharmacy and laboratory. Because the complex structure of aromatic
compounds, preparation of the regioselective and highly substituted aromatic
compounds is one of the challenging problems in organic synthesis. How to synthesis
Polysubstituted benzenes and their derivatives are people interested. Synthesize
Polysubstituted aromatic in efficiently and economically becomes interest that many
research group towards.

Firstly, we studied the molecule of the vinylogous Michael addition product and
found that polysubstituted benzene was obtained through intermolecular nucleophilic
reaction. The final structure was confirmed by NMR, IR, Single-XRD diffraction,
HRMS. With the optimized reaction conditions in hand, several solvents and base have
been investigated, CH3CN and NaOEt(100%) were selected as the best.

Secondly, We found the vinylogous Michael addition and aromatization of addition
products can be processed in one pot and polysubstituted benzenes can be obtained with
satisfying yield(76%). From the synthetic chemist’s point of view, one-pot procedures
starting with simple, readily available substrates provide ideal strategies for regioselective
formation of substituted benzene, Finally, we studied their characteristic of liquid crystal
and found polysubstituted benzenes have potential to be useful LC molecule. We found a
new method that polysubstituted benzenes could obtained from alcfchyde and ketone.

Lastly, we studied crystal structures of compound 4b, 4m and 4k. We found that alt
these crystal exist hydrogen bond N—H-N and the dimers formed by paird hydrogen
bonds. The molecule of 4b are linked by N—H-N and N—H:+-O hydrogen bonds. The
molecule of 4m are linked by N—H-N and C—H- % interactions. The molecule of 4k
are linked by C—H---O hydrogen bonds and C—H- 7 interactions.

In this paper, we give an efficient method for the synthesis of polysubstituted
benzenes through the tandem vinylogous Michael reaction of ¢,a-dycyanoolefins and



a, B-nitroolefins.

key words: ¢,a-dycyanoolefins Intermolecular Michael reaction Polysubstituted

benzenes Crystal stucture
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& 2-9
2.5 $iRRARR T

21X 0,0 —FERHR T o B AEREIEL S DR MBS YRR, M
YN EC NEH RIRMRE, EBERET, 2RE—F TEHBKAET,
TR U T A ER) T WEE LB R TR o AR, R
#. BARRK—KRESTHART —PMATHE LR, RE—RIFERN
G 1R EI 2 R IITH RS UK A,

19



CICN:NOz NC SN _No, N02
NC._CN_-NO, CN _NO, NC CN NO,

\
' O

& 2-10

25.1 oo ZREHRES oS- FENHELSWEIMAREHEL

T4 ARPOE At o o FIESR R 5 o BRI A EAL AW AR 2 BB 7R
BE 92%K %, LF(DHQD),PYR {EENFIFEF BRI, BE 93%HHE
 R1%M X PR . RATRAE, H SR EEFIFREELANBEUREK
RAEt ), REREIERMAER. BROTEMRNRERT BTN R ERZMN.,

NC._-CN NC._-CN_NO,
X
S O (e |
+ _————
CHCl, O O

1 2 3

2-11

R 21 WERTLLE N, ARFERFXTZMAR K IEE X, BEER
FRBAARELERN. X TFIRFERARERE, EINHEERE, AEL
HUE 1%ER KR 20%, WARUMEVANE LNEBEFEEKAET, WM
BRI RN BT X TRBAEAY. R, BAMEEAR, X
Efoe TR ESELSYREESMARMN, BRERAZRMN. X T4k
Fitb, EEMBTAIUEEAN, FRIBEAMKE, ER&mMNAE TR
AR R, B3 qe-—REF R AR E B MR, BEBER K.

FERNF RN, FANEERMERN oo ZFEERLSYERENRRIE,
A—EETFoEMEEZBRANEN, EHREFRAEEE o B EME
R AT IR R B



BIE R A AR R B b5 o TR R R, MR R~ a0 — g ER
BWEY, ZEMB=PHvERERS, REE=ZROEN ST RARAE
TERA—2FZLRET MR S B EE B ERE R 111, =28
HIEYIRY 20%, FiR RN 10 KK ZIMEFED).

