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Figure 1. Numbering system of hex-hex double bond on
Cego in thiswork.
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Figure 2. Marking positions of a) C,, and b) C».
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Figure 3. Positions of atomic group. Any addend must
be classified in 5 typesin thisfigure.
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Table 1. NMR pesk patterns of CgoR,, with type 1,2 and 3 atomic group. PID: peak pattern index. C: citation counts

(counts of derivatives that have same peak patterns) X: sum of total citations. 0-10: citation counts for each number of

addends. Type 1-5: ( peak proportion, peak counts) for each atomic group.
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Table 2. Major list of structure ID for each NMR peak pattern in Table 1.

PID n Structure ID
0 0x00000000
1 1 0x00000001
2 0x08000001
3 0x20004001
4 0x28000005 0x09000041
5 0x10440041
6 0x28084005 0x09200141 0x08121081
10 0x2824a505
2 3 0x00001081
4 0x01800005 0x20800041
6 0x04128041
3 2 0x00000081
4 3 0x00000105 0x00000405 0x00200005 0x20002001
6 0x0a004405
5 6 0x08008505 0x20200505 0x10008905 0x00840905 0x04100905 0x00144105
0x04108105 0x20208105 0x14100105 0x01802405 0x28002405 0x14010405
0x01104805 0x10108805 0x14008805 0x08110805 0x00520805 0x28020805
0x03800805 0x05800805 0x10500141
6 3 0x00004005 0x00040041 0x10000041 0x01002001
6 0x24044005 0x20a00141
9 0x12488905
7 3 0x10000005 0x00000141
8 3 0x00100081
9 3 0x08000081
10 3 0x00012001
11 8 0x09009505 0x00944905 0x05104905 0x10488905 0x02c40905 0x08344105
12 4 0x00008105 0x00002405 0x00100805 0x00084005 0x00048005 0x00500005
0x12000005 0x00028041 0x00108041 0x02010041 0x04020041 0x00440041
0x10200081
6 0x02408805 0x01610005
8 0x14108905
13 4 0x00200105 0x08000405
14 4 0x10000105 0x00001405 0x00020405 0x10200005 0x00100141 0x00021081
0x01200081
15 4 0x20004005 0x08040041
8 0x24054805
16 4 0x08008005 0x08010041
17 4 0x0a000005 0x00200141
18 4 0x08000141
19 4 0x08100081
8 0x28208505
21 5 0x00002505 0x00040505 0x00084105 0x00500105 0x28000105 0x02004405
0x20008405 0x01010405 0x08024005 0x00248005
22 5 0x00080905 0x02008105 0x00804405 0x00900805 0x00224005 0x04044005
0x08084005 0x10104005 0x03004005 0x12008005 0x02400141 0x02028041
0x02048041 0x10108041
10 0x24845505
23 5 0x10200105 0x08001405 0x08020405
24 5 0x01800105 0x01a00005
25 5 0x00021405 0x08100141
26 5 0x00202405
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PID

n

Structure ID
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33
34
35
36
37
38
39
40
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42
43
45

46
47

48
49
50
51
52
53
55
56
57
58
59
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61
62
63
64
65
66
67

5 0x10002405
5 0x00014805
5 0x24000805
5 0x00121081
6 0x00041505

0x01011405
6 0x00202505
6 0x00048505
6 0x08080905
6 0x01a00105
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6 0x24800105
6 0x08021405
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6 0x24010805
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7 0x20a00505
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Table 3. NMR peak patterns of CgoRp, with type 1,2,3,4 and 5 atomic group (4=5). PID: peak pattern index. C: citation
counts (counts of derivativesthat have same peak patterns) =: sum of total citations. 0-10: citation countsfor each number
of addends. Type 1-5: ( peak proportion, peak counts) for each atomic group.

