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Synthesis of enantiomerically pure 2,9-dicycloalkyl substituted
perhydro hexaazadibenzotetracenes

Victor Yu. Kirsanov and Elena B. Rakhimova
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Figure S1 Application of trans-1,2-diaminocyclohexane derivatives.
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General information. The 'H and *C NMR spectra, including two dimensional homo- (COSY) and
heteronuclear (HSQC, HMBC) spectra, were recorded on a Bruker Avance 500 spectrometer (500.17
MHz for *H and 125.78 MHz for *C) or a Bruker Avance 400 spectrometer (400.13 MHz for *H and
100.61 MHz for *C) according to standard Bruker protocols using CDCls as solvent and TMS as internal
standard. The high-resolution mass spectra were recorded on a Bruker MaXis Impact instrument (TOF
mass analyzer, electrospray ionization). The melting points were measured on a PHMK 80/2617 melting
point apparatus. Specific rotations were measured on Perkin-Elmer-341 polarimeter. Commercially

available reagents used in this work were purchased from Sigma—Aldrich and Acros Organics.
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Recyclization of 1,3,5-tricycloalkyl-1,3,5-triazinanes with (R,R,R,R)-/(S,S,S,S)-perhydro-
5,6,11,12-tetraazatetracenes (2, 2') (general method). A round-bottomed flask equipped with a
magnetic stirrer bar was charged with MeOH (5 mL), NiCl>6H20 (0.012 g, 0.05 mmol), and the
appropriate 1,3,5-tricycloalkyl-1,3,5-triazinane (2.00 mmol), prepared in situ by the reported
procedure [S9,510], and the mixture was stirred at r.t. for 30 min. (R,R,R,R)-/(S,S,S,S)-Perhydro-
5,6,11,12-tetraazatetracenes (2 or 2'; 1.00 mmol) in MeOH (5 mL), prepared by the reaction of
(R,R)-(-)/(S,S)-(+)-1,2-diminocyclohexanes (0.23 g, 2.00 mmol) with 40 wt% aq glyoxal (0.14 g,
1.00 mmol) was added, and the mixture was stirred at 20 °C for 3 h, then concentrated. The white
precipitate was filtered and washed twice with MeOH (5 mL). Compounds 3a—e and 3'a—e were

obtained as white powders. The final products 3a—e and 3'a—e were identified by spectroscopic

methods.
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Analytical data for compounds 3a—¢, 3'a—e
3'Y2' (3bR,7aR,10bR,14aR,cis-14c,14d)-2,9-Dicyclopropyl-octadecahydro-1H,8H-
2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3a). White powder; yield
s M KHW . 0.19 g (46%); mp 246-248 °C; Rt 0.75 (MeOH), [o]o —28.9 (22 °C, ¢ 0.057,
(\Ej[j\j CHCls). 'H NMR (500.17 MHz, CDCls): & = 0.29-0.34 and 0.40-0.49 (m, 8H,
R ,,,kHJ CHp, H-2',2",3",3"), 0.97 (qd, Ja = 12.5 Hz, 3J = 3.5 Hz, 2H, CHy, H.-7,14),
A 1.17-1.32 (m, 6H, CH, H.-4,5,6,11,12,13), 1.60-1.64 (m, 2H, CH, H-1',1"),
e 1.69-1.79 (m, 4H, CHaz, Hv-4,5,11,12; 2H, CH, H-7a,14a), 1.98-2.07 (m, 4H,

