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Computational details

All calculations were performed with the Gaussian 09 program. Density functional theory calculations using the
(U)B3LYP method were used to locate all the minima and transition points involved. The 6-311G(d,p) basis set was
applied for all elements Frequency calculations at the same level had been performed to confirm each stationary point to
be either a minimum or a transition structure and to evaluate its zero-point energy and the thermal corrections at 298 K.
The reported energies are Gibbs free energies in gas phase (AG) and enthalpies (AH) at 298 K.

Full Citation of Gaussian 09

Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G.
Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J.
Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E.
Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S.
lyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J.
Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin,
K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B.
Foresman, J. V. Ortiz, J. Cioslowski, D. J. Fox, Gaussian, Inc., Wallingford Connecticut, 2013.

A AG (UB3LYP/6-311G(d,p))
[AH (UB3LYP/6-311G(d,p))]

Figure S1. Computed spin distribution (blue numbers) in all radical species.
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Table S1. Computed Energies of All Stationary Points

TCGFE ZPE H G
4c 0.192186 -775.931924 -775.914899 -775.978739
4c™ 0.194688 -775.692003 -775.675733 -775.737665
TS1 0.414075 -1551.621416 -1551.588824 -1551.688795
INT1 0.416044 -1551.641416 -1551.609124 -1551.709613
TS2a 0.418641 -1551.61857 -1551.587274 -1551.684267
TS2b 0.419071 -1551.637797 -1551.606163 -1551.702906
3d™ 0.422586 -1551.646052 -1551.614995 -1551.711090
1d™ 0.420751 -1551.650473 -1551.619795 -1551.716107

Thermal correction to Gibbs Free Energy (TCGFE, in Hartree)

Sum of electronic and zero-point Energies (ZPE, in Hartree)

Sum of electronic and thermal Enthalpies (H, in Hartree)

Sum of electronic and thermal Free Energies (G, in Hartree)
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Jd
clathrodin (4c) clathrodin radical cation (4c™)

d d

dimerization transition state (TS1) dimerization product (INT1)
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J

didebromoageliferin transition state (TS2a) didebromosceptrin transition state (TS2b)

J
didebromoageliferin radical cation (3d™) didebromosceptrin radical cation (1d™)
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Coordinates of all stationary points in Figure 13

4c

Cartesian coordinates
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.28489700
.02493200
.91426600
.36148700
.48161900
.41211700
.36306800
.88244800
.56664600
.64140100
.84651100
.66835600
.84742200
.68859300
.04429700
.76856200
.57894700
.00723100
.88878700
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.16027300
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Z

.41125300
.57810000
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.58776400
.35741400
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.05131600
.65053000
.15854900
.88823500
.02252400
.20216500
.38680000
.96112300
.83398400
.86864200
.11688600
.04378900
.94718500
.39828900
.41467300
.57837000
.48486600
.74806500
.97934400
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.41537300



TS1

Cartesian coordinates

ATOM

Qo z oD Z2ocoOrD o0 @Dn@DnIDID@D@oDDiID DD @DDZ200Z20z2002Z20z20000000

X

.71167800
71167100
.33719300
.24902300
.08479600
.65980100
.31081800
.04882700
46315000
.00192600
.63138200
.94662500
.29157100
.10360700
.12365300
.81283500
.41834800
.79510100
.31175400
.31817800
.05114900
.03164100
.63815800
.04688400
.60143900
.59570600
.01065800
.12980700
.47413800
.81615300
.00191600
.04882300
.04687300
.63137000
.60143100
.31082300
.03164000
.63815600
.94661200
.12364000
.65980900

Y

.44000600
.44000000
.56494500
. 713220900
.47337700
.20242900
.96006300
.60126100
. 72155500
.85137200
.04490100
.38170900
.64604700
.07826300
.14931700
.06051700
.20292000
.45221200
.69433400
.70808700
.33173100
.20413000
.51970500
.23624800
.14741900
.82654700
.98355200
.29297500
.13147800
.79201000
.85137200
.60127200
.23623800
.04490200
.14742200
.96007000