PD C2 0 1 2 3 4 5 6 7 8 9 10 typel type2 typed typed typed
0 1 1.0 0 0 0 0 0 0 0 O O
1 3 01 1 0 0 0 1 0 0 0 0 (1,1 (2,1) (2,1) (4,1)
2 9 0 0 51 2 0 1 0 0 0 0 (1,1 (1,2 (1,2 (1,4
3 10 01 00 0 0 0 0 0 0 (1,2 (1,2,02,1) (1,2,2,1) (2,4
4 5 0 0 0 4 0 0 1 0 0 0 0 (1,1)(21) (2,3) (1,2,2,2) (2,6)
5 3 0 0 015 0 021 0 0 0 0 (1,3 (1,6) (1,6) (1,12)
6 7.0 0 0 4 0 0 2 0 0 1 0 (1,121 (2,3) (2,3) (2,6)
7 2 00 02 00 0 0 0 0 0 (1,121 (1,2(2,2) (2,3) (2,6)
8 1 0 0 01 0 0 0 0 0 0 0 (1,121 (2,141 (2,3 (4,3)
9 10 0 01 0 0 0 0 0 0 O (1,121 (2,3) (2,1),04,1) (4,3)
10 10 0 01 0 0 0 0 0 0 O (1,1 (1,2) (2,1) (2,2
11 5 0 0 0 1 0 1 2 0 0 0 1 (1,1 (2,1) (2,1) (2,2
12 75 0 0 0 069 0 O O 6 0 0 (1,4 (1,8 (1,8 (1,16)
13 16 0 0 0 013 0 2 0 1 0 0 (1,2 (1,4 (1,4) (1,8)
14 2 0 0 00 2 00 0 0 0 0 (1,2(21 (2, 4) (1,4),2,2) (2,8)
15 7.0 0 0 0 7 0 0 0 0 0 0 (1,2(2,1) (1,2)(2,3) (1,2),(2,3) (2,8)
16 3 0 0 0 0 2 0 0 0 1 0 0 (1,2(21) (2, 4) (2,4) (2,8)
17 2 00 00 2 0 0 O0O0O0O0 (1,2 (1,4) (1,2),02,1) (1,8)
18 2 00 00 2 00 0 O0O0O0 (1,2 (1,2),2,1) (1,4 (1,8)
19 2 00 00 2 0 0 0 0 0 0 (1,1 (2,1) (2,1) (1,4
20 10 0 001 0 0 0 0 0 0 (1,221 (1,4)(2,2) (2,4 (2,8)
21 10 0001 0 0 0 0 0 0 (1,2 (2,2) (2,2 (4,2
22 183 0 0 O O 018 0 0 0O 0 0 (1,5 (1,10 (1,10) (1,20
23 10 0 0 0 0 010 0 0 0 0 0 (1,1),(22 (2,5) (1,202, 4 (2,10
24 15 0 0 0 0 014 0 0 0 0 1 (1,1)(22 (2,5) (2,5) (2,10)
25 3 0 0 0 0 0 3 0 0 0 0 0 (1,321 (1,202, 4 (1,4),(2,3) (2,10)
26 2 0 0 0 00 2 0 0 0 0 0 (1,141 (2,1)(4,2) (2,1),(4,2) (4,5)
27 2 00 0002 0 0 0 0 0 (1,321 (1,4)(2,3) (1,224 (2,10)
28 10 0 000 1 0 00 0 0 (1,1 (2,1) (1,2 (2,2
29 5 0 0 0 0 0 5 0 0 0 0 0 (1,122 (1,202, 4 (2,5) (2,10
30 3 0 0 0 0 0 3 0 0 0 0 0 (1,1(22 (2,5) (2,304, 1) (2,10
31 3 0 0 0 0 0 3 0 0 0 0 0 (1,122 (2,3)(4,1) (2,5) (2,10
32 10 0 0001 0 0 0 0 0 (1,122 (2,3)(4,1) (2,3),(4,1) (4,5)
33 262 0 0 0O O 0O 022 0 0 0 0 (1,6 (1,12) (1,12) (1,24)
34 12 0 0 0 0 0 012 0 0 0 0 (1,2,(22 (1,2)(2,5) (1,2),(2,5) (212)
35 4 0 0 0 0 00O 4 0 0 0 0 (1,222 (2,6) (1,4)(2,4 (2,12)
36 3 00 000 0 3 0 0 0 0 (1,9 (1,6) (1,4,2,1) (1,12)
37 3 0 0 0 0 00O 3 0 0 0 0 (1,222 (2,6) (2,6) (2,12)
38 10 0 0 00O O 1 0 0 0 0 (1,241 (2,2),4,2) (2,2),4,2) (4,6)
39 2 00 0000 2 0 0 0 0 (1,121 (2,1)(4,1) (2,1)04,1) (2,6)
40 3 0 0000 0O 3 000 0 (1,9 (1,4),2,1) (1,6) (1,12)
41 10 0 0 00O O 1 0 0 0 0 (1,421 (1,4)(2,4) (1,4)(2,4) (2,12)
42 1 0 0 0 0 00O 1 0 0 0 0 (1,222 (2,6) (2,8,041) (212)
43 10 0 000 0 1 0 0 0 0 (1,9 (1,4)(2,1) (1,4),02,1) (1,12)
44 1 0 0 0 0 00O 1 0 0 0 0 (1,222 (2,441 (2,6) (212)
45 10 0 000 0 1 0 0 0 0 (1,9 (2,3) (2,3) (1,12)
46 204 0 0 O O O O 024 0 0 0 (1,7 (1,14) (1,14) (1,28)
47 18 0 0 0 0 0 0 018 0 0 0 (1,1),(273) (2,7 (2,7 (2,14)
48 5 0 0 0 0 0O O 5 0 0 0 (1,322 (1,2)(2,6) (1,4),(2,5) (2,14)
49 9 0 0 0 0 0 0O O 9 0 0 0 (1,123 (2,7 (1,2),(2,6) (2,14)
50 5 0 0 0 0 0 OO 5 0 0 0 (1,123 (2,7 (2,5),04,1) (2,14)
51 2 00 000 OO 2 0 0 0 (1,123 (1,2)(2,6) (2,7 (2,14)
52 4 0 0 0 0 0O O 4 0 0 0 (1,123 (2,5),4,1) (2,7 (2,14)
53 2 0 0 00 OO 0 2 0 0 0 (1,102,141 (21,473 (2,3)(4,2) (4,7
54 2 00 0 00O 0 2 0 0 0 (1,322 (1,4)(2,5) (1,2),(2,6) (2,14)
55 10 0 0 00 0 0 1 0 0 0 (1,123 (2,5),4,1) (2,5),04,1) (2,14)
56 71 0 0 0 0 0O 0O O 071 0 0 (1,8 (1,16) (1,16) (1,32)
57 4 0 0 0 0 OO 0 0 4 0 0 (1,2,(273 (1,227 (1,2,02,7 (2,16)
58 4 0 0 0 0 0O O 0 4 0 0 (1,223 (2,8) (2,8) (2,16)
59 4 0 0 00O OO O O 4 0 0 (1,4 (1,8) (1,6),(2,1) (1,16)
60 4 0 0 0 0 OO O O 4 0 0 (1,4 (1,6),(2,1) (1,8) (1,16)
61 4 0 0 00O OO O 0 4 0 0 (1,223 (2,8) (1,4)(2,6) (2,16)
62 10 0 000 O 0 0 1 0 0 (1,2 (2,2) (2,2 (1,8)
63 1 0 0 0 0 0 0 0 0 1 0 0 (1,202,141 (22,4,3) (2,4)(4,2) (4,8)
64 2 0 00 00O 0 0 2 0 0 (1,221 (2,2),4,1) (2,2),4,1) (2,8)
65 6 0 0 00O OO O OO0 6 0 (1,9 (1,18) (1,18) (1,36)
66 4 0 0 0 0 0 O O 0 0 4 0 (1,1(24 (2,9 (2,9 (2,18)
67 2 00 000 OO 0O 0 2 0 (1,3,(23 (1,2(2,8) (1,4,02,7 (2,18)
68 2 0 0 0 00O 0O 0 0 2 0 (1,1(24 (2,7)(4,1) (2,9 (2,18)
69 2 00 00 0OO 0 0 0 2 0 (1,124 (2,9 (2,7.04,1) (2,18)
70 1 0 0 0 0 0 0 0 0 0 1 0 (1,1)(24) (2,9) (1,228 (2,18)
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Table 4. Major list of structure ID for each NMR peak pattern in Table 3.