ME2-1 MERFTUER, FAEYE 0.5%M=ZERM, RN 24 /PRE,
A AR 2(97% )3 5 B A5 k=9

® 241 LR REEREOEE

Entry HEALR A (h) W% (%)a

1 =7k 0.5% 24 97
2 =2 5% 6 74
3 LRTH 1% 48 -
4 LHTH  20% 48

5 At 1% 48 -
6 it uE 20% 48 -
7 AEMEH 1% 2 trace
8 ZE8 1% 2 trace

a: Isolated yield
WEY 3 RIS RIE B

3:2-(4-nitro-1,3-diphenylbutylidene)malononitrile: yield: 97%; white solid; mp;
88.0-89.1°C; "H NMR (300Hz, CDCls) d(ppm): 3.38-3.5(m, 3H), 4,53-4.70(m, 2H),
6.98-7.63(m, 10H); °C NMR (75Hz, CDCl3) d(ppm): 175.40, 133.42, 132.58, 129.43,
128.95, 127.63, 127.54, 122.30, 121.11, 42.69, 40.10; IR (KBr): 3417, 2947, 2879, 2231,
1636, 1587, 1557, 1496, 1454, 1326, 1052, 767, 702cm™; Calculated mass: 317.1164,
HRMS (ESI)(M+Na): 340.1056.

252 BB ERARRIFR
HAXMENFFRANE—SHRER, oo _FEENEHIRES, BF
AT RERERR BT, HBA AT, Mo TFAMEAN—BRETE

Ael, Hafrpk FMEEBORNMRYE, TTRBREMEEAH FURAKRAET, Wik
AT LA F SRR TR REL AL, WIS F A AT,
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NC. CN ,NO;

NC-_CN .NO, NC._CN _NO,
. .‘.'

2-12

WAE DR BRI, 1| BERMBESYS 0.1 BERZEHE S B —&
AT RN (ER), B TLC RUBIEHLawER. RNUEHEEE
iR EATA SR AR ARFE 4. Bid '"HNMR A PCNMR #lE, BINEE
RaEFEEREY, MRS —FMLaY. BEdERRRULEREY. HEOk
AP AF R RN B,

B—KEOHREFLEY, ROFRER, WHE&HTHANKAE T
HREE LB B TFRERALE, 22— A5 EHNHERNEHRAHER. 'H
NMR. *C NMR FI44h 83594 B8 T 18 B 4L & P 0 BURI R R

SRR B oo —FEBRLAYS o B FRARMEL S WH AR YT L
RAESFREENBEBLBAEMREL)G, RN FEET T HENL,

NC._CN __NO NHz
2 NC NO,
| base R O
SARCEETING A0 6

& 2-13
xR TR AT T R4k, FERAATRER RIS, FTAREA LB
B, EARESESEET. 60°C. 120°C(Z K P A ERURE)R & HEHtT
T ik,

% 2-2 BRI RMER

Entry  Solvent HE B(%) KR (%) HHRlh)
1 - 0 It ZEEH 100 40 18h
2 8] 60°C ZEEW 100 42 24h
3 il 60°C Z.EH 100 40 13h
4 ZE 60°C ZE8 100 38 28h
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5 Vi 60°C ZBE9 100 70 12h
6 MEmkm  60C ZE#H 100 55.6 24h
7 WEREHE 60T Z.EE48 100 45 12k
8 ZHEAH 60T Z B8 100 56 12h
9 AR Reflux ZEEBN 100 12 N.R
10 MEX 120°C Z.E4H 100 73 2h
11 B % reflux Z.BE48 100 12 12h
12 2.1 reflux Z K8 100 76 2h
13 DMF 120C Z.FE4 100 48 N.R
14 DMSO 120°C Z.E4 100 48 N.R
a: Isolated yield

MK 2-2 L RATULE H, FEXRBAAER S R UESIR&EN=%, R
FHEN P OERZRE, EAFRENEMNTARERN, TTREBN TN ZEEH
58 BEAEMRI, FREFR AR T LK. LR FR R AR R,
EEARF RN AHAT .

