An approach toward 17-arylsubstituted marginatafuran-type isospongian diterpenoids via a palladium-catalyzed Heck—Suzuki cascade
reaction of 16-bromolambertianic acid
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Supporting Information

Figures S1-546 NMR H and 3C spectra of compounds 5, 7a-j, 8b,¢,d,j, 9-12, 13a-c, 14a.



(1S,4aR,5S,8aR)-5-(2-(2-bromofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (5) ("H NMR, 400 MHz, CDCl5)
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(1S,4aR,5S,8aR)-5-(2-(2-bromofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (5).
(*C NMR, 126 MHz, CDCls)
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(3bS,5aR,6S,9aR,9bR)-3b-benzyl-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7a) ('H NMR,
600 MHz, CDCl»)
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(3bS,5aR,6S8,9aR,9bR)-3b-benzyl-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7a)

(*C NMR, 151 MHz, CDCl;)
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(3bS,5aR,6S8,9aR,9bR)-3b-(2-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7b)
("H NMR, 400 MHz, CDCl;)
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(3bS,5aR,6S,9aR,9bR)-3b-(2-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b|furan-6-carboxylic acid (7b)
(C NMR, 75 MHz, CDCl)

NO®
<TOom
NN ©
~N~ N
T
] o
E o
0.4 7 <'7>
0.35 o
B )
E Ts
1 @ J52) - 2 ¥ ~o
S = @© 0
02 1 o S o Yol 59 N
> 1 © 2 < S > e
= H - © © ~ o | \‘_HH
2 7 o o 2 =3 AR ~
2 ] = o | N Qo
£ © o =«
0.1 1 © © |5
E T
o M\MA b " WA sty A by T i
0.1 1 @ A nt
E o = 8 L S
] ~ N P N hal
1 EN g @ aa \ \
® = N | o N
02 3 o o =
¢ N 0 w
3 2 5 8
A B AN o L I I A B o S aa Ra o
184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16

Chemical Shift (ppm)



(1S,4aR,58,8aR)-5-(2-(2-(2-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8b)
("H NMR, 400 MHz, CDCI;)
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(18,4aR,5S,8aR)-5-(2-(2-(2-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8b)
(*C NMR, 126 MHz, CDCl;)
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(3bS,5aR,6S8,9aR,9bR)-3b-(4-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7c)
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(3bS,5aR,6S,9aR,9bR)-3b-(4-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7c)
(C NMR, 126 MHz, CDCls)
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(1S,4aR,58,8aR)-5-(2-(2-(5-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8c)
("H NMR, 400 MHz, CDCl;)
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(1S,4aR,5S,8aR)-5-(2-(2-(5-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8c)
(C NMR, 75 MHz, CDCls)
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(3bS,5aR,68,9aR,9bR)-3b-(4-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid
(7d) ("H NMR, 400 MHz, CDCl5)
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(3bS,5aR,68,9aR,9bR)-3b-(4-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid
(7d) (*C NMR, 75 MHz, CDCl;)
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Intensity

(1S,4aR,58,8aR)-5-(2-(2-(4-methoxyphenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8d)
("H NMR, 400 MHz, CDCI;)
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Intensity

(1S,4aR,5S,8aR)-5-(2-(2-(4-methoxyphenyl)furan-3-yl)ethyl)- 1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8d)
(C NMR, 75 MHz, CDCls)
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(5aR,6S8,9aR,9bR)-6,9a-dimethyl-3b-(2-methylbenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7i)
("H NMR, 400 MHz, CDCI;)
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Intensity

(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(2-methylbenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7i)
(*C NMR, 126 MHz, CDCls)
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(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(3,4,5-trimethoxybenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid
(7j) ("H NMR, 300 MHz, CDCl5)
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(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(3,4,5-trimethoxybenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid

Intensity

(7)) (°C NMR, 126 MHz, CDCl;)

Chemical Shift (ppm)
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Intensity

(1S,4aR,58,8aR)-1,4a-dimethyl-6-methylene-5-(2-(2-(3,4,5-trimethoxyphenyl)furan-3-yl)ethyl)decahydronaphthalene-1-carboxylic acid (8j)
("H NMR, 300 MHz, CDCl;)
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Intensity

(1S,4aR,5S,8aR)-1,4a-dimethyl-6-methylene-5-(2-(2-(3,4,5-trimethoxyphenyl) furan-3-yl ethy)decahydronaphthalene-1-carboxylic acid (8j)
(®*C NMR, 151 MHz, CDCl;)
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Intensity