PID n Structure ID
0 0 0x00000000
1 1 0x00000001
2 0x08000001
6 0x08121081
2 3 0x00001081
4 0x01800005 0x20800041
6 0x04128041
3 2 0x00000081
4 3 0x00000105 0x00000405 0x00200005 0x20002001
6 0x0a004405
5 6 0x08008505 0x20200505 0x10008905 0x00840905 0x04100905 0x00144105
0x04108105 0x20208105 0x14100105 0x01802405 0x28002405 0x14010405
0x01104805 0x10108805 0x14008805 0x08110805 0x00520805 0x28020805
0x03800805 0x05800805 0x10500141
6 3 0x00004005 0x00040041 0x10000041 0x01002001
6 0x24044005 0x20a00141
9 0x12488905
7 3 0x10000005 0x00000141
8 3 0x00100081
9 3 0x08000081
10 3 0x00012001
11 3 0x20004001
5 0x10440041
6 0x28084005 0x09200141
10 0x2824a505
12 8 0x09009505 0x00944905 0x05104905 0x10488905 0x02c40905 0x08344105
13 4 0x00008105 0x00002405 0x00100805 0x00084005 0x00048005 0x00500005
0x12000005 0x00028041 0x00108041 0x02010041 0x04020041 0x00440041
0x10200081
6 0x02408805 0x01610005
8 0x14108905
14 4 0x00200105 0x08000405
15 4 0x10000105 0x00001405 0x00020405 0x10200005 0x00100141 0x00021081
0x01200081
16 4 0x20004005 0x08040041
8 0x24054805
17 4 0x08008005 0x08010041
18 4 0x0a000005 0x00200141
19 4 0x28000005 0x09000041
20 4 0x08000141
21 4 0x08100081
23 5 0x00002505 0x00040505 0x00084105 0x00500105 0x28000105 0x02004405
0x20008405 0x01010405 0x08024005 0x00248005
24 5 0x00080905 0x02008105 0x00804405 0x00900805 0x00224005 0x04044005
0x08084005 0x10104005 0x03004005 0x12008005 0x02400141 0x02028041
0x02048041 0x10108041
10 0x24845505
25 5 0x10200105 0x08001405 0x08020405
26 5 0x01800105 0x01a00005
27 5 0x00021405 0x08100141
28 5 0x00202405
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PID

n

Structure ID

29 5 0x10002405 0x10084005 Ox10048005 Ox10500005

30 5 0x00014805 0x08108005 0x03008041

31 5 0x24000805 0x24010005 0x10200141

32 5 0x00121081

34 6 0x00041505 0x10002505 0x10084105 0x01804105
0x01011405 0x00212405 0x02024405 0x20028405

35 6 0x00202505 0x08040505 0x00284105 0x00700105

36 6 0x00048505 0x09008805 0x08248005

37 6 0x08080905 0x20804405 0x20224005

38 6 0x01a00105

39 6 0x28200105 0x28008405

40 6 0x24800105 0x00409405 0x24028005

41 6 0x08021405

42 6 0x20014805

43 6 0x20050805

44 6 0x24010805

45 6 0x28010805

47 7 0x00805505 0x0a008505 0x01c00505 0x12400505
0x12008905 0x04840905 0x10480905 0x04880905
0x04144105 0x14012405 0x12014405 0x28024805

48 7 0x08041505 0x10202505 0x10284105 0x10700105

49 7 0x0004a505 0x0020a505 0x08202505 0x01802505
0x28084105 0x01212405 0x03014405

50 7 0x04048505 0x28204105 0x04054805 0x10114805

51 7 0x20a00505 0x03800905

52 7 0x24800905 0x01409405 0x24044805 0x24028805

53 7 0x01884105 0x0a024405

54 7 0x01a04105 0x20029405

55 7 0x20450805

57 8 0x02045505 0x20049505 0x20a02505 0x03804905

58 8 0x20805505 0x12408505 0x01e00505 0x28084905

59 8 0x10049505 0x0804a505 0x2800a505 0x24044505

60 8 0x02409505 0x24801505 0x0b004505 0x20429405

61 8 0x0024a505 0x2020a505 0x01a02505 0x0a044505

62 8 0x28208505

63 8 0x01a84105

64 8 0x28284105 0x28029405

65 9 0x02845505 0x20845505 0x14045505 0x24045505

66 9 0x04845505 0x03805505 0x0b009505 0x03c01505

67 9 0x0a045505 0x28049505

68 9 0x0b005505 0x03409505

69 9 0x14049505 0x0a04a505

70 9 0x0824a505

0x01200141

0x10500105
0x08124005

0x20084905
0x04900905
0x14048805
0x28009405
0x28002505

0x03014805

0x28045505

0x20009405
0x10248005

0x02088905
0x05800905
0x00d20805

0x02044505

0x20449505
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Table 5. NMR peak patterns of CggR,, with type 1,2,3,4 and 5 atomic group (4# 5). PID: peak pattern index. C: citation
counts (counts of derivativesthat have same peak patterns) X: sum of total citations. 0-10: citation countsfor each number
of addends. Type 1-5: ( peak proportion, peak counts) for each atomic group.