Rk, SW#TTHERRL. BERREN T KA E ¥ KER LR 8Bk
RNEEFEFEEEMNRER. EXHETREN, XRBAERARLHE, BEHR
120°C(Z I A EIFRES) .

% 2-3 BMREFENER

Entry %A W (%) BfECh) (%)
1 ZJE (reflux) ZE®H 50 2 65
2 ZiE (reflux) ZEH 100 2 76
3 ZJE (reflux) ZEH 200 2 68
4 ZJE (reflux) RS 100 2 66
5 ZJE (reflux) 4 100 2 56
6 ZJE (reflux) HEH 100 2 58
7 ZJE (reflux) FEAR 100 2 55
8 ZJE (reflux) WERH S0 2 24
a: Isolated yield

BT FIE T AR (R 2-3), ERBEENGT, SERMEOELRFR



®, WG AN ERB RIS IAK, FEEMHBMORIEES, HRNELESEX
55, HKFEM T6%FKE) 24%. B, REHRAREESTTHHBERS R
R E2E BRI E®, THEERNEN T ORRER /D, Hik &N R
18, WEIRHNEEERX, Bk, ZHERNEA, EHEHRENRNERK
T AR R BRI 3

T BB R AR A, FTRARIL, ELREEAITEIN, ZEaik
W, RERTER 2 AR R AT, o LA IR B (76%).
253 —HIESHEBRRENAENRR

T LRX RN FFRTEET, FTREDH o —HEKRLEWES B A
HEASYRME™Y, WREMNNREGEAESE, &R ZEMEMET—
WIRRN, =T EBER—RIITIAKKILEY. ik, RO KA
AT 738 BATAZHEE AR — S R RRER, 1%=ZHAEH, RN
4 MBI T RILATCALL 95% IR BEIMA=Y), AL, HiEmA

R 100% 8RR B 878, BREANNE, SRS BRISHARE, &
E 74%.

NH,

NG~ -CN NC NO,
| ~-NO2 Et,N 1% EtONa 100% O
g\l . @A, CHiCl  CH,CN O O
4h 2h
1 2 4
& 2-14

BEAUARRERHN oo —HEHRUSY SRR o BRHEMEIE I AR HT
T REET ROLE 2-4)

NC._CN NH,
Lﬂz + Ry NOz EiN 1% EtONa 100% NG NO:
Ay CH,Cly CHACN A, Ry
R
4a-4n
& 2-15



*2-4 SN 1AL ED

Entry R; Ry Rs =29 wEW T (h)’
NH;
NC NO;
48 Pn H  Ph 76 ® 6
NH.
NC NO,
& CH; CH; Ph 74 ® 62
NH2
4 O Ph 63 ™ 10
J
NH;
N NOg
44 Ph H  nPr 52 80
J
NH
NC NO;
4% CH; H  Ph 69 62
‘ CJ
NC. j NOy
4 Pn H 61 I 20
02
" HN O
99
H;
4h H  Ph 79 P OOUEE")
4OARe
4 Ph H 68 12
) Ph 7 16
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a: Isolated yield
b: [RVEHA]A SR B[R], BPIRRLRN 4 F KA RO B (A (2h) LB,

ME 2.4 TUES, BIBEERT 4 HERAEMHEY, HEEEHAR
B, B, WERRNBEERUEY. ™K 54%—79%, KAREA 12h—70h.
REFBEFEXHEF—IREEFARK o0 - FEEZLEWH R E RS
FHAOAR, SHEFEMRGEERR, FER o —REHELEYHERR,
EEHEAHTASERBRAET, TR e-—HRERLEYERE, A
)& T R S FREERS: 55— MEERA RSN o BHEEE RN
EHARR, AHEK o BHERRYRENE KT R K HERRE, Bk, #47T
0P R R (R AN

B ERA AR oo —RERELEYE RN o BHEFERE, TLABEIRFE
MERPNZRAFTEELEY. UEFHFEN - —EHEBRUSYESELEN
o BEEBBHITRNATBISEURH V B BRERUEY,; SHEEMN -/
RS WS RN RN o BRI B AR IR0 o o —HUER S 5H 5 EH) o b
HESH ST RET AE ISR ELNESY: SHRA - HFRERRUS
¥ 5 o BAHEARIE AT R A] AR B R B A R aY.