CHaz, Hp-6,7,13,14), 2.56 (d, 2Ja» = 8.5 Hz, 2H, CHa, H.-1,8), 3.21 (d, 2Jap = 12
Hz, 2H, CHz, H,-3,10), 3.22-3.25 (m, 2H, CH, H-3b,10b), 3.32 (br. s, 2H, CH,
H-14c,14d), 4.19 (d, 2Jpa = 12 Hz, 2H, CHz, Hy-3,10), 4.25 (d, 2Jpa = 8 Hz, 2H,
CH,, Hp-1,8). 3C NMR (125.78 MHz, CDCls): & = 5.3 and 5.9 (C-2',2",3",3"),
24.4 (C-4,11), 24.6 (C-5,12), 27.1 (C-6,13), 28.2 (C-7,14), 33.1 (C-1',1"), 55.3
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(C-3b,10b), 63.9 (C-7a,14a), 68.7 (C-3,10), 74.4 (C-1,8), 77.7 (C-14c,14d). Anal.
Calcd for CasHaoNs: C, 69.86; H, 9.77; N, 20.37. Found: C, 69.72; H, 9.70; N,
20.23.
(3bS,7aS,10bS,14aS,cis-14c¢,14d)-2,9-Dicyclopropyl-octadecahydro-1H,8H-
2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3'a). White powder; yield
0.18 g (44%); mp 240-242 °C; Rf 0.75 (MeOH), [a]o +26.2 (22 °C, ¢ 0.141,
CHCl3). *H NMR (500.17 MHz, CDCls): § = 0.29-0.34 and 0.39-0.49 (m, 8H,
CHz, H-2',2".3",3"), 0.97 (qd, 2Jar = 12 Hz, 3J = 3 Hz, 2H, CHy, H.-7,14), 1.16-
1.33 (m, 6H, CH», H.-4,5,6,11,12,13), 1.59-1.64 (m, 2H, CH, H-1',1"), 1.69—
1.79 (m, 4H, CH2, Hp-4,5,11,12; 2H, CH, H-7a,14a), 1.98-2.07 (m, 4H, CH2, Hp-
6,7,13,14), 2.57 (d, 2Ja = 8.5 Hz, 2H, CHa, H.-1,8), 3.21 (d, %Ja = 12 Hz, 2H,
CHaz, H.-3,10), 3.22-3.25 (m, 2H, CH, H-3b,10b), 3.32 (br. s, 2H, CH, H-
14c,14d), 4.19 (d, 2Jba = 12 Hz, 2H, CHz, Hp-3,10), 4.26 (d, %Jpa = 8.5 Hz, 2H,
CHz, Hp-1,8). 3C NMR (125.78 MHz, CDCls): § = 5.3 and 5.9 (C-2'2",3",3"),
24.3 (C-4,11), 24.6 (C-5,12), 27.1 (C-6,13), 28.2 (C-7,14), 33.1 (C-1',1"), 55.3
(C-3b,10b), 63.9 (C-7a,14a), 68.7 (C-3,10), 74.3 (C-1,8), 77.7 (C-14c,14d). Anal.
Calcd for CasHaoNs: C, 69.86; H, 9.77; N, 20.37. Found: C, 69.75; H, 9.71; N,
20.23.
(3bR,7aR,10bR,14aR,cis-14c,14d)-2,9-Dicyclopenthyl-octadecahydro-
1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3b). White
powder; yield 0.26 g (55%); mp 228-230 °C; Rf 0.74 (MeOH), [o]o —41.7
(21°C, ¢ 0.145, CHCIl3). *H NMR (400.13 MHz, CDCls3): § = 0.91-1.01 (m,
2H, CHz, H,-7,14), 1.16-1.27 (m, 4H, CH,, H.-5,6,12,13), 1.33-1.42 (m,
4H, CH2, Ha-4,11; H,.-2'.2"), 1.46-1.58 (m, 6H, CHa2, H,.-3",3",4',4""5',5"),
1.64-1.84 (m, 12H, CH2, H»-4,5,11,12; Hp-2',2",3",3",4',4"5' 5", 2H, CH,
H-7a,14a), 1.96 (d, 2Jba = 10 Hz, 2H, CH>, Hp-6,13), 2.06 (d, 2Jpa = 10.8
Hz, 2H, CHa, Hp-7,14), 2.28 (d, 2Jab = 7.6 Hz, 2H, CH>, H,-1,8), 2.34-2.42
(m, 2H, CH, H-1',1"), 2.91 (d, 2Ja = 11.6 Hz, 2H, CH>, H,-3,10), 3.27 (br.
s, 2H, CH, H-14c,14d), 3.31-3.35 (m, 2H, CH, H-3b,10b), 4.21 (d, %Jpa =
11.6 Hz, 2H, CHz, Hp-3,10), 4.30 (d, 2Jpa = 7.6 Hz, 2H, CHz, Hy-1,8). 13C
NMR (100.61 MHz, CDCls): & = 23.9 (C-3',3",4',4"), 24.3 (C-4,11), 24.7
(C-5,12), 27.2 (C-6,13), 28.2 (C-7,14), 30.0 and 30.1 (C-2',2",5",5"), 55.1
(C-3b,10b), 62.4 (C-1',1"), 63.8 (C-7a,14a), 68.5 (C-3,10), 74.2 (C-1,8),
77.5 (C-14c,14d). Anal. Calcd for CogHagNe: C, 71.75; H, 10.32; N, 17.93.
Found: C, 71.65; H, 10.24; N, 17.81.
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— (3bS,7aS,10bS,14aS,cis-14¢,14d)-2,9-Dicyclopenthyl-octadecahydro-
N 1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3'b). White
H 'EETH ) powder; yield 0.27 g (58%); mp 230-232 °C; R 0.74 (MeOH), [a]p +44.1
E/ENIND (21 °C, ¢ 0.111, CHCIl3). *H NMR (400.13 MHz, CDCls): & = 0.92-1.02
NN N H (m, 2H, CHz, H.-7,14), 1.16-1.28 (m, 4H, CHa, H.-5,6,12,13), 1.32-1.43