PD C2 0 1 2 3 4 5 6 7 8 9 10 typel type2 typed typed typed
0 1T 1.0 0 0 0 0 0 0 0 0 O
1 5 0 1 1 1 0 1 1 0 0 0 0 (1,1 (2,1) (2,1) (2,1) (2,1)
2 18 0 0 3 012 0 2 0 1 0 0 (1,2 (1,4 (1,4 (1,4) (1,4
3 8 00 3 2 1 1 1 0 0 0 0 (1,1 (1,2 (1,2 (1,2 (1,2
4 38 0 0 021 0 017 0 0 0 O (1,3 (1,6) (1,6) (1,6) (1,6)
5 70 0 0 4 0 0 2 0 0 1 0 (1,121 (2,3 (2,3 (2,3) (2,3
6 10 0 01 0 0 0 0 0 0 0 (1,121 (2,1)04,1) (2,3) (2,3 (2,3)
7 1 0 0 01 0 0 0 0 0 0 0 (1,121 (2,3 (2,1)(4,1) (2,3 (2,8)
8 9 0 0 0 08 0 0 0 7 0 0 (1,4 (1,8) (1,8) (1,8) (1,8)
9 3 0 0 0 0 2 00 0 1 0 0 (1,221 (2,4 (2,4 (2,4) (2,4
10 2 00 00 2 00 000 0 (12 (1,4 (1,2,2,1) (1,4) (1,4
11 2 00 002 00 0 O0O0O0 (12 (1,202,1) (1,4 (1,4) (1,4
12 2 00 00 1 0 1 0 0 0 0 (12 (2,2 (2,2 (2,2) (2,2
13 23 0 0 0 0 028 0 0 0 0 0 (1,5 (1,10 (1,10 (1,10) (1,10
14 17 0 0 0 0 016 0 0 0 0 1 (1,1,22 (2,5) (2,5) (2,5) (2,5)
15 3 0 0 0 00 3.0 0 0 0 0 (1,122 (2,5) (2,34, 1) (2,5) (2,5
16 3 0 0 0 00 3.0 0 0 0 0 (1,122 (2,3),(4,1) (2,5) (2,5 (2,5
17 1 0 0 0001 0 0 0 0 0 (1,1(22 (2,3),(4,1) (2,3),(4,1) (2,5) (2,5)
18 284 0 0 O 0O O 024 0 0 0 0 (1,6 (1,12) (1,12) (1,12) (1,12)
19 5 0 0 00 0OO 5 00 0 0 (13 (1,6) (1,4,2,1) (1,6) (1,6)
20 4 0 0 0 0 OO 4 0 0 0 0 (1,2(22 (2,6) (2,6) (2,6) (2,6)
21 4 0 0 00O OO 4 00 0 0 (1,3 (1,49,02,1) (1,6) (1,6) (1,6)
22 10 0 0 00 0 1 0 0 0 0 (1,2/(22 (2,6) (2,44 1) (2,6) (2,6
23 10 0 000 0 1 0 0 0 0 (1,3 (1,4,02,1) (1,4,(2,1) (1,6) (1,6
24 1 0 0 0 00 0 1 0 0 0 0 (1,2/(22 (2,441 (2,6) (2,6) (2,6
25 1 0 0 00 0OO 1 0 0 0 0 (1,1 (2,1) (1,2 (1,2 (1,2
26 222 0 0 0 0 0 0 022 0 0 0 (1,7 (1,14) (1,14) (1,14) (1,14)
27 18 0 0 0 0 O 0 018 0 0 0 (1,1,(23 (2,7 (2,7 (2,7 (2,7
28 5 0 0 0 0 0O O 5 0 0 0 (1,123 (2,7 (2,54, 1) (2,7 (2,7
29 6 0 0 00O OO O 6 0 0 0 (1,123 (2,5),(4,1) (2,7 (2,7 (2,7
30 1 0 0 0 00 0 0 1 0 0 0 (1,1,(273) (2,5),(4,1) (2,5),(4,1) (2,7 (2,7
31 7 0 0 0 0 0O O 0 079 0 0 (1,8 (1,16) (1,16) (1,16) (1,16)
32 4 0 0 0 0 OO O 0 4 0 0 (12,23 (2,8) (2,8) (2,8) (2,8)
33 4 0 0 00O OO O 0 4 0 0 (1,4 (1,8) (1,62, 1) (1,8) (1,8)
34 4 0 0 00O OO O O 4 0 0 (1,4 (1,6).,2,1) (1,8) (1,8 (1,8
35 1 0 0 0 00O 0O 0 1 0 0 (1,2/(23) (2,6),(4,1) (2,8) (2,8 (2,8
36 1 0 0 0 00 00 0 1 0 0 (1,2/(273) (2,8) (2,6)(4,1) (2,8) (2,8
37 1 0 0 00 OO O 0 1 0 0 (1,4 (1,6),(2,1) (1,6),(2,1) (1,8) (1,8
38 9 0 0 0 0OOO OO0 O0 9 0 (1,9 (1,18) (1,18) (1,18) (1,18)
39 4 0 0 0 0 OO O 0 0 4 0 (1,124 (2,9 (2,9 (2,9) (2,9
40 2 00 0 00O O 0 0 2 0 (1,124 (2,1(4,1) (2,9 (2,9 (2,9
4 2 0000 0OO O 0 0 2 0 (1,124 (2,9 (2,74,1) (2,9) (2,9
42 10 0 0 0 0 0 0 0 0 0 1 (1,1 (1,2 (2,1) (1,2) (1,2

Table 6. Major list of structure ID for each NMR peak pattern in Table 5.

