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Abstract: The chemical investigation of branches of Cinnamomum camphora chvar. Borneol guided by
mosquito larvicidal activity led to the isolation of fourteen known lignans (1-14). Their structures were
elucidated unambiguously based on comprehensive spectroscopic analysis and comparison with the
literature data. This is the first report of these compounds being isolated from branches of Cinnamomum
camphora chvar. Borneol. Compounds 3-5 and 8-14 were isolated from this plant for the first time. All
compounds isolated were subjected to anti-inflammatory, mosquito larvicidal activity and cytotoxic
activity evaluation. Compounds (1-14) showed significant mosquito larvicidal activity against Culex
pipiens quinquefasciatus with lethal mortality in 50% (LCso), with values ranging from 0.009 to 0.24 pug/mL.
Among them, furofuran lignans(1-8) exhibited potent mosquito larvicidal activity against Cx. p.
quinquefasciatus, with LCso values of 0.009-0.021 pg/mL. From the perspective of a structure-activity
relationship, compounds with a dioxolane group showed high mosquito larvicidal activity and have
potential to be developed into a mosquitocide.

Keywords: Cinnamomum camphora chvar. Borneol;, lignans; mosquito control; structure-activity
relationship
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Compound 1

NO. '"H NMR data(Exp) 'HNMR data(Ref5) C NMR data(Exp) C NMR data(Ref 5)
35 B B 1473 147.2
3 ~ B 146.9 146.7
4 5.65(1H,s,OH)  5.59 (1 H,s, OH) 145.4 145.3
4 5.54 (1H, OH) 5.48 (1 H, OH) 134.4 1343
I B B 133 132.9
1 B B 132.3 132.1
, 6.88 (1 H,d,J=2.0 6.89(1H,dJ=2.1
6 H2) i) 119.1 118.9
, 6.82 (1H,dd,J= 6.82(1 H,dd, ] =82
> 8.1, 1.8 Hz) and 1.8 Hz) Ha.4 114.3
, 6.90 (1H,d,J=2.0 6.90(1H,d,J=2.1
2 H2) H2) 108.8 108.6
2,6 6.59 (2H, s) 6.59 (2H, s) 102.9 102.7
7 4.74 (2H, dd,J = 3 86.3 86.1
9 114,441z 7 CH.dI=42H) 86 85.8
9 72 71.9
436-4.17 2H,m);  4.27 (2H, m); 3.88
7 3.84-3.77 2H, m) (2H,m) 71.8 71.6
35-OCHs  3.90 (9H, s, C-3,3', 3.90 (9H, s, C-3,3', 5- 56.5 56.4
3'-OCH; 5-OCH3) OCH3) 56.1 56
8 54.5 54.4
g 3.16-2.99 (2H, m) 3.10 (2H, m) 42 a1
Compound 2
NO.  'HNMR data(Exp) 'HNMR data(Ref6) “C NMR data(Exp) C NMR data(Ref 6)
35 B B 147.1 147.2
3 B B 147.1 147.2
g B B 134.3 134.4
4 _ _ 134.3 134.4
I B B 132 132.1
1 B B 132 132.1
6 6.57 (1H, s) 6.55 (1H, s) 102.7 102.8
5 B B 147.1 147.2
2 6.57 (1H, s) 6.55 (1H, s) 102.7 102.8
2,6 6.57 (2H, s) 6.55 (2H, s) 102.7 102.8
7 472 QH,d,J=42  4.70 (2H, d, J=4.2 86 86
9 Hz) Hz) 86 86
? 4.27 (2H, dd, J=9.0, 4.25 (2H, dd, J=9.0, 77 L7
, 6.7 Hz); 3.87 (2H, 6.7 Hz); 3.88 (2H, dd,
7 dd, J=9.0, 3.4 Hz) J=9.0, 3.4 Hz) T 7
3,5-OCH; 56.3 56.3
3.84 (12H, s) 3.84 (12H, 5)
3'5-0OCH; 56.3 56.3
8 54.2 543
g 3.09 (2H, s) 3.08 (2H, ) 42 42