= N =

11H
K (m, 4H, CHz, Ha4,11; Ha-2'2"), 1.44-158 (m, 6H, CHz, Ha-
N 3,3",4',4"5'5"), 1.63-1.87 (m, 12H, CHz, Hv-451112; Hp
2'2"3' 3" 4' 4”5’ 5"; 2H, CH, H-7a,14a), 1.96 (d, 2Jra = 10 Hz, 2H, CHa,

Hb-6,13), 2.06 (d, 2Jpa = 11.2 Hz, 2H, CHy, Hp-7,14), 2.28 (d, 2Ja» = 8 Hz,
2H, CHa, Ha-1,8), 2.34-2.42 (m, 2H, CH, H-1/,1"), 2.91 (d, 2Jar = 11.6 Hz,
2H, CHa, H.-3,10), 3.27 (br. s, 2H, CH, H-14c,14d), 3.30-3.36 (m, 2H,
CH, H-3b,10b), 4.21 (d, 2Jpa = 11.2 Hz, 2H, CHa, H-3,10), 4.30 (d, 2Jpa =
7.6 Hz, 2H, CHa, Hp-1,8). *C NMR (100.61 MHz, CDCls): & = 23.9 (C-
3'.,3".4'4"), 24.3 (C-4,11), 24.7 (C-5,12), 27.2 (C-6,13), 28.2 (C-7,14),
30.0 and 30.1 (C-2,2",5',5"), 55.1 (C-3b,10b), 62.4 (C-1',1"), 63.8 (C-
7a,14a), 68.5 (C-3,10), 74.2 (C-1,8), 77.5 (C-14c,14d). Anal. Calcd for
CosHagNe: C, 71.75; H, 10.32; N, 17.93. Found: C, 71.68; H, 10.25; N,
17.82.
X (3bR,7aR,10bR,14aR,cis-14c,14d)-2,9-Dicyclohexyl-octadecahydro-