PID

n

Structure ID

0
1

0 0x00000000
1 0x00000001
2 0x08000001
3 0x20004001
5 0x10440041
6 0x08121081
2 0x00000005
4 0x00008105

0x00108041
6 0x02408805
8 0x14108905
3 0x00001081
4 0x20800041
5 0x00202405
6 0x04128041

0x00000081
0x00100805
0x02010041
0x01610005

0x00012001

0x00002001
0x01800005 0x12000005 0x28000005 0x00028041

0x04020041

0x00440041

0x09000041 0x10200081
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PID n Structure ID
4 6 0x08008505 0x10008905 0x00840905 0x04100905 0x00144105 0x04108105
0x20208105 0x14100105 0x14010405 0x01104805 0x10108805 0x14008805
0x08110805 0x00520805 0x28020805 0x05800805 0x10500141
5 3 0x00004005 0x00040041 0x10000041 0x01002001
6 0x24044005 0x20a00141
9 0x12488905
6 3 0x00100081
7 3 0x08000081
8 8 0x09009505 0x28208505 0x00944905 0x05104905 0x10488905 0x02c40905
0x08344105
9 4 0x20004005 0x08040041
8 0x24054805
10 4 0x08008005 0x08010041
11 4 0x0a000005 0x00200141
12 4 0x08100081
6 0x28084005
14 5 0x00080905 0x02008105 0x01800105 0x00804405 0x00900805 0x00224005
0x04044005 0x08084005 0x10104005 0x03004005 0x12008005 0x01a00005
0x02400141 0x02028041 0x02048041 0x10108041
10 0x24845505
15 5 0x00014805 0x08108005 0x03008041
16 5 0x24000805 0x24010005 0x10200141
17 5 0x00121081
19 6 0x00048505 0x28200105 0x28008405 0x09008805 0x08248005
20 6 0x08080905 0x01a00105 0x20804405 0x20224005
21 6 0x24800105 0x00409405 0x0a004405 0x24028005
22 6 0x20014805
23 6 0x20050805
24 6 0x24010805
25 6 0x09200141
27 7 0x00805505 0x0a008505 0x01c00505 0x12400505 0x20084905 0x02088905
0x12008905 0x04840905 0x10480905 0x04880905 0x04900905 0x05800905
0x04144105 0x14012405 0x12014405 0x28024805 0x14048805 0x00d20805
28 7 0x04048505 0x28204105 0x04054805 0x10114805 0x03014805
29 7 0x24800905 0x01884105 0x01409405 0x0a024405 0x24044805 0x24028805
30 7 0x20450805
32 8 0x20805505 0x12408505 0x01e00505 0x28084905
33 8 0x10049505 0x0804a505 0x2800a505 0x24044505
34 8 0x02409505 0x24801505 0x0b004505 0x20429405
35 8 0x01a84105
36 8 0x28284105
37 8 0x28029405
38 9 0x02845505 0x20845505 0x0a045505 0x14045505 0x24045505 0x28045505
0x20449505 0x28049505 0x0824a505
39 9 0x04845505 0x03805505 0x0b009505 0x03c01505
40 9 0x0b005505 0x03409505
41 9 0x14049505 0x0a04a505
42 10 0x2824a505
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Table 7. NMR peak patterns of CgoRp, with type 2 and 6 atomic group. PID: peak pattern index. C: citation
counts (counts of derivatives that have same peak patterns) X: sum of total citations. 0-10: citation counts
for each number of addends. Type 1-5: ( peak proportion, peak counts) for each atomic group.