0.20414800

.51971600
.38171300
.14931700
.20243000

oo+ PrPorHrNPEFEFRPFPrPF OO OOOORFPFORFRPF O RERPREREOR OO O

(@)

Z

.93308200
.93308400
.70258000
.03942800
.85623900
.01986100
.46816900
.83540500
.41793900
.33190700
.98024300
.29929800
.84756600
.20350900
.27895800
. 73414100
.01031800
.22421000
.00475100
.37384400
. 73947200
.85632700
.86289100
.61697900
.90569600
.83266700
.23164700
.12713200
.60271700
.32443600
.33191000
.83540500
.61698200
.98024600
.90570000
.46817000
.85632900
.86288400
.29930400
.27896100
.01984600



T DD D Q@D Q@D Q=2 @D 200D 2T Qo

oY oY U Wb U1 N WD

.05115200
.29155500
.59569300
.10359100
.12979500
.08480500
.81284500
.41833000
.01064100
.46316200
.24903300
.47411900
.81616500
. 79511200
.33720400
.31818600
.31176800
.38360900
.38362100

0.
-3.
-1.
-4,
-3

2.

3.
-4
-4

3.

S9

33174200
64605200
82655100
07826600

.29297400

47337800
06051200

.20292800
.98355400

72154700

.73221700
.13148700
.79200500
.45219900
.56494800
. 70810200
.69432300
.30731700
.30732400

-1

-0

-0

-1.

0
-0

-1.
-0.
.32442600
.22416200
.70260200
.37389200
.00472800
. 73615000
.73619000

.73948600
-0.
-1.
.20351600

0.
-0.
.73410400

84757400
83267400

12713300
85623500

01032900

.23164000
.41791400

03945400
60273000



INT1
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55611700
36426200
07423600
11365300
36681300
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.88726000
.24719200
.25281200
.00066900
.51899300
.16972700
.77290800
.10421200
.54377000
.80749600
.01468300
.81408400
.60549100
.54053100
.52391600
.88601400
.26439600
. 76423000
.94200000
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Cartesian coordinates

ATOM

Qo zZz oDz @Dn@DnIDID @D oD DD DD @DDZ200Z202000002z200000%2

X

.48880800
.84247000
.37837400
.29887600
.12544200
.70146300
.36943800

0.00979700

RN B OO P NDNDNOODNO U P WD o o o

.55915800
.11424600
.70808700
.03418800
.34919700
.14285800
.15889600
.84410900
.50003300
.81020500
.32721700
.37956400
.10870500
.08261800
.59954500
.06588200
.59046000
.70119500
.01966900
.15336800
.54627800
.55915600
.11424300
.00979700
.06587500
.70808200
.59045700
.36943900
.08262100
.59954400
.03418200
.15888900
.70146700

Y

. 79414600
.88799200
.69227100
.85510100
.56241300
.26707500
.06806100
.67663000
.27801200
.37087800
.71812800
.95940000
.31130000
.88400000
.93770500
.07178600
.79430500
.49819700
. 78339300
.84767500
.47522900
.20494900
.59433200
.24565900
.25979400
.29839100
.87300400
.16947900
.80330700
.27800700
.37087800
.67663800
.24565200
. 71812900
.25979300
.06806700
.20496000
.59434000
.95940300
.93770400
.26707800
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.36321100
.29483600
. 74454900
.09971200
.85608200
.99510100
.55819900
.79608300
.72549600
.72863400
. 75380600
.05924100
.96416800
.54592400
.41791400
.60380800
.22782300
.11567500
.05908800
.47926000
.90088800
.78053600
.82870300
.81291100
.48267100
.42688500
.39452400
.08975600
.11316200
.72549400
.72863600
.79608000
.81291000
. 75380900
.48267400
.55819800
.78053400
.82869400
.05924500
.41791600
.99509600
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.10870400
.34918800
.70119000

3.14284900

.15336300
.12544700
.84411500
.50002300
.01965800
.48881700
.29887900
.54626500
.84248000
.81021600
.37838000
.37956400
.32722900
.42847000
.42847500