DA R & LAk & P ) S M R A B4 -

4a: Yield: 76%;light yellow solid; mp: 204.2-205.8°C; "H NMR (300Hz, CDCl5)
d(ppm) 5.81 (s,2H), 6.74 (s, 1H), 7.19-7.51 (m, 10H); *C NMR (75Hz, CDCl;) d(ppm)
149.48, 144.79, 142.91, 137.33, 137.04, 129.80, 128.94, 128.45, 127.23, 121.24, 115.76;
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IR (KBr): 3469, 3363, 2923, 2214, 1619, 1559, 1497, 1445, 1328, 1277, 1076, 865, 821,
770, 698, 636 cm™'; Calculated mass: 315.1008, HRMS (ESI) (M+Na)+: 338.0900.

4b:3-amino-3,6-dimethyl-2-nitrobiphenyl-d-carbonitrile: Yield: 53%; yellow solid;
mp: 208.2-209.4°C; 'H NMR (300Hz, CDCL;) d(ppm) 1.90 (s, 3H), 2.52 (s, 3H), 5.35 (s,
2H), 7.13-7.42 (m, 5H); IR (KBr): 3456, 3362, 3254, 2361, 2219, 1645, 3622, 1592,
1519, 1462, 1363, 1270, 1004,826, 766, 701, 700 cm™; Calculated mass: 267.1008,
HRMS (ESI) (M+Na)": 290.0900.

4¢: 2-amino-3-nitro-4-phenyl-5,6,7,8-tetrahydronaphthalene-1- carbonitrile: Yield:
43%; yellow solid; mp, 211.2-214.3°C; 'H NMR (300Hz, CDCl;) d(ppm) 1.57 (t,J =
SHz, 2H), 1.73 (1, J = 5.16Hz, 2H), 2.156 (1, J = 6Hz, 2H), 2.89 (t,J = 6Hz, 2H), 5.26 (s,
2H), 7.06-7.35 (m, 5H); >C NMR (75Hz, CDCl3) d(ppm) 146.04, 141.49, 141,33,
135.55, 128.62, 128.25, 127.90, 126.82, 115.23, 29.51, 27.52, 22.49, 21.71; IR (KBr):
3464, 3357, 2940, 2221, 1641, 1589, 1546, 1516, 1443, 1363, 1335, 1264, 1169, 818,
773, 701 cm™; Calculated mass: 293.1164, HRMS (ESI) (M+Na)*: 316.1056.

4d: 3-amino-4-nitro-5-propylbiphenyl-2-carbonitrile: Yield: 42%; yellow solid; mp:
113.7-115.2°C; "H NMR (300Hz, CDCls) d{ppm) 1.00 (t, J = 7.2Hz, 3H), 1.68 (m, 2H),
2.78 (t, J = THz, 2H), 5.83 (s, 2H), 6.71 (s, 1H), 7.49-7.54 (m, 5H); '*C NMR (75Hz,
CDCl3) d(ppm) 145.16, 144.34, 129.65, 128.87, 128.40, 120.84, 115.96, 35.90, 23.73,
14.10; IR (KBr): 3479, 3385, 2965, 2212, 1625, 1591, 1564, 1514, 1448, 1339, 1283,
838, 771, cm™’; Calculated mass: 281.1164, HRMS (ESI:(M+Na)": 304.1103,

4e: 3-amino-5-methyl-2-nitrobiphenyl-4-carbonitrile: Yield: 42%; yellow solid; mp:
162.5-164.5°C; "H NMR (300Hz, CDCl;) d(ppm) 2.53 (s, 3H), 5.77 (s.2H), 6.61 (s, 1H),
7.28-7.41 (m, 5H); °C NMR (75Hz, CDCls) d(ppm) 147.16, 144.31, 142.92, 137.51,
128.85, 128.75, 127.13, 121.63, 115.17, 21.15; IR (KBr): 3439, 3367, 3261, 2358, 2213,
1652, 1597, 1557, 1519, 1365, 1281, 842, 755, 701 cm™; Calculated mass: 253.0851,
HRMS (ESI) (M+NH,)*: 271.1190.