Compound 3

NO. '"H NMR data(Exp) 'HNMR data(Ref 7) "C NMR data(Exp) “C NMR data(Ref 7)
3 B B 146.9 (C-3) 146.7 (C-3)
5 6.81-6.90 (1H, m) 6.79-6.88 (1H, m) 114.4 (C-5) 114.2 (C-5)
3 B B 146.9 146.7
4 5.66 (1H, s) 5.70 (1H, s) 145.4 1452
4 145.4 145.2
I B B 133.1 132.8
1 B B 133.1 132.8
6 119.1 118.9
5 114.4 114.2
2 6.81-6.90 (SH, m) 6.79-6.88 (SH, m) 108.8 108.6
2 108.8(C-2) 108.6(C-2)
6 119.1(C-6) 118.9(C-6)
7 86 85.8
9 474 (2H,d,J =4.0 Hz) 471 (2H,d,J =44 Hz) % es8
9 _ 71.8 71.6

;‘2251{(271?2’1 d;;; R 278(;{4 4.23 (2H, dd, ] = 8.8,4.4 Hz, H-7a,
7 ddJ=88 44HzH-Tb, 2385 CH dd{)J 9;8'8’ 44 Hz, H-T 71.8 71.6
9b) ’
3-OCH; 56.1 55.9
3.90 (6H, s) 3.87 (6H, 5)
3-OCH; 56.1 55.9
8 , ; 543 54.1
¢ 3.10 (2H, m, H-8, 8") 3.09 (2H, m, H-8, 8") s “l
Compound 4

NO. '"H NMR data(Exp) '"HNMR data(Ref 8) "C NMR data(Exp)  “C NMR data(Ref 8)
3 B B 147.4 148.1
5 7.06 — 6.76 (1H, m) 6.88-6.76 (1H, m) 111.7 111
3 B B 148.8 149.3
4 5.66 (1H, s) 5.70 (1H, s) 148.2 1487
4 146.4 147.2
I B B 133.9 133.5

1 B B 135.5 135.2

6 118.2 118.4

5 110 109.2

2 7.06 — 6.76 (6H, m) 6.88-6.76 (5H, m) 106.5 106.7

2 107.9 108.3

119.3 119.5

7 4.66 (2H,d, ] =4.8 Hz) 471 (2H,1,1=5.6 Hz) 849 85.9

9 70.9 71.8

9 ) ) 71 71.9

4.16-4.12 (2H, m, H-9a, 7°a); 3.78 4.22 (2H, m, H-9a, 7°a); 3.84 (2H,

7 (2H, d, ] = 4.0 Hz, H-9b, 7’b) m, H-7°b, 9b) 85 85.9
3-0CH; 3.74 3H, s) 3.85 (3H, s) 55.5 56.1
4-OCH; 3.76 (3H, s) 3.87 3H, s) 55.5 56

8 3.10— 2.94 (2H, m, H-8, 8") 3.06 (2H, m, H-8, 8") 338 344

8 53.6 54.3



3-OCH;

g

'"H NMR data(Exp)

6.95-6.80 (1H, m)

6.95-6.80 (1H, m)
6.79-6.67 (1H, m)

6.95-6.80 (2H, m)

6.79-6.67 (1H, m)

4.63 (2H,dd,J =9.5,4.4Hz, H- 4.72 (2H,dd,J=9.5,4.4 Hz H-7,

7,9)
4.19-4.04 (2H, m, H-9a, 7°a);
3.76-3.71 (2H, m, H-9b, 7°b)

3.77 3H, s)

3.09-2.93 (2H, m)

'"H NMR data(Exp)

6.89-6.79 (1H, m)

6.89-6.79 (1H, m)
6.89-6.79 (1H, m)

6.90 (2H, s)

6.89-6.79 (1H, m)

4.64 (2H,d, ] = 3.6 Hz, H-7,9")

4.11 (2H, dd, J = 6.7, 8.6 Hz, H-
9a, 7’a); 3.76 (2H, dd, J = 2.9,

9.0 Hz, H-9b, 7'b)
3.06-2.91(2H, m)

5.99 (4H, s)

Compound 5
'HNMR data(Ref 9)

6.94-6.75 (1H, m)

6.94-6.75 (5H, m)