PD _C> 0 1 2 3 4 5 6 7 8 9 10 typel typeb
0 1 1. 0 0 0 0 0 0O 0O 0 0 O (60, 1)
1 10 1 0 0 0 0 0 0 0 0 0 (1,1 (2,4)(413)
2 2 0 0 2 00 0 0 0 0 O0 0 (1,2 (1,4)(2,28)
3 3 0 0 30 0 0 0 0 0 0 0 (1,2 (2,30
4 1 0 0 1 0 0 0 0 O 0 O O (1,2(21 (1,4)(2,28)
5 10 0 1 0 0 0 0 0 0 0 0 (1,1 (4,3)(8,6)
6 4 0 0 0 4 0 0 0 0 0 0 O (1,3 (1,4)(2,28)
7 15 0 0 015 0 0 0 0 0O O O (1,6 (1,60)
8 5 0 0 0 40 0 1 0 0 0 0 (1,3 (2,30
9 2 0 0 02 0 0 0 0 0 0 0 (1,2(22 (1,4)(2,28)
10 10 0 0 1 0 0 0 0 0 O 0 (1,2 (3,20
11 10 0 0 1 0 0 0 0 0 0 0 (1,121 (2,4)(413)
12 2 00 01 0 0 1 0 0 0 0 (1,3 (2,4)(4,13)
13 10 0 0 1 0 0 0 0 0 O 0 (1,2 (3,4)(6,8)
14 10 0 0 1 0 0 0 0 0 0 0 (1,1 (6,10)
15 69 0 0 0 069 0 0 0 O O O (1,8 (1,60)
16 13 0 0 0 013 0 0 0O 0 0 O (1,4 (2,30
17 6 0 0 0O O 6 0 0 0 0 0 0 (1,4 (1,4)(2,28)
18 70 0 0 0 7 0 0 0 0 0 0 (1,2(23 (1,4)(2,28)
19 1 0 0 00O1 0 0 0 O0 0 0 (1,2 (2,4),(413)
20 2 0 0 002 0 0 0 0 0 0 (1,2(21 (2,30
21 2 00 002 0 0 00 0 0 (1,1 (2,2)(414)
22 10 0 0 0 1 0 0 0 0 0 0 (1,4(22 (1,4)(2,28)
23 10 0 0 0 1 0 0 0 0 0 0 (1,2 (4,15)
24 10 0 0 0 1 0 0 0 0 0 0 (1,2 (4,3)(8,6)
25 183 0 0 0O O 018 0 0 0 0 0O (1,10 (1,60)
26 10 0 0 0 0 010 0 0O 0 0 O (1,95 (1,4)(2,28)
27 17 0 0 0 0 017 0 0 0 0 0 (1,5 (2,30)
28 8 0 0 0 0O O 8 0 0O O O 0 (1,2(24 (1,4)(2,28)
29 2 0 0 0 00O 2 0 0 0 0 0 (1,1(22 (2,4)(413)
30 2 0 0 00O 2 0 0 0 0 0 (1,929 (1,4)(2,28)
31 10 0 0 0 0O 1 0 0 0 O 0 (1,1 ('5,4)(10, 4)
32 3 0 0 0 0 0O 3.0 0 0 0 0 (1,321 (2,30
33 1 0 0 0O0OO 1 0 0 0 0 O (1,1 (10, 6)
34 10 0 0 0 0O 1 0 0 0 0 0 (1,3(21 (2,4)(4,13)
35 22 0 0 0 0 0 022 0 0 0 0 (1,12 (1,60)
36 12 0 0 0 0 0 012 0 0 0 0 (1,2(205 (1,4)(2,28)
37 8 0 0 0O 0O OO 8 0 0 0 0 (1,6 (1,4)(2,28)
38 24 0 0 0 0 O 024 0 0 0 0 (1,6 (2,30)
39 1 0 0 0 0 0 01 0 0 0 0 (1,222 (2,4)(413)
40 2 0 0 00O O 2 0 0 0 0 (1,1)(21 (2,2)(4,14)
M 5 0 0 00O OO 5 0 0 0 0 (1,9(271 (2,30
42 1 0 0 0 0O OO 1 0 0 0 0 (1,424 (1,4)(2,28)
43 2 00 00O 0 2 0 0 0 0 (1,4 (3,20
44 2 00 00O OO 2 00 0 0 (1,3 (4,15)
45 2 00 00O O 2 0 0 0 0 (1,1 (6,212, 4)
46 10 0 0 00O O1 0 0 O0 0 (1,2 (6,10)
47 1 0 0 0 0 OO 1 0 0 O0 0 (1,1 (12, 1),(24, 2)
48 204 0 0 0O O O O 0204 0 0 0 (1,14 (1,60)
49 23 0 0 0 0 0O O 023 0 0 0 (1,7 (2,30
50 70 0 0 0 0 0 0 7 0 0 0 (1,202,686 (1,4)(2,28)
51 9 0 0 0 0OOO 0O 9 0 0 0 (1,7 (1,4)(2,28)
52 5 0 0 00 0OO 0 5 0 0 0 (1,5(21 (2,30
53 2 0 0 00O 0 0 2 0 0 0 (1,123 (2,4)(413)
54 2 0 0 00O O 0 0 2 0 0 0 (1,49(205 (1,4)(2,28)
55 71 0 0 0 0 0O O O 071 0 0 (1,16 (1,60)
56 4 0 0 0 0O O 0 0 4 0 0 (1,2(27 (1,4)(2,28)
57 14 0 0 0 0 0O O O O 14 0 0 (1,8 (2,30
58 4 0 0 0 0 0O O O 0O 4 0 0 (1,6)(21 (2,30
59 4 0 0 0 0O OO O O 4 0 0 (1,8 (1,4)(2,28)
60 10 0 0 0 0OO O 0 1 0 0 (1,2 (2,2)(414)
61 2 00 00O OO O O 2 0 0 (1,8 (4,15)
62 10 0 0 0 0 0 0 0 1 0 0 (1,2(223) (2,4)(4,13)
63 2 00 00O 0 0 0 2 0 0 (1,2(21 (2,2)(414)
64 6 0 0 0 OOO O 0 0O 6 0 (1,18 (1,60)
65 6 0 0 0O OO O 0O 0O O 6 0 (1,9 (2,30)
66 2 0 0 00O O 0 0 0 2 0 (1,2(298 (1,4)(2,28)
67 2 0 0 00O 0 0 0 0 2 0 (1,21 (2,30
68 10 0 0 0 OO O 0 0 1 0 (1,9 (1,4)(2,28)
69 10 0 0 00O OO O 0 1 0 (1,3 (6,10
70 10 0 0 0 OO O 0 0 0 1 (1,5 (4,15)
71 1 0 0 0 0 0 0 0 0 0 0 1 (1,1 (10, 2),(20, 2)
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Table 8. Magjor list of structure ID for each NMR peak pattern in Table 7.

PID n

Structure ID

0 0x00000000
1 0x00000001
2 0x00000005
2 0x00000081
2 0x08000001
3 0x00000105
3 0x00004005
6 0x28010805
9 3 0x10000005
10 3 0x00001081
11 3 0x00100081
12 3 0x08000081
6 0x0a004405

13 3 0x00012001
14 3 0x20004001
16 4 0x00008105
0x00108041
0x10200081

17 4 0x00200105
18 4 0x10000105
0x01200081

19 4 0x01800005
20 4 0x0a000005
21 4 0x28000005
22 4 0x08000141
23 4 0x20800041
24 4 0x08100081
26 5 0x00002505
0x20008405

27 5 0x00080905
0x04044005
0x02400141

28 5 0x10200105
0x10500005

29 5 0x01800105
30 5 0x00021405
31 5 0x00202405
32 5 0x24000805
33 5 0x10440041
34 5 0x00121081
36 6 0x00041505
0x01011405