4f:3-amino-7-methoxy-2-nitro-1-phenyl-9, 10-d1hydrophenanthrcnc-4-carbomtnle
Yield: 65%; yellow solid; mp: 185.6-187.8°C; '"H NMR (300Hz, CDCls) d(ppm) 2.37 (1,
J = 6Hz, 2H), 2.61 (t, J = 6Hz, 2H), 3.874 (s, 3H), 5.71 (s, 2H), 6.79 (s, 1H), 6.92-8.21
(m, 8H); °C NMR (75Hz, CDCl3) d(ppm) 161.35, 143.45, 1441.98, 129.16, 128.71,
128.40, 128.01, 127.36, 117.44, 113.69, 112.09, 55.40, 29.47, 25.93; IR (KBr): 3470,
3356, 2933, 2833, 2360, 2207, 1615, 1586, 1541, 1495, 1415,1333, 1266, 1213, 1034,
722, 702 cm™; Calculated mass: 371.1270, HRMS (ESI) (M+Na)*: 368.1106.
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4g:3-amino-5-(naphthalen-1-y1)-2-nitrobiphenyl-4-carbonitrile: Yield: 63%; yellow
solid; mp: 175.2-185.4°C; "H NMR (300Hz, CDCl3) d(ppm) 5.84 (s, 2H), 6.86 (s, 1H),
7.3-8.08 (m, 12H); >C NMR (75Hz, CDCls) d(ppm) 129.98, 128.97, 128.70, 127.31,
127.12, 127.06, 126.46, 125.15, 124.87, 122.68; IR (KBr): 3446, 3342, 3236, 3055,
2360, 2222, 1634, 1586, 1557, 1509, 1418, 1280, 841, 802, 778, 701 cm'’; Calculated
mass: 365.1164, HRMS (ESI) (M+Na)*: 388.1056.

4h: 3-amino-5-(naphthalen-2-yl)-2-nitrobiphenyl-4-carbonitrile:  Yield:  79%;
yellow solid; mp: 178.5-181.5°C; 'H NMR (300Hz, CDCls) d(ppm) 5.91 (s, 2H), 6.92 (s,
1H), 7.35-8.07 (m, 12H); *C NMR (75Hz, CDCl;) d(ppm) 144.89, 134.32, 128.97,
128.84, 128.56, 128.36, 127.82, 127.38, 127.25, 126.95, 125.51, 121.47; IR (KBr).
3465, 3347, 3028, 2362, 2219, 1621, 15841, 1556, 1495, 1442, 1327, 1272, 850, 818,
752, 697 cm™; Calculated mass: 365.1164, HRMS (ESI) (M+Na)*: 388.1056.

4i: 3-amino-5-(naphthalen-2-yl)-4-nitrobiphenyl-2-carbonitrile: Yield: 68%; yellow
solid; mp: 183.2-185.3°C; 'H NMR (300Hz, CDCls) d(ppm) 6.05 (s, 2H), 6.79 (s, 1H),
7.29-7.84 (m, 12H); >C NMR (75Hz, CDCls) d(ppm) 149.57, 145.21, 142.16, 136.85,
135.34, 135.34, 133.53, 130.80, 129.90, 129.04, 128.94, 128.63, 128.53, 126.92, 126.33,
125.39, 125.24, 124.58, 122.18, 115.83; IR (KBr): 3457, 3348, 3235, 2218, 1634, 1594,
1558, 1513, 1281, 862, 803, 776, 698 cm™; Calculated mass: 365.1164, HRMS
(BSI)(M+Na)*: 388.1056.

4j: 3-amino-2-nitro-1-phenyl-9,10-dihydrophenanthrene-4-carbonitrile: Yield: 71%;
yellow solid; mp: 201.2-203.4°C; 'H NMR (300Hz, CDCh) d(ppm) 2.39 (t, J = 6Hz,
2H), 2.64 (1, J = 6Hz, 2H), 5.66 (s, 2H), 7.19-8.25 (m, 9H); BC NMR (75Hz, CDCly)
d(ppm) 143.26, 140.31, 139.79, 135.66, 131.13, 130.48, 128.77, 128.56, 128.21, 128.04,
127.92, 127.44, 127.10, 117.17, 29.06, 26.00; IR (KBr): 3439, 3367, 3261, 2213, 1652,
1597, 1557, 1519, 1430, 1365, 1281, 842, 755, 701 cm’’; Calculated mass: 341.1164,
HRMS (ESI)(M+Na)*: 364.1056.