9)
4.22 (2H, m, H-9a, 7°a); 3.84 (2H,
m, H-7’b, 9b)

3.89 3H, s)

3.25-2.90 (2H, m)

Compound 6
'HNMR data(Ref 10)

6.8 (1H, m)

6.8 (5H, m)

47 (2H,d,J=4.1Hz H-7,9
)
4.2 (2H,dd,J=7.0,9.3 Hz,
H-9a, 7’a); 3.8 (2H, dd, ] =
3.5,9.3 Hz, H-9b, 7°b)

3.1(2H, m)

5.9 (4H, s)

C NMR data(Exp) "C NMR data(Ref 9)

147.5
115.1
147.3
146.4
145.9
135.5
132.2
119.3
107.9
106.5
110.5
118.6
85.1
84.9
71
70.8
55.6
53.5
53.8

C NMR data(Exp)

146.4
106.5
146.4
147.4
147.4
135.4
135.4
119.3
106.5
107.9
107.9
119.3
84.8
84.8
70.9

70.9

53.7
53.7
100.8
100.8

147.5
115.1
147.4
146.4
145.9
135.5
132.1
119.3
107.9
106.5
110.4
118.6
85
84.9
71
70.8
55.6
53.5
53.8

C NMR data(Ref 10)
146.7
106.4
146.7
147.9
147.9
134.9
134.9
119.2
106.4
108.1
108.1
119.2
85.7
85.7
716

71.6

54.2
54.2
101.1
101.1



g
10
10"

'"H NMR data(Exp)

6.94-6.82 (1H, m)

6.94-6.82 (2H, m)

6.94-6.82 (1H, m)
7.12 (1H, s)
6.94-6.82 (1H, m))
4.78 (2H, dd, J =27.9, 6.6
Hz)

5.43 (1H,d,J = 4.6 Hz)

4.12 (1H,dd, J =8.2,6.4 4.09 (1H,dd,J =9, 6 Hz, H-

Hz H-7a),3.94 (1H,d, ] =
8.3 Hz, H-7’b)
2.69 (1H, m, H-8)
3.30-2.97(1H, m, H-8")

'"H NMR data(Exp)

6.96-6.82 (1H, m)

6.96-6.82 (3H, m)

7.06 (1H, s)
6.96-6.82 (1H, m)

Compound?

5.44 (1H,d,J =3.6 Hz) 5.32(1H,d,J=3.6 Hz)

5.14 (1H, d,J = 3.8 Hz)

4.17 (1H, dd, 7 =9.2, 7.4

Hz, H-7°a), 3.96 (1H, d, ] =

9.4,4.5 Hz, H-7’b)
3.78 (1H,dd,J =9.3,3.8
Hz)
3.31-3.24(1H, m)

6.03 (4H, d, J = 8.0 Hz, H-
10, 10°)

'"HNMR data(Ref 11) C NMR data(Exp)
B 147.5
6.8-7.1 (1H, m) 106.8
B 147.3
146.3
146.5
B 136.2
~ 137.3
119.1
106.2
6.8-7.1 (SH, m) 107.7
108
119.4
479 (1H,d,J = 6.6 Hz, H- 6
7);4.71 (1H,d, T =6.6 Hz, :
H-9)) 71.4
5.40 (1H, s) 100.9
7a),3.91 (1H,d, ] = 6.6 86
Hz, H-7’b)
2.66 (1H, m, H-8) 62.1
2.98 (1H, m, H-8") 53.4
Compound8
'HNMR data(Ref 12)  "C NMR data(Exp)
B 147.7
6.76-6.87 (1H, m) 106.6
B 147.5
B 146.8
B 147.4
B 133.5
B 134.2
119.5
106.4
6.76-6.87 (SH, m) 108
108.1
120.1
84.3
5.30 (1H, d,J = 3.6 Hz) 82.7
176.8
432 (1H,dd, 7 =9.2,6.8
Hz, H-7°a), 4.02 (1H, d, ] 7.2
=9.4,4.8 Hz, H-7’b)
3.42(1H,dd, 1=9.2,3.6 3
Hz)
3.2(1H, m) 48.6
5.98 (1H, s); 5.96(1H, s) 101.2
101