37 6 0x00202505
0x28002405

38 6 0x00048505
0x00144105
0x20014805
0x00520805

39 6 0x01a00105
40 6 0x28200105
41 6 0x24800105
42 6 0x08021405
43 6 0x02408805
44 6 0x24044005
45 6 0x28084005
46 6 0x04128041
47 6 0x08121081
49 7 0x00805505
0x02088905
0x05800905
0x10114805

50 7 0x08041505
0x28009405

51 7 0x0004a505
0x28084105

52 7 0x24800905
53 7 0x01884105
54 7 0x01a04105
56 8 0x02045505

oo N—=O

0x00002001

0x00000405
0x00040041

0x00000141

0x00100805
0x02010041

0x00002405
0x00001405

0x00200141
0x09000041

0x00040505
0x01010405
0x02008105
0x08084005
0x02028041
0x08001405
0x01200141
0x01a00005
0x08100141

0x24010005

0x10002505
0x00212405
0x08040505
0x03800805
0x08008505
0x04108105
0x01104805
0x28020805

0x28008405
0x00409405

0x01610005
0x20a00141
0x09200141

0x04048505
0x12008905
0x04144105
0x03014805
0x10202505

0x0020a505
0x01212405
0x01409405
0x0a024405
0x20029405
0x20049505

0x00200005
0x10000041

0x20004005
0x08010041

0x08000405
0x00020405

0x00084105
0x08024005
0x00804405
0x10104005
0x02048041
0x10002405

0x10200141

0x10084105
0x02024405
0x20200505

0x10008905
0x20208105
0x10108805
0x05800805

0x20050805

0x0a008505
0x04840905
0x28204105
0x28024805
0x20a00505

0x08202505

0x03014405
0x24044805

0x20a02505

0x20002001
0x01002001

0x08008005
0x04020041

0x00084005
0x10200005

0x00500105
0x00248005
0x00014805
0x03004005
0x10108041
0x08020405

0x01804105
0x20028405
0x00284105

0x00840905
0x14100105
0x09008805
0x20224005

0x24010805

0x01c00505
0x10480905
0x14012405
0x14048805
0x03800905

0x01802505

0x24028805

0x03804905

0x12000005
0x00440041

0x00048005
0x00100141

0x28000105

0x00900805
0x08108005
0x03008041
0x10084005

0x10500105
0x08124005
0x00700105

0x08080905
0x20804405
0x14008805
0x08248005

0x24028005

0x12400505
0x04880905
0x12014405
0x00d20805
0x10284105

0x28002505

0x20450805

0x00028041
0x08040041

0x00500005
0x00021081

0x02004405

0x00224005
0x12008005

0x10048005

0x20009405
0x10248005
0x01802405

0x04100905
0x14010405
0x08110805
0x10500141

0x20084905
0x04900905
0x04054805
0x10700105

0x02044505

http://www.sccj.net/publications/ JICCY

197



PID n

Structure ID

57 8 0x20805505
0x12408505
0x02c40905

58 8 0x02409505

59 8 0x0024a505

0x10049505
0x01e00505
0x08344105
0x24801505
0x2020a505

0x09009505
0x00944905

0x0b004505
0x01a02505

0x0804a505 0x2800a505
0x28084905 0x05104905

0x20429405
0x0a044505

0x24044505
0x10488905

60 8 0x28208505
61 8 0x14108905 0x24054805
62 8 0x01a84105
63 8 0x28284105 0x28029405

64 9 0x02845505 0x20845505 0x14045505
65 9 0x04845505 0x03805505 0x14049505

66 9 0x0a045505 0x28049505
67 9 0x0b005505 0x03409505
68 9 0x0824a505
69 9 0x12488905
70 10 0x24845505
71 10 0x2824a505

0x24045505 0x28045505 0x20449505
0x0b009505 0x03c01505 0x0a04a505

33 10000 GOooooo

10000 C, 00000000000 type450
000000000000000000000000
00000000000000000

BCNMROOOOO type60 000000000
000000000 010700000000 61000
0000000000000 [4000000000
000000000000000000000000

IHNMROODOOOOOOO type60 00000
00000D000000000 43000000000
0000000 (Table7) 0000000000000
0000000000000 00000000000
00000000000 IDO Table4O OO OO OO
00 034813182631 0000000000000
0000 23.--,8000 IDO0O0O0OODOOOOODO

34 1ltype2600000O0O

0000 BeNMROOODOODOODOOO1000
0C,000000Cxn00000000DD00 type
2600000000000000DOODDODODOO
000000000000 DO0DOO0OO0O0OO

10000 c,000000000Dnoonoooo
3900000000 [40

00 C,00000000 720000000000
O (Table7) 0000000000 OOODO IDO Ta
beg00D0O0D0DO00OO 03,7,15,253548550 00
0o0000oo0ooooo0ooog 23---,80001D0O
oooooooooo

0000000000000 0000D000000
00200000000 PID=8,12000 0 3C-NMR

198

000000000000 D000000D00000Dn
0000000 BCNMRODOODO CeoU OOODOO
0000000000 CGOOODoD CsOd 2000
00000000000000000O0Cs00D000
Otype200000000D0DOC,O0D0DDOO type
60000000 type200D0O0ODO0OODOOD
ooQ

4 OO0

Ceo0 300000 2000000000000 Ceo
ONMROODOOOOOOOOOODODOOOOOO
0000000 oOoOoooooo cs1O0000ooo
gobbobOoooboobbooobooooo
goboooboboobooboooboboboooboooo
ooooooooooboboooooooooooog
O Figure30 OO0 O S0000000000O000OO
gooooboobobooooobobooooooo
oooooobooooobooboboooooooooo
gbooooooooooboobooboooooboo
OO NMROOODOODODOOONMROOOOODO
gooboooooooboobooboon