.47523600
.31130300
.29839400
.88400000
.16947700
.56241300
.07178900
. 79431100
.87300300
. 79414200
.85510100
.80331300
.88798600
.49819300
.69226700
.84767800
. 78338400
.45672100
.45671600
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.90089300
.96417200
.42688700
.54592700
.08975800
.85608000
.60379800
.227782600
.39452600
.36320300
.09972000
.11316500
.29483300
.11566000
. 74455600
.47927500
.05909500
.81050800
.81052100



Table S2. Comparison of the *H NMR data of sceptrin (1a) in D,O

Our synthetic 1a°TFA Baran’s synthetic 1a*HCI%
H2/H2' 7.00 (d, J = 1.5 Hz, 2H) 7.00 (d, J=1.6 Hz, 2 H)
H4/H4' 6.55 (d, J = 1.5 Hz, 2H) 6.56 (d, J=1.6 Hz, 2 H)
H8/H8' 3.52 (dd, J = 14.0, 6.5 Hz, 2H) 3.52-3.40 (m, 4 H)
3.44 (dd, J = 14.0, 6.5 Hz, 2H)
HI/HY' 2.49-2.45 (m, 2H) 2.48-2.46 (m, 2 H)
H10/H10' 2.98 (A2B2, J=9.5,2.7 Hz, 2H) 2.98 (A2B2, J=9.6, 2.4 Hz, 2H)
H15/H15' 6.52 (s, 2H) 6.53 (s, 2 H)
§
HN=<H | S\\[”\FNH
0 I\IJH HN._.0
g]NH HNS
v e
S([:)ez;())trin 1a
( N S\
5 7:0 615 6i0 SiS : 4j0 3?5 BiU 215

0 4.5
f1 (ppm)
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Table S3. Comparison of the *H NMR data of sceptrin (1a) in CD;0D

Our synthetic 1a°TFA Birman'’s synthetic 1a°TFAS Natural 1a*HOAc?

H2/H2' 6.92 (d, J= 1.4 Hz, 2H) 6.91(d, J= 1.4 Hz, 2H) 6.91 (m, 2H)
H4/H4' 6.74 (d, J= 1.4 Hz, 2H) 6.75(d, J= 1.4 Hz, 2H) 6.77 (d, J= 1.5 Hz, 2H)
H8/H8' 3.51-3.48 (m, 4H) 3.50-3.48 (m, 4H) 3.48 (br, 4H)
HI/HY' 2.37-2.34 (m, 2H) 2.37-2.34 (m, 2H) 2.33 (m, 2H)
H10/H10' 2.99 (A2B2, J=9.4, 2.6 Hz, 2H) 2.99 (A2B2, J=9.5,2.5 Hz, 2H) 2.98 (m, 2H)
H15/H15' 6.57 (s, 2H) 6.56 (s, 2H) 6.50 (s, 2H)

H H

HN =<: [ ‘\‘[:/ENH
H S OH

O NH  HN

6]
S\/ NH  HN \’Z
Br r

sceptrin 1a
CD;0D

74 7.2

7.0 6.8 6.6 6.4 6.2 6.0
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Table S4. Comparison of the **C NMR data of sceptrin (1a) in D,O

Our synthetic 1a°TFA Baran’s synthetic 1a*HCI%8 Natural 1a-HCl'a Natural 1a*HCI?
C2/C2' 121.5 121.5 121.6 121.6
C3/C3' 94.8 94.8 95.2 95.2
C4/C4’ 111.0 111.0 111.6 111.6
C5/CY' 123.6 123.6 123.9 123.9
C6/C6' 160.8 160.8 160.8 160.8
C8/C8' 40.5 40.5 40.9 40.9
Ca/cy’ 372 372 36.9 36.9
c10/Cc10' 413 413 416 416
c11/C11" 125.2 125.3 (missing) (missing)
C13/C13' 145.4 145.4 145.7 145.7
C15/C15' 108.0 108.0 108.3 108.3
N ¥ g & REs 28 z £33
an NI
0 I\ll‘\H HN._.0
ENH HN&
B8 g
scestzrg] 1a
2‘20 210 Z(IJO 1;0 1;30 1|70 1;0 1;0 1"10 1:;0 1;0 1(’)0 9‘0 5'0 4I0 ZIO 1‘0 0 ~1II