5 3

N 1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3c). White

; IrZETH powder; yield 0.25 g (50%); mp 232-234 °C; R¢0.72 (MeOH), [a]o —42.9

BN Wiij\js (22 °C, ¢ 0.49, CHCIs). 'H NMR (500.17 MHz, CDCls3): & = 0.88-0.98 (m,
R L _10a 14}1\?’ é7aR

) N * 2H, CHa, H.-7,14), 1.08-1.35 (m, 18H, CH,, H.4,56,11,12,13; H,-
N 2123375 5" 66", H-4'4"), 1.58-1.63 (m, 2H, CHz, Hp-5',5"), 1.69—
1.80 (m, 8H, CHaz, Hp-4,5,11,12; Hp-3',3",6',6"; 2H, CH, H-7a,14a), 1.84—
1.88 (m, 2H, CHa, Hp-2,2"), 1.94-2.03 (m, 4H, CHa, Hp-6,7,13,14), 2.23—

2.27 (m, 2H, CH, H-1',1"), 2.66 (d, 2Ja= 7.5 Hz, 2H, CH>, H,-1,8), 3.18 (d,
2Jap = 11.5 Hz, 2H, CH2, H.-3,10), 3.24 (br. s, 2H, CH, H-14c,14d), 3.28—
3.32 (m, 2H, CH, H-3b,10b), 4.20 (d, 2Jsa = 9.5 Hz, 4H, CH, Hp-1,3,8,10).
13C NMR (125.78 MHz, CDCls): & = 24.4 (C-4,11), 24.7 (C-5,12), 25.7
(C-3,3"), 26.0 (C-4',4"), 26.2 (C-5',5"), 27.2 (C-6,13), 28.0 (C-2',2"), 28.2
(C-7,14), 30.3 (C-6',6"), 54.8 (C-3b,10b), 60.4 (C-1/,1""), 63.8 (C-7a,14a),
65.1 (C-3,10), 72.3 (C-1,8), 78.0 (C-14c,14d). Mass-spectrum: Found m/z
497.4323 [M + H]*, Calculated for CsoHs3Ng* 497.4332.

S4



14H I/HwH4

5
1405 14;7 ,4 3 Y3bs
1068 | 104 [4d 7, 7as

Tala)

/0N

1"
o 6"
3 5

4"

6 3
7' 2
I

X ( HW

I(JbR ,,7 14db \7aR p
W

1 H l\HJ

10 N

o 7n
3 6"