4k:3-amino-7-methoxy-2-nitro-1-phenyl-9,10-dihydrophenanthrene-4-carbonitrile:
Yield: 65%; yellow solid; mp: 185.6-187.8°C; 'H NMR (300Hz, CDCl;) d(ppm) 2.37 (t,
J = 6Hz, 2H), 2.61 (t, J = 6Hz, 2H), 3.874 (s, 3H), 5.71 (s, 2H), 6.80 (s,1H), 6.92-8.21
(m, 7H); *C NMR (75Hz, CDCl) d(ppm) 161.35, 143.45, 1441.98, 129.16, 128.71,
128.40, 128.01, 127.36, 117.44, 113.69, 112.09, 55.40, 29.47, 25.93; IR (KBr): 3470,
3356, 2933, 2833, 2360, 2207, 1615, 1586, 1541, 1495, 1415,1333, 1266, 1213, 1034,
722, 702 cm™; Calculated mass: 371.1270, HRMS (EST) (M+Na)": 394.1162.
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41:9-amino-2,3-dimethyl-8-nitro-7-phenyl-6H-benzo[c]chromene-10-carbonitrile:
Yield: 54.3%; yellow solid; mp: 207.5-209.5°C; '"H NMR (300Hz, CDCls) d(ppm)
2.28(s, 3H), 2.32 (s, 3H), 4.56 (s, 2H), 5.87 (s, 2H), 6.81 (s, 1H), 7.16-8.15 (m, 7H); °C
NMR (75Hz, CDCl3) d(ppm) 154.88, 144.69, 142.78, 138.95, 137.77, 134.31, 131.03,
128.93, 127.69, 126.98, 122.25, 118.49, 117.73, 116.78, 65.63, 20.14, 19.26; IR (KBr):
3476, 3362, 2921, 2853, 2361, 2215, 1620, 1592, 1547, 1495, 1435, 1343, 1257, 1101,
1026, 926, 881, 781, 755, 702 cm™; Calculated mass: 371.1270, HRMS (EST) (M+Na)*:
394.3091.

4m:3-amino-5-(furan-2-yl)-2-nitrobiphenyl-4-carbonitrile:  Yield: 67%; vellow
solid; mp: 188.4-191.2°C; "H NMR (300Hz, CDCls) d(ppm) 5.96 (5, 2H), 6.61 (s, 1H),
7.19-7.71 (m, 7H); ®C NMR (75Hz, CDCls) d(ppm) 148.71, 145.35, 144.83, 143.48,
137.60, 136.19, 128.89, 127.15, 117.07, 116,17, 113.33, 112.79; IR (KBr): 3468, 3364,
3149, 2361, 2212, 1617, 1553, 1497, 1438, 1275, 1248, 1029, 757, 698 cm™; Calculated
mass: 305.0800, HRMS (ESI) (M+Na)': 328.0693,

4n: 3-amino-2-nitro-5-(thiophen-2-yl)biphenyl-4-carbonitrile: Yield: 64%; yellow
solid; mp: 200.4-202.2°C; 'H NMR (300Hz, CDCls) d(ppm): 5.94(s, 2H), 6.91 (s, 1H),
7.18-7.76(m, 8H); >C NMR (75Hz, CDCl;) d(ppm): 145.37, 143.33, 141.34, 137.27,
139.00, 128.56, 127.17, 120.53, 116.17; IR (KBr): 3465, 3360, 3102, 2922, 2212, 1617,
1533, 1492, 1421, 1328, 1275, 1244, 850, 762, 704 cm’; Calculated mass: 321.0572,
HRMS (ESI)(M+Na): 344.0464.