110
f1 (ppm)
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Table S5. Comparison of the *C NMR data of sceptrin (1a) in CD;0D

Our synthetic 1a°TFA Baran’s synthetic 1a°TFAS® Birman'’s synthetic 1a°TFAS Natural 1a*HOAc?
C2/C2' 1231 1231 123.0 122.9
C3/C3' 97.6 97.6 97.5 97.5
C4/C4' 1134 113.6 113.4 1135
C5/CY' 127.2 127.3 127.2 1274
C6/C6' 163.0 163.1 163.0 163
C8/C8' 42.3 424 42.3 424
CoICY' 39.3 39.3 39.2 394
c10/Cc10' 44.3 443 44.2 443
c1c1t 128.7 128.8 128.7 1294
C13/C13' 149.0 149.1 148.9 149.4
C15/C15' 110.3 110.3 110.2 110.1

163.111
— 149,045
—128.809

127316
—123.131
— 113459
—110.337

—07.649
—44.324
——42,403
—-39.349

sceptrin 1a
CDs0D

30 220 210 200 190 180 170 160 150 140 130 120f 110) 100 a0 80 70 60 50 40 30 20 10 1}
1 (ppm
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Table S6. Comparison of the *H NMR data of bromosceptrin (1b) in DMSO-ds

Our synthetic 1b-TFA Natural 1bsTFA'®
H1/HT 12.67/12.80 12.65/11.78
H2/H2' 6.98 6.98
H4/H4' 6.88/6.80 6.88/6.80
H7HT 8.21/8.18 8.20/8.16
H8/H8' 3.37 3.39
HI/HY' 227 227
H10/H10' 293 2.94
H12/H12' 12.29 12.20
H14/H14' 11.8 11.73
H15/H15' 6.60 6.60
H16/H16’ 742 7.37

H H
N N
HN= | [)-:NH
N SN
H H
)
Os NH HN.__O
g/ NH HN \LZ
Br Br Br
bromosceptrin 1b
DMSO-ds
L..' 1 -
T T T T T T T T T
4 13 12 11 10 9 8 5 4 3 2

6
f1 (ppm)
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Table S7. Comparison of the *H NMR data of dibromosceptrin (1c) in CD;0D

Our synthetic 1c*TFA Birman'’s synthetic 1c°TFAS Natural 1ccHOAc?
H4/H4' 6.76 (s, 2H) 6.77 (s, 2 H) 6.81 (s, 2H)
H8/H8' 3.49-3.46 (m, 4H) 3.49 - 3.47 (m, 4H) 3.48 (m, 4H)
HI/HY' 2.37-2.33 (m, 2H) 2.37-2.34 (m, 2 H) 2.35 (m, 2H)
H10/H10' 2.98 (A2Ba, J=9.4, 2.6 Hz, 2H) 2.99 (A2B2, J = 9.6, 2.6 Hz, 2H) 3.00 (m, 2H)
H15/H15' 6.56 (s, 2H) 6.56 (s, 2 H) 6.52 (s, 2H)

HN:(H | [H}:NH
N SN

i
O, NH H

N._.0
S/NHH

N:/\[/\Z
Br Br  Br Br

Dibromosceptrin 1c
CDs0D

L

T T T T

0 4.5
f1 (ppm)
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Table S8. Comparison of the *C NMR data of dibromosceptrin (1c) in CD;0D

Our synthetic 1c*TFA Birman'’s synthetic 1c°TFAS Natural 1ccHOAc?