o 5

(8bS,7aS,10bS,14aS,cis-14c¢,14d)-2,9-Dicyclohexyl-octadecahydro-
1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3'c). White
powder; yield 0.24 g (48%); mp 230-232 °C; R;0.72 (MeOH), [a]p +46.9
(22 °C, ¢ 0.37, CHCIs). *H NMR (500.17 MHz, CDCl3): & = 0.90-0.98 (m,
2H, CH, H,-7,14), 1.10-1.35 (m, 18H, CH», H.-4,5,6,11,12,13; Ha-
2'2"3'3".5'.5".6'6", H-4',4"), 1.58-1.62 (m, 2H, CH2, Hp-5".5"), 1.71—
1.80 (m, 8H, CH2, Hv-4,5,11,12; Hp-3',3",6',6"; 2H, CH, H-7a,14a), 1.83—
1.87 (m, 2H, CHz, Hp-2',2"), 1.92-2.03 (m, 4H, CH>, Hp-6,7,13,14), 2.24—
2.28 (m, 2H, CH, H-1',1""), 2.66 (d, ?Jab= 6 Hz, 2H, CH2, Ha-1,8), 3.16 (d,
2)ap = 11 Hz, 2H, CHp, H,-3,10), 3.24 (br. s, 2H, CH, H-14c,14d), 3.28—
3.31 (m, 2H, CH, H-3b,10b), 4.20 (d, 2Jsa = 8 Hz, 4H, CH>, Hp-1,3,8,10).
13C NMR (125.78 MHz, CDClg): & = 24.4 (C-4,11), 24.7 (C-5,12), 25.7
(C-3',3"), 26.0 (C-4',4"), 26.2 (C-5',5"), 27.2 (C-6,13), 28.0 (C-2',2"), 28.2
(C-7,14), 30.3 (C-6",6"), 54.8 (C-3b,10b), 60.4 (C-1',1"), 63.8 (C-7a,14a),
65.1 (C-3,10), 72.3 (C-1,8), 78.0 (C-14c,14d). Mass-spectrum: Found m/z
497.4321 [M + H]", Calculated for CzoHs3Ne* 497.4332.
(3bR,7aR,10bR,14aR,cis-14c,14d)-2,9-Dicycloheptyl-octadecahydro-
1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3d). White
powder; yield 0.28 g (53%); mp 216-218 °C; Rt 0.73 (MeOH), [a]po —51.8
(23 °C, ¢ 0.54, CHCIs). *H NMR (500.17 MHz, CDCls): § = 0.93 (qd, 2Jab
= 12.5 Hz, 3 = 3 Hz, 2H, CH>, H,-7,14), 1.15-1.30 (m, 4H, CH>, H.-
5,6,12,13), 1.32-1.44 (m, 8H, CH2, H.-4,11; H.-2',2",3",3",6',6"), 1.46—
1.58 (m, 10H, CHz, H-4',4",5",5"; Ha-7',7"") 1.63-1.68 (m, 4H, CHz2, Hp-
3',3",6',6"), 1.70-1.78 (m, 4H, CH2, Hp-4,5,11,12; 2H, CH, H-7a,14a),
1.80-1.86 (m, 4H, CHa, Hp-2',2",7',7"), 1.96 (d, ?Jpa = 11.5 Hz, 2H, CHy,
Hp-6,13), 2.03 (d, ZJba = 11.5 Hz, 2H, CH,, Hy-7,14), 2.48-2.51 (m, 2H,
CH, H-1/,1"), 2.66 (d, 2Jao = 7.5 Hz, 2H, CHp, H,-1,8), 3.20 (br. s, 2H,
CH>, H.-3,10), 3.22 (br. s, 2H, CH, H-14c,14d), 3.27-3.32 (m, 2H, CH, H-
3b,10b), 4.11 (d, 2Jpa = 12 Hz, 2H, CHz, Hb-3,10), 4.12 (br. s, 2H, CHaz, Hy-
1,8). 3C NMR (125.78 MHz, CDCl3): & = 24.4 (C-4,11), 24.8 (C-5,12),
25.4 and 25.5 (C-3',3",6',6""), 27.2 (C-6,13), 27.8 and 27.9 (C-4',4",5',5"),
28.3 (C-7,14), 28.4 (C-2',2"), 32.4 (C-7',7"), 54.7 (C-3b,10b), 62.4 (C-
1',1"), 64.0 (C-7a,14a), 64.4 (C-3,10), 72.5 (C-1,8), 78.0 (C-14c,14d).
Anal. Calcd for Cs2HssNe: C, 73.23; H, 10.76; N, 16.01. Found: C, 73.12;
H, 10.67; N, 15.90.
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— (8bS,7aS,10bS,14aS,cis-14c¢,14d)-2,9-Dicycloheptyl-octadecahydro-
6Q3' 1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3'd). White