2.5.4 REHIRAERT

[
NC._-CN _NO, NC ®Q”:N NO,
| EtONa 100% |
70 e (70
refiux

H NH; NH,

Mo Mo Y

a b [

& 2-16



W RN, 5F NN AR B2 A AL R A& T AT,
HRS TR L EARBMEAETRARAET, ERNBRARTHES T
AR LR ERMTNRE TR —RE, REEREK . EEHEIE
1 H A R AR b BATE A3 b B e MLRMAT TR R T AR,
BONEH TRAIER, F—ILREEREZ . KETURHF TRTH, HHEH
St KRS, EsRAl. RYURBAEREETRARS, FRNE
EERPTH#T; BALREEESOTRPHITRNY, RMEFF#T 2 A0
o i TLC i, F—MERAFBRB=Y ¢, MBE_ANERLU T6%HI %
BETHEY c. EMELREA T BEFLHFHFMIRLERHANER TR
1T, WHEAFNEE, FEEE c. BRIBURNEAR X FTHHER T H~NHE
.

26 EMRELUSMERAMOEERR

HHHRET FREEAZMAELRLEY, XRINMET -HERSHA
EERLAWFE, FXEBAT T8 R OIERRT 5,

BN da AT T UG REROWIE . T ER 40 M RRCERNERE, 15
R IE,

i
i
i

& 2-17 & 2-18

ME 2-17 PATLLEH, 57 4a REAB KRR ES, FEEMDFTHER
£ B 218 FATLUEH, FEHIEARBHNE, MR ET I ETHR
F)e

& 2-19 RILEH 42 9 DSC B, NEFATLLES, 7 4a HIRA MK LRAER
WK, BIRIRA. BGLRE, BUIE 174212 CIRER B AE R 421K
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HELE. AAERRIREERE, HEY a FTRBA-MHXRNHSE, B
R — 5 MkrihiE R AT .

-

e KOS ) .

T

T P trem 12a 27

Mante ‘."" :N
Jg - 8 87

Penk trowm 208 3%
tor #2788

Onaetm 23 B4
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F=F ZBKFTENHRBEHTR

RESHIMRGRERAN P EERL, ©HEGYEE, HHREZE.
WELE. 2 TFEYE. EHFEFHSERNEMTANE AR RRELFTD
RISERAREE, EANMNG T BRTRETOH0AKF ELEBRH RYRAIT HRE.
ATHAZWAEFH D FMEND, RIS RAOBY L RAEMED. 4k, 4m)i
TT @ ikiRE

3.1 S RRiEE

BB S0 == 4b BT 15 BEARE S, A 10 ZEAECKR 1 BB
LB, RARBESYHER. REOSE ERFMOBRUBHEREE, &
B, EETEBEER, 5 REHES X-HETH M0 R s, URER
FEBRLEY 4k, 4m R,

3.2 @mikEHIRNE

B K/DHALE Y 5 BT Bruker Smart-1000 CCD B X414k 8 RATHHY
L+, BREAELE Mo Ka $140=071073 8B Wb, &—ERE FWELN
SHEE, £¥IaHTdh SHELXTL-97 SO K. WEMNEMR b E kAT,
HimET S HEE RN R P TS EAHSBEARTHLERETRESH

(60

33 £R5ig™
33.1 {LEY 4b WEREEN CsHiNO,

WY 2b MBE S HA BARENSHIITFE 3-1. 0B 3-1 BTR, %2 FAhE
BAMER, dEE. 28, MEAFREAK. E4TAH, BIMFE. SENE
BERSRAIE, ATBETROME, SREXCHERESHEHRRERRE
—AFEA, I A%-80.2(6)° (01-N3-C8-C7) 5 99.3(5)°(02-N3-C8-C7); BNk
BRFmEmEHIA A 83.51 (0.13)°

WE 32, REPFFREREDE, BdXHL4R, 2FTERRHHA
77 18 L B — B R N—N B 7 2 1] KR 5 2 3.091(5)A, BER i N—H-N( 1-x,2-y,-2)
ER—TEHRT RH(12): C—0 BFZRMEER 3400 (DA, R¥H C—
H-0( 1-x,-y,l-))EB— M EMTF R(12). BidE@m4&ZROMEIER, 247
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%M EXREH, ER—FTH#.