C2/c2' 106.4 106.4 106.3
C3/C3' 100.1 100.1 100.1
c4/c4' 114.3 1144 14.7
C5/C5' 128.5 1285 128.5
C6/C6' 162.2 162.1 162.0
cs/cs! 424 424 42.5

Ca/cy’ 393 39.2 39.1

c10/C10' 442 441 44.2

c1/c1r 128.7 128.7 128.7
C13/C13 149.0 149.0 149.2
C15/C15’ 110.3 110.2 110.1

—162.188
~=148 977

128.718

128 493
—110.291
106449
—100.080

—44.216
~42.394
—39.321

114316

£

Dibromosceptrin 1c
CDs0OD

IR N o | T S |

10 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 {
f1 (ppm)
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Table S9. Comparison of the *H NMR data of nakamuric acid (2) in D,O

Our synthetic 2:TFA Baran’s synthetic 2°TFA%
H2/H2" 6.92 (d, J= 1.5 Hz, 1H)/6.91 (d, J = 1.5 Hz, 1H) 6.92 (m, 2H)
H4/H4' 6.80 (d, J=1.5, 1H)/6.76 (d, J = 1.5, Hz, 1H) 6.79 (d, J= 1.4 Hz, 1H)/6.76 (d, J = 1.4 Hz, 1H)
H8/H8' 3.52 (m, 2H)/ 3.45 (d, J = 5.4 Hz, 2H) 3.52 (m, 2H)/3.44 (d, J = 5.4 Hz, 2H)
HI/HY' 2.48 (m, 1H)/2.30 (m, 1H) 2.48 (m, 1H)/2.31 (m, 1H)
H10/H10' 2.84 (t, J=9.6 Hz, 1H)/3.14 (t, J= 9.6 Hz, 1H) 284 (t, J=9.5Hz, 1H)/ 3.15(t, J=9.7 Hz, 1H)
H15/H15' 6.58 (s, 1H) 6.58 (s, 1H)

H
N

N /\] 3 OH
N~

0, NMNH HN,__O

|
i/ ;NH HN; \%
Br r

nakamuric acid 2
CDs0D

_ ) (A

0
f1 (ppm)
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Experimental Procedures

General Experimental Procedures. All reactions were performed in glassware under a positive pressure of
argon. The normal-phase flash column chromatography was performed as described by Still (Still, W. C.; Kahn,
M.; Mitra, A. J. Org. Chem. 1978, 43, 2923-2925), employing EMD silica gel 60 (230—400 mesh ASTM). TLC
analyses were performed on EMD 250 pum Silica Gel 60 Fjs4 plates and visualized by quenching of UV
fluorescence (Amax= 254 nm), or by staining ceric ammonium molybdate. *H and *C NMR spectra were
recorded on Varian Inova-600, Inova-500, or Inova-400. Chemical shifts for *H and **C NMR spectra are
reported in ppm (8) relative to the *H and **C signals in the solvent (CDCls: § 7.26, 77.00 ppm; CD30D: § 3.31,
49.00 ppm; DMSO-ds: 6 2.50, 39.52 ppm; CD3CN: 6 1.94, 118.2 ppm; C¢Ds: 6 7.16, 128.1; D,0: 4.82) and the
multiplicities are presented as follows: s = singlet, d = doublet, t = triplet, m = multiplet. Mass spectra were
acquired on Agilent 6120 Single Quadrupole LC/MS. Preparative HPLC was performed using a Waters Atlantis
dC18 OBD 5 pum column with dimension 19x150 mm or Eclipse XDB-C18 5 um column with dimension
9.4x250 mm. The CD spectrum was recorded on a JACSO J-815 CD Spectrometer in water at 25 °C.

ANIN Azidoimidazole 12. To a solution of 2-azido-1-((benzyloxy)methyl)-1H-imidazole-5-
BOMN_/ carbaldehyde (11) (5.0 g, 19.4 mmol, 1.0 equiv) and 5-((2-(tert-butyldimethylsilyloxy)ethyl)
j% sulfonyl)-2-phenyl-2H-tetrazole (7.50 g, 20.4 mmol, 1.05 equiv) in tetrahydrofuran (300 mL)
was added potassium bis(trimethylsilyl)amide (0.5 M in toluene, 54.3 mL, 27.2 mmol, 1.4 equiv)