o powder; yield 0.27 g (52%); mp 218-220 °C; R¢ 0.73 (MeOH), [a]o +49.8
, ’&ﬂNjg . (23°C, ¢ 0.615, CHCls).*H NMR (500.17 MHz, CDCls): & = 0.93 (qd, 2Ja
E/EID = 12 Hz, %) = 3 Hz, 2H, CHz, H.-7,14), 1.14-1.30 (m, 4H, CHz, Ha-
i NLH)N H 5,6,12,13), 1.32-1.46 (m, 8H, CH, H,-4,11; H,-2',2",3'3".6,6"), 1.48—
TN 1.57 (m, 10H, CH2, H-4',4",5",5"; Ha-7',7") 1.63-1.68 (m, 4H, CHaz, Hp-
O 3',3",6',6"), 1.70-1.78 (m, 4H, CHa, Hp-4,5,11,12; 2H, CH, H-7a,14a),
1.79-1.85 (m, 4H, CHz, Hpb-2',2",7',7"), 1.96 (d, 2Jba = 12 Hz, 2H, CHa, Hp-
6,13), 2.02 (d, 2Jpa = 11 Hz, 2H, CHy, Hp-7,14), 2.48-2.51 (m, 2H, CH, H-
1,1"), 2.67 (d, 2Ja» = 8 Hz, 2H, CH>, H,-1,8), 3.20 (br. s, 2H, CHz, Ha-
3,10), 3.22 (br. s, 2H, CH, H-14c,14d), 3.27-3.32 (m, 2H, CH, H-3b,10b),
4.11 (d, 2pa = 11.5 Hz, 2H, CHz, Hp-3,10), 4.12 (br. s, 2H, CHz, Hp-1,8).
13C NMR (125.78 MHz, CDClg): & = 24.4 (C-4,11), 24.8 (C-5,12), 25.4
and 25.5 (C-3',3",6',6"), 27.2 (C-6,13), 27.8 and 27.9 (C-4',4",5',5"), 28.3
(C-7,14), 28.4 (C-2'2"), 32.4 (C-7',7"), 54.7 (C-3b,10b), 62.4 (C-1/,1"),
64.0 (C-7a,14a), 64.4 (C-3,10), 72.4 (C-1,8), 78.0 (C-14c,14d). Mass-
spectrum: Found m/z 525.4631 [M + H]*, Calculated for Cs2Hs7Ne"

g 5

525.4645.
s (3bR,7aR,10bR,14aR,cis-14c,14d)-2,9-Dicyclooctyl-octadecahydro-
4 5 1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3e). White
Y~ powder; yield 0.33 g (60%); mp 234-236 °C; R; 0.72 (MeOH), [a]o —48.8

, KEWH ~ (18°C, ¢ 0.086, CHCl5). *H NMR (500.17 MHz, CDCls): = 0.93 (qd, 2Jap

(\EN]END = 12.5 Hz, % = 3.5 Hz, 2H, CHy, H.-7,14), 1.16-1.27 (m, 4H, CHy, H.-
c [’,Ti’\"‘ﬁ N HNH ° 5,6,12,13), 1.29-1.36 (M, 2H, CH>, H,-4,11), 1.38-1.52 (m, 12H, CHz, H,-
Sy 21073 3" 414" 55" 6',6",77"), 1.54-1.62 (m, 8H, CHz, H.-8,8"; Hp
4'4"5'5"6'6"), 1.67-1.80 (m, 12H, CHz, Hp-4,511,12; Hp-
@ 2'.2"3'3",7',7",8',8"; 2H, CH, H-7a,14a), 1.96 (d, 2Jpa = 11.5 Hz, 2H, CHp>,
Hy-6,13), 2.03 (d, 2Jpa = 10 Hz, 2H, CHa, Hp-7,14), 2.52-2.57 (m, 2H, CH,
H-1',1"), 2.65 (d, 2Jao = 8 Hz, 2H, CH, H,.-1,8), 3.18 (d, 2Ja = 11.5 Hz,
2H, CHz, H,.-3,10), 3.22 (br. s, 2H, CH, H-14c,14d), 3.27-3.32 (m, 2H,
CH, H-3b,10b), 4.10 (d, 2Jpa = 12 Hz, 2H, CHz, Hy-3,10), 4.12 (d, 2Jba = 8
Hz, 2H, CH>, Hp-1,8). 13C NMR (125.78 MHz, CDCls): § = 24.4 (C-4,11),
24.8 (C-5,12), 25.0 (C-3",3"), 25.6 (C-7.,7"), 26.3 (C-5',5"), 26.6 (C-
4'4".6',6"), 27.2 (C-6,13), 27.5 (C-2',2"), 28.3 (C-7,14), 31.4 (C-8',8"),
54.7 (C-3b,10b), 61.0 (C-1',1"), 64.0 (C-7a,14a), 64.6 (C-3,10), 72.5 (C-
1,8), 78.0 (C-14c,14d). Mass-spectrum: Found m/z 551.4716 [M — H]",

Calculated for C3sHsoNs* 551.4801.