& -1 {LEY > MRBEHSHNIESH

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.10
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [I>2sigma(T)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

CisH;3N;0,

267.28

296(2) K

0.71073 A

Triclinic, P-1

a=8.607(3) A alpha=69.067(5) deg
b=8.616(3) A beta=72.279(6) deg
¢=10.540(3)A gamma = 78.507(6) deg
691.8(4) A’

2, 1.283 mg/m’

0.088 mm™

280

0.28 x 0.20 x 0.07 mm

2,14 to 25.10 deg

-10<h<8, -10<k<9, -11<I<12
3569 / 2429 [Rny = 0.0217]

98.4 %

None

0.9943 and 0.9755

Full-matrix least-squares on F°
2429/0/184

1.061

R1=0.0681, wR2 = 0.1885
R1=0.1327, wR2 = 0.2323
0.027(10)

0.240 and -0.204 ¢. A*
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332 &Y 4am B REEH CH N304

ME 33 FAIES, &rFa=AFARK, BT, BUCHETRM—4 8
WPER. HTRBBERENOUE, =AREAE—INFEA, EOZEERRE
A, 250K 20.13(13)° (RE AR 5 B R IRH 48.84(7)° (A KK 5 %),
FESEERASHAMEIRLE. WMEARKK, SHRMEFRER—FH
. SEIF A D7) 5-36.42)° CO—C@)—NBY—0(2) and -34.2(3)° C(T)—C(8)
—N@y—0(3). FTFHNAZEBMAHAEERER N> FHAER _EE. N—N
RFZ BIEEE R 3.099 (DA (2/3x,1/3-y,-2/3-2). FITHI N—H--N FER— &K
T R*(12).

WE 3-4 R, RS S ERE C B, it C—Hp (1/3-x+y,2/3-y,-1/3+2)



ERIES FEERBIESE Y, C—H-Cg(RMFP.L)NIEEH 28474, Eit

C—H-p 5§ N—H-NHEEA, B FEER =SB FEH.

%32 (L&MW e MRASHS BN ESH

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25,10
Absorption correction

Max. and min, transmission
Refinement methed

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(T)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

CiH1N;04
305.29

296(2) K

0.71073 A

Rhombohedral, R-3
a=36,6123(16)A  alpha = 90 deg
b=36.6123(16)A  beta =90 deg
c=5.5797(3)
6477.3(5) A®

18, 1.409mg/m’
0.100 mm™*

2844
041x020x0.14 mm

1.93 t0 25.10 deg

-43S<h <43, -26k<43, 6<I<6
11180/2568 [Rmy = 0.0412]

100 %

gamma = 120 deg

None

0.9859 and 0.9601

Full-matrix least-squares on F*
2568/0/217

1.013

R1=0.0416, wR2 = 0.1031
R1=0.0734, wR2 = 0.1154
0.00064(17)

0.212 and -0.184e. A’
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Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.10
Absorption correction

Max. and min, transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [1>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C2HpN;0,

371.39

296(2) K

0.71073 A

Triclinic, P-1

a=8.4803(6) A  alpha=94.684(2) deg
b=10.1495(7) A beta=95.9530(10)deg
c=5.5797(3)A gamma=102.2920(10)deg
1815.3(2) A

4, 1.359mg/m’

0.093 mm™

776

0.32X0.28X0.14 mm

1.89 10 25.10 deg

-10<h<9, -12<k<10, -18<1<25
9399 / 6367 [R(int) = 0.0301]

98.7%

None

0.9867 and 0.9711

Full-matrix least-squares on F*
6367/0/524

0.963

R; = 0.0478, wR, = 0.1030

R, = 0.1308, wR, = 0.1254

0.0040(7)
0.170 and -0.188 . A

£7)



AR RNE C—H- n(1-X, -Y, 1-Z){EH, C—H-Cg(H14 5EFF.0)H 8
BH278A. W 3-6 Biw, Y C—H- nfEfil 5 N—H-NSA8ER, £4Fi%
TR T

B 3-6

HTF4FH_SLER LMHEATREE LM EREL, FUELRENEE
AR RS, WE 37 Fin, B TFREPEEE—EEZ% N—H-0
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MF %,
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