SOTBS

12 at —78 °C slowly. The reaction mixture was warmed to —50 °C over 2 h. After stirring for an

additional 30 min, the reaction was quenched with saturated ammonium chloride (100 mL). The solvents were
then removed by rotary evaporation and the residue was diluted with 5% ethyl acetate/hexanes, washed
successively with water and brine, dried over sodium sulfate, filtered, concentrated to afford crude 12. (E)-12:
'H NMR (500 MHz, CDCls) & 7.38-7.26 (m, 5H), 6.98 (s, 1H), 6.55-6.40 (dd, J = 16.0, 2.2 Hz, 1H), 6.21 (dt, J
= 16.0, 4.6 Hz, 1H), 5.20 (s, 2H), 4.51 (s, 2H), 4.31 (dd, J = 4.6, 2.2 Hz, 2H), 0.93 (s, 9H), 0.10 (s, 6H);
MS(ESI)+calcd for CyoH3oNsO,Si (M+H)+ 400.2, found 400.2.

No Alcohol 13. To a solution of the crude 12 obtained above in methanol (140 mL) was added
BOMN_/ hydrochloric acid (1.0 N, 9.7 mL, 9.7 mmol, 0.50 equiv) at 0 °C. After stirring for 2 h, the reaction
7% was quenched with saturated sodium bicarbonate (10 mL). The solvent was then removed by
rotary evaporation and the residue was diluted with ethyl acetate, washed successively with water
and brine, dried over sodium sulfate, filtered, concentrated and purified by flash column
chromatography over silica gel (50%—100% ethyl acetate/hexanes) to give 13 (3.55 g, 64% vyield over two
steps) as a pale yellow oil. (E)-13: 'H NMR (400 MHz, CDCl3) & 7.48-7.12 (m, 5H), 6.95 (s, 1H), 6.40 (d, J =
16.0 Hz, 1H), 6.21 (dt, J = 16.0, 5.4 Hz, 1H), 5.15 (s, 2H), 4.47 (s, 2H), 4.23 (dd, J = 5.3, 1.1 Hz, 2H); (2)-13:
'H NMR (400 MHz, CDCls) § 7.41-7.19 (m, 5H), 6.72 (s, 1H), 6.26 (d, J = 10.9 Hz, 1H), 5.90 (dt, J = 11.7, 5.9
Hz, 1H), 5.13 (s, 2H), 4.45 (s, 2H), 4.34 (dd, J = 5.9, 1.6 Hz, 2H); (E/2)-13: *C NMR (100 MHz, CDCls) &
141.6, 141.5, 136.6, 136.6, 133.0, 130.1, 130.0, 128.6, 128.6, 127.9, 127.9, 127.8, 127.7, 125.0, 71.4, 70.7, 70.6,
63.2, 60.2; MS(ESI)*calcd for C14H15Ns0, (M+H)" 286.1, found 286.2.

N
13 OH

Nay Selenide 14. To a solution of dihydrofuran (265 pL, 3.51 mmol, 2.0 equiv) in methylene
BOMN_ chloride (30 mL) was added a solution of phenylselenyl chloride (672 mg, 3.51 mmol, 2.0
\QI;hSe,,, equiv) in methylene chloride (20 mL) at —78 °C slowly. After stirring for 10 min, a solution of
:__/_ ) alcohol 13 (500 mg, 1.75 mmol, 1.0 equiv), triethylamine (732 pL, 5.262 mmol, 3.0 equiv) in

14 9 O methylene chloride (20 mL) was added at —78 °C. After stirring at 50 °C for 1.5 h, the
reaction was quenched with saturated sodium bicarbonate. The solvent was then removed by rotary evaporation
and the residue was dissolved in ethyl acetate, washed successively with saturated sodium bicarbonate and brine,
dried over sodium sulfate and concentrated to afford crude 14.
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N3>:N Dihydrofuran 45. To a solution of the crude 14 obtained above in 1,4-dioxane (30 mL) were

BOMN_ added pyridine (1.4 mL, 17.54 mmol, 10.0 equiv) and aqueous hydrogen peroxide (10 wt. %,

ﬁ\‘ 1.8 mL, 5.26 mmol, 3.0 equiv) at 0 