41 0OODOO NMROOD

0000000000 CeoODOOOOOnO Cyy
000 10000000000000000000
OO000000 FguedDOODODODODOOOOOOO
0 0Cz10,H17220 type 20 O Cy5611,12,13, His,19,23 24
O type4 O OCrg9,14,15.16, Hoo 212526 0 type50 00
0000000 320000000000000

J. Comput. Chem. Jpn., Vol. 5, No. 4 (2006)



000000 2000 tans4 OO0 (OO
ID=0x00002001) 0 O Table4 0 O PID=200 000
0000000000000 0D0000 trans300
O (0x00004001) O trans-2 0 O O (0x00400001) O O
0O PD=20000000000000O0H-NMRO
00000 trans4000000000000000
0oDDO0O0DOoO0o

000 BCNMROOOOOOOOO Otrans4 O
000 Table8O PID=200 0000000000
0000000000 00D00000 cs2000
(0x00000005) 000 O ODOOO0O0DOOOODODOOO
00000 trans40000 BBC-NMRDO Table70 DO
CoolO0D0O00ODOD 3000000000000 2
0000000000000 D0000 trans20trans-3
0000 BCNMRO Ceo OO0ODDOOO 2800
000000000 200000000000000
00000000000 0000000D0O0OoOnO
goao [50

42 NMROOOOOOO

OO0 bis(4-methoxyphenyl)diazomethane 0 Cgg O
000000000 N, 00000 CxpUOoooog
000000 CyOOoOoOooooooooooooo
00000000 FgurebO[6O0O00O00O0OOOO
000C O typelD OOODOOO type30 O OO OO
000310000000000000

10000 H-NMROODDODOOOOOOO singlet
0000 30100000000 doubletD OO O 4

Figure 4. Adduct position of anthracene addend on hex-
hex double bond of Cgg fullerene.

http://www.sccj.net/publications/ JICCY

02000000000000000000000 2
0000000000000000000000000
0H-NMROOOOOO0O0200000000000
000000000000000
00000100000000000000001
020020 100000000000 10 40020
2000000000000000000 type300
0000O0OTablelOO type300 0000000
(12),(21) 00000000 PD=300000000
O0000O0Table2000000000000000
00 IDO 0x000000810 0000000000000
000000020000 eD00000000D00
0ooo
00 type30000000000000000 Ta
blelD PID=610 (2,2),(41) 00000000000
0000000 800000000000 O00
000000000000000000000 30
100000000000 40 20000000000
00000000000 type30 000000 OTable
100 type300 0000000 (1L,1) 000000
0000000000000000000000 (21)
0 PID=1,10000000000000000000
0000000000 Table20 000020000
0000000000000 IDO 0x08000001 O O
00000000000 20000000 20000
trans1000000000000000
00000000000 (710000000000
000000000000000000000000
00000000

Figure 5. Adduct position of bis(4-methoxyphenyl) ad-
dend on hex-hex double bond of Cgg fullerene.

199



43 00O0ODOO

O0o0oO0ooO0oOooooooDOoOD0O NMROOO
OO0 4200000000000000000C0CO
gboooboobOobOobOOooobooboboooon
OO0 NMROOOODOODOOODOOOOOOOOODO
oooooOboooobooobooboooooobo
O00o0O0O0ooo0o0ooooooooDog 420000
type30 00000000000 OODOOOCOOODO
oboobbobooooooobboooooooog
oobooobooobbobOooboooboooooog
obooooooobooboooobobooboboon
goboooooooooboboobobbooboog
ooboooobooooobooooboooooogon
ooooooooooooooobooboobooog
gooooooano

Jodd

[1] 00O0O0,0000,00 2004-299039.

[2] Y. Nakamura, K. O-kawa, and J. Nishimura, Bull.
Chem. Soc. Jpn., 76, 865-882 (2003).

[3] T. Toida, Y. Hori, K. Nemoto, K. Uchida, T. Ishii,
and H. Ygjima, J. Computer Aided Chem., 6, 11
(2005).

[4 DOOO0DOO0ODOOOOOODOOOOOOoOOOO
000000 uURLOOOOOOOOOOO
http://www.toi da.j p/tatsuo/2005/10/27/ICCJY

[5] A. Duarte-Ruiz, T. Muller, K. Wurst and B. Kraut-
ler, Tetrahedron, 57, 3709-3714 (2001).

[6] Y. Tezuka, N. Kawasaki, H. Yagima, T. Ishii, T.
Oyama, K. Takeuchi, A. Nakao, and C. Katayama,
Acta Cryst., C52, 1008 (1996).

[7] T. Toida, K. Soya, K. Uchida, T. Ishii and H. Ya
jima, J. Comp. Chem., Jpn, 5, 93-100 (2006).

Comprehensive Analysis of Peak Counts and Peak Proportions
in NMR Spectra of CgoRp(n = 0-30)

Tatsuo TOIDA*, Katsumi UCHIDA, Tadahiro ISHII and Hirofumi YAJMA

Department of Applied Chemistry, Faculty of Science, Tokyo University of Science
Kagurazaka, Shinjuku-ku, Tokyo 162-8601
*e-mail; tatsuo@toida.jp

In this study, we report the development of a program tool for 1H- and 13C-NMR peak prediction of
Cs0Rn(n=0-30) compounds. This tool is able to count up the NMR peak and its intensity for any multi-
adduct Cgp fullerene in the case where addend is bonding on one of the 30 hex-hex double bonds of fullerene
and its monoadduct has C; or Cy, symmetry. The model isin good agreement with the experimental data
for bis-adduct methano[60]fullerene. Using this tool, an exhaustive list of peak counts and intensities for all
possible multi-adducts was calculated under the restrictive condition that any two addends cannot be in the
range of cis-1. The NMR patterns were investigated for each adduct number using simple proportions of the

calculated intensities.

Keywords: Fullerene, Multi-adduct, NMR
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