S6



-y (8bS,7aS,10bS,14aS,cis-14c,14d)-2,9-Dicyclooctyl-octadecahydro-
” ¥ 1H,8H-2,3a,7b,9,10a,14b-hexaazadibenzo[fg,op]tetracene (3’e). White
Y powder; yield 0.31 g (56%); mp 232-234 °C; Rt 0.72 (MeOH), [o]p +40.9
EW " (18 °C, ¢ 0.198, CHCIls). *H NMR (500.17 MHz, CDCls): & = 0.93 (qd, 2Jab
E/ENIND = 12 Hz, 3) = 3.5 Hz, 2H, CHp, H.-7,14), 1.16-1.28 (m, 4H, CHa, Ha-
& N £ Nb ¢ 56,12,13), 1.29-1.36 (M, 2H, CHz, Ha-4,11), 1.38-1.52 (m, 12H, CHa, Ha-
N’ 2'2"3'3"4' 4" 5' 5" 6'6",7',7"), 1.54-1.62 (m, 8H, CHz, H,-8'.8"; Hp-
P N 4'4"5'5"6'6"), 1.67-1.80 (m, 12H, CHz, Hp-4,511,12; Hp-
2'2"3'3"7',7".8"8"; 2H, CH, H-7a,14a), 1.96 (d, 2Jpa = 12 Hz, 2H, CH>,
Hy-6,13), 2.03 (d, 2ha = 10.5 Hz, 2H, CHy, Hp-7,14), 2.52-2.57 (m, 2H,
CH, H-1',1"), 2.64 (d, 2Ja = 7.5 Hz, 2H, CH2, H,-1,8), 3.18 (d, 2Jap = 11.5
Hz, 2H, CHz, H.-3,10), 3.22 (br. s, 2H, CH, H-14c¢,14d), 3.27-3.32 (m, 2H,
CH, H-3b,10b), 4.10 (d, 2Jpa = 12 Hz, 2H, CH2, Hp-3,10), 4.12 (d, 2Jpa = 8
Hz, 2H, CHa, Hp-1,8). 13C NMR (125.78 MHz, CDCls): § = 24.4 (C-4,11),
24.8 (C-5,12), 25.0 (C-3',3"), 25.6 (C-7'.7"), 26.3 (C-5',5"), 26.6 (C-
4'4"6'6"), 27.2 (C-6,13), 27.5 (C-2',2"), 28.3 (C-7,14), 31.4 (C-8',8"),
54.7 (C-3b,10b), 61.0 (C-1/,1"), 64.0 (C-7a,14a), 64.6 (C-3,10), 72.5 (C-
1,8), 78.0 (C-14c,14d). Mass-spectrum: Found m/z 551.4724 [M — H]",

Calculated for C3sHs9Ng* 551.4801.
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NMR spectra of compounds 3a-e, 3'a—e
Figure S2. NMR spectra of compound 3a
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Figure S3. NMR spectra of compound 3'a
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Figure S4. NMR spectra of compound 3b
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Figure S5. NMR spectra of compound 3'b
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Figure S6. NMR spectra of compound 3c
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Figure S7. NMR spectra of compound 3'c
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Figure S8. NMR spectra of compound 3d
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Figure S9. NMR spectra of compound 3'd
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Figure S10. NMR spectra of compound 3e
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Figure S11. NMR spectra of compound 3'e
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