C NMR data(Ref 11)
147.5
106.8
147.3
146.3
146.5
136.3
137.3
119.1
106.2
107.7

108
119.5

82.5
71.4

100.9

86

62.2
53.4

C NMR data(Ref 12)
148.4
106
147.3
146.8
147.4
133.1
134.4
118.8
105.7
108.4
108.6
119
84.4
83.4
176.6

72.7

53.3
50
101.5
101.2



Compound 9

NO. '"H NMR data(Exp) '"HNMR data(Ref 13) BC NMR data(Exp) ~ C NMR data(Ref 13)

3 B B 147.5 1483
5 6.87 (1H, s) 6.82 (1H, s) 108 108.4
4 B B 146.8 147.8
1 B B 134.1 132.8
2 6.96 (1H, s) 6.86 (1H, 5) 106.5 106.4
6 6.87 (1H, 5) 6.81 (1H, 5) 119.5 119.6
7 4.69 (1H, d, ] = 6.3 Hz) 4.62 (1H,d, ] = 7.0 Hz) 85.3 86.1

9 448 (1H,dd, =9.4,69 Hz, H-9'a ); 4.51 (1H, m, H-9’a); 4.21 (1H, dd, ] =3.5 Hz, 0l .

4.18 (1H, 1, ] = 8.6 Hz, H-9’b) J=9.5Hz, H-9’b)
9 _ B 178.5 178.1
434(1H,dd,J=9.5, 1.8 Hz, H-Ta);  4.38 (1H,d,J = 7.0 Hz, H-Ta), 4.35 (1H, m,

7 3.95 (1H, dd, T = 9.0, 3.2 Hz, H-T'b) H-7b) 95 603
8 3.09 (1H, dtd, ] = 8.6, 6.8, 1.8 Hz, H-8) 3.10 (1H, m) 458 46
8 3.57 (1H, td, T = 8.7, 3.2 Hz) 3.45 (1H, td, T = 9.5, 3.5Hz2) 47.6 484
10 6.00 (2H, 5) 5.99 (2H, s) 101 101.3
Compound10
NO. "H NMR data(Exp) 'HNMR data(Ref 14) C NMR data(Exp) C NMR data(Ref 14)
1 — — 178.3 178
2 2.70 (1H,d, 1 = 5.0 Hz) 270 (1H, d, 1 = 5.0 Hz) 45.6 46.1
3 2.57-2.36 (1H, m) 2.57-2.36 (1H, m) 40.8 40.7
,  410(IH,d.J=7.2Hz H-4a), 3.8 (1H, 4.10 (1, d.J = 7.2 Hz, H-4a), 3.88 (IH, 0 07
d,J =7.2 Hz, H-4b) d,J=7.2 Hz, H-4b)
5 2.57-2.36 (2H, m) 2.57-2.36 (2H, m) 33.7 34.1
I — — 131.2 130.3
2 6.95 - 6.39 (1H, m) 6.95 - 6.39 (1H, m) 113.2 112.6
3 148.7 148.9
4 o B 147.5 147.7
5 6.95 - 6.39 (1H, m) 6.95 - 6.39 (1H, m) 111.9 112
6 6.95 - 6.39 (1H, m) 6.95 - 6.39 (1H, m) 121.2 121.1
1 — — 130.6 130
o 6.95— 6.39 (1H, m) 6.95 - 6.39 (1H, m) 112.5 112.6
3 148.6 148.9
4 o B 147.4 147.7
5 6.95 - 6.39 (1H, m) 6.95 - 6.39 (1H, m) 111.8 111.4
6" 6.95— 6.39 (1H, m) 6.95 - 6.39 (1H, m) 120.4 120.3
7 2.82 (2H, dt, 7 =20.0, 11.3 Hz) 2.82 (2H, dt, I =20.0, 11.3 Hz) 36.9 37.97
f,_’gc’én’ 3.71 (12H, s) 3.71 (12H, s) 55.4 55.5
Compound] 1
NO. '"H NMR data(Exp) '"HNMR data(Ref 15) BCNMR data(Exp)  "“C NMR data(Ref 15)
1 — — 135.3 1343
2 6.84 - 6.53 (1H, m) 6.78 — 6.60 (1H, m) 107.7 108.1
3 — — 147 147.6
4 — — 145 145.8
5 6.84 — 6.53 (1H, m) 6.78 — 6.60 (1H, m) 109.2 109.3
6 6.84 — 6.53 (1H, m) 6.78 — 6.60 (1H, m) 121.7 121.8
7 2.60-2.42 (1H, m) 2.65 (1H, m) 34 35.9
8 1.92 - 1.72 (1H, m) 1.81 (1H, m) 55.5 55.9
9 3.44-3.36 (2H, m) 3.51 (2H, m) 60.2 60.6
I — — 133.9 133
2 6.84 - 6.53 (1H, m) 6.78 - 6.60 (1H, m) 111.7 1.1
3 148.5 148.9
4 o B 146.8 147.4
5 6.84 - 6.53 (1H, m) 6.78 - 6.60 (1H, m) 112.6 112
6' 6.84 - 6.53 (1H, m) 6.78 - 6.60 (1H, m) 120.8 121
7 2.60-2.42 (1H, m) 2.65 (1H, m) 33.9 35.8
8 1.92 - 1.72 (1H, m) 1.81 (1H, m) 42.4 4.1
9 3.44-3.36 (2H, m) 3.51 (2H, m) 60.1 60.5
@4~ 3.71 (3H, s), 3.68 (3H, 5) 3.84 (3H, s),3.81 3H, 5) 55.5 55.8