(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(4-(trifluoromethyl)benzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthrof1,2-b]furan-6-carboxylic
acid (7e) (‘"H NMR, 400 MHz, CDCl)
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(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(4-(trifluoromethyl)benzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthrof1,2-b]furan-6-carboxylic
acid (7e) (*C NMR, 126 MHz, CDCl;)
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(3bS,5aR,6S,9aR,9bR)-3b-(4-cyanobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10, 1 1-dodecahydrophenanthro[1,2-b[furan-6-carboxylic acid (7f)

("H NMR, 600 MHz, CDCI)
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(3bS,5aR,6S8,9aR,9bR)-3b-(4-cyanobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7f)

(®*C NMR, 151 MHz, CDCl;)
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(3bS,5aR,6S8,9aR,9bR)-3b-(3-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7g)

("H NMR, 300 MHz, CDCl;)
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(3bS,5aR,6S8,9aR,9bR)-3b-(3-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7g)

(*C NMR, 126 MHz, CDCls)
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(3bS,5aR,6S8,9aR,9bR)-3b-(3-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid
(7h) ("H NMR, 500 MHz, CDCls)
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(3bS,5aR,6S,9aR,9bR)-3b-(3-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,1 1-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid
(7h) (*C NMR, 126 MHz, CDCls)
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(1S8,4aR,5S,8aR)-5-(2-(2-bromo-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (9)
("H NMR, 300 MHz, CDCl;)
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(18,4aR,58,8aR)-5-(2-(2-bromo-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (9)

(*C NMR, 126 MHz, CDCls)
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(1S,4aR,58,8aR)-5-(2-(2-bromo-5-cyanofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (10)

("H NMR, 300 MHz, CDCI;)
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(1S,4aR,58,8aR)-5-(2-(2-bromo-5-cyanofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (10)

(C NMR, 75 MHz, CDCls)
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(18,4aR,58,8aR)-5-(2-(2-bromo-5-(hydroxymethyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (11)

("H NMR, 300 MHz, CDCl;)
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(18,4aR,58,8aR)-5-(2-(2-bromo-5-(hydroxymethyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (11)

(*C NMR, 126 MHz, CDCl;)
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(1S,4aR,58,8aR)-5-(2-(2-bromo-5-((methylamino)methyl) furan-3-yl)ethyl)- 1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid
(12) (‘"H NMR, 500 MHz, CDCl;)
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(1S,4aR,58,8aR)-5-(2-(2-bromo-5-((methylamino)methyl) furan-3-yl)ethyl)- 1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid
(12) (*C NMR, 75 MHz, CDCl;)
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(1S,4aR,58,8aR)-5-(2-(5-formyl-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13a)

("H NMR, 500 MHz, CDCI;)
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Intensity

(1S,4aR,58,8aR)-5-(2-(5-formyl-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13a)

(*C NMR, 151 MHz, CDCls)
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(1S,4aR,58,8aR)-5-(2-(2-(4-cyanophenyl)-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13b)

("H NMR, 300 MHz, CDCI;)
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Intensity

(1S,4aR,58,8aR)-5-(2-(2-(4-cyanophenyl)-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13b)

(*C NMR, 101 MHz, CDCls)

S <
< T o
Yo} [+o)
| s & I - 483 T 3
] 8 g8 2 8 7 3 <= NN 2%y  BISN
17 5 | . @ T R PR D
] e g s 385 dree
| o | \ [ 5 |
| A ) ! LV A o)
0 ' [y e+
] L
] E &
1 N o & iR
’ 53 2 ¥
-0.5 ] > N
1.0 @
g L
: N
&g
T T T T T T T T T T T T e T e
184 176 168 160 152 144 136 128 120 112 104 9 88 80 72 64 56 48 40 32 24 16

Chemical Shift (ppm)



(1S8,4aR,5S,8aR)-5-(2-(5-formyl-2-(3,4,5-trimethoxyphenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid
(13¢) ("H NMR, 400 MHz, CDCl5)
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(1S,4aR,58,8aR)-5-(2-(5-formyl-2-(3,4,5-trimethoxyphenyl) furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid
(13¢) (*C NMR, 126 MHz, CDCl;)
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(1S,4aR,5S,8aR)-5-(2-(5-cyano-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (14a) ('"H NMR, 400
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(1S,4aR,5S,8aR)-5-(2-(5-cyano-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (14a)

(*C NMR, 126 MHz, CDCls)
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