OCH3)



g
5
(3-OCH3)
(3-OCH3)

z
o

O 00 2 N R WD —

(3, 5-OCH3)
(3, 5-OCH3)

(3", 5"-OCH3)

'"H NMR data(Exp)
6.92 (1H, s)
6.77 (1H, s)
6.75 (1H, 5)

5.56 (1H, d, ] = 6.7 Hz)
3.53 (1H, dd, J = 12.1,
6.0 Hz)

3.73 - 3.62 (2H, m)

7.32 (1H, 5)

7.32 (1H, s)
7.65 (1H,d, J = 15.7
Hz)

6.80 (1H, d,J =7.8 Hz)
9.60 (1H, d,J = 7.8 Hz)
3.75 (3H, s)

3.84 (3H, s)

'"H NMR data(Exp)
6.60 (1H, s)
6.60 (1H, s)

4.64 (1H, d, 1 =3.7 Hz)

3.11 (1H, m)

4.21 - 4.09 (2H, m)
6.65 (1H, s)
6.65 (1H, s)

421 - 4.09 (1H, m, H-7a);
4.01 (1H, dd, J = 10.0,5.8
Hz, H-7'b)

3.11 (1H, m)

4.64 (1H,d,J = 3.7 Hz)
6.60 (1H, s)

6.60 (1H, s)

5.17 - 5.09 (1H, m)

Compound12

4.81 (1H,dd,J=7.8,4.6 Hz) 4.81 (1H,dd,J =7.8,4.6 Hz)

3.93 (1H, m)
3.77 (6H, s)
3.75 (6H, s)
3.73 (6H, s)

'HNMR data(Ref 16) C NMR data(Exp)
— 131.7
6.93 (1H, s) 110.5
— 147.6
— 146.6
6.76 (1H, s) 115.4
6.76 (1H, s) 118.7
5.56 (1H, d, ] = 6.6 Hz) 88.1
3.54 (1H, m) 52.4
3.67 (2H, m) 62.7
— 127.7
7.32 (1H, s) 112.6
— 144.1
150.7
— 130.1
7.32 (1H, s) 118.9
7.65 (1H, d,J = 16.0 Hz) 153.9
6.80 (1H, d, ] =7.8 Hz) 126.1
9.60 (1H, d, ] = 7.8 Hz) 194
3.75 3H, s) 55.7
3.84 3H, s) 55.8
Compound13
'HNMR data(Ref 17) C NMR data(Exp)
— 132.4
6.59 (1H, s) 103.7
— 147.9
— 134.9
— 147.9
6.59 (1H, s) 103.7
476 (1H,d, ] = 3.4 Hz) 85.1
3.11 (1H, m) 53.6
4.12 (2H, m) 711
— 136.8
6.64 (1H, 5) 103.7
— 152.6
— 134.9
— 152.6
6.64 (1H, 5) 103.7
4.12 (2H, m) 71.2
3.11 (1H, m) 53.7
4.76 (1H,d, ] = 3.4 Hz) 85.3
— 1314
6.59 (1H, s) 104.3
— 147.4
— 134.3
— 147.4
6.59 (1H, s) 103.3
4.98 (1H, m) 72.4
86.2
3.93 (1H, m) 59.9
3.87 (6H, 5) 56
3.89 (6H, 5) 56
3.90 (6H, 5) 55.9

C NMR data(Ref 16)
131.8
110.5
147.7
146.7
115.5
118.8
88.3

525

62.8
127.8
112.6
144.2
150.8
130.3
118.8

154.2

126.2
194.2
55.7
55.9

C NMR data(Ref 17)
132.1
103
147.4
134.2
147.4
103
86
54,5
71.8
137.9
103
153.6
134.6
153.6
103

71.8

54.5
86
130.6
103
147.2
134.5
147.2
102.8
72.2
86.1
60.6
56.5
56.5
56.4
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(3, 5-OCH3)
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"H NMR data(Exp)
6.64 (1H, s)
6.64 (1H, s)
4.67(1H,d,] = 3.4 Hz)
3.12 - 2.99 (1H, m)

4.03 (2H, d, J = 3.0 Hz, H-
9a, 7’a), 3.85 — 3.79 (2H, m,

H-9b, 7°b)
6.64 (1H, s)

6.64 (1H, s)

4.03 (2H, d, J = 3.0 Hz, H-
9a, 7’a), 3.85 - 3.79 (2H, m,

H-9b, 7°b),
3.12—2.99 (1H, m)
4.67 (1H,d,J =3.4 Hz)
6.76 — 6.67 (1H, m)
6.76 — 6.67 (1H, m)

6.92 (1H, s)
5.10 (1H, d, 7 =2.5 Hz)

4.23 - 4.16 (1H, m)
4.14 - 4.07 (2H, m)
6.76 — 6.67 (1H, m)
6.76 — 6.67 (1H, m)

6.92 (1H, s)
5.10 (1H, d,J =2.5 Hz)

4.23 - 4.16 (1H, m)
4.14 - 4.07 2H, m)

3.75(18H,d,] =84 Hz 3,3

’,37,5,5,5-0CH3)

Compound14

'"HNMR data(Ref 18)

6.69 (1H, s)

6.69 (1H, s)
4.67(1H,d,] =3.7 Hz)

3.06 (1H, m)

3.70 (2H, m)

6.69 (1H, s)

6.69 (1H, s)
3.70 (2H, m)

3.06 (1H, m)
4.67 (1H, d,J=3.7 Hz)
6.72 (1H, m)
6.72 (1H, m)
6.91 (1H, s)
4.79 (1H, dd,
J=5.0, 3.2Hz)
4.2 (1H, m)
4.10 (2H, m)
6.72 (1H, m)
6.72 (1H, m)

6.91 (1H, s)
4.79(1H, dd,
J=5.0, 3.2Hz)

4.2 (1H, m)

4.10 (2H, m)

3.76 (12H, s)
3.73 (6H, 5)

C NMR data(Exp)

134.8
103.3
152.6
136.8
152.6
103.3
85.1

53.6

71.3

134.8
103.3
152.6
136.8
152.6
103.3

71.3

53.6
85.1
133.3
119.4
114.6
145.3
146.9
111

72.1
86.1
59.8
133.3
119.4
114.6
145.3

146.9
111

72.1
86.1
59.8
56
56
55.5

C NMR data(Ref 18)

134.8
103.3
152.6
136.8
152.6
103.3
85.1

53.7

71.3

134.8
103.3
152.6
136.8
152.6
103.3

71.3

53.7
85.1
133.3
119.4
114.6
145.3
147
110.9

72.1
86.2
60
133.3
119.4
114.6
145.3

147
110.9

72.1
86.2
60
56
56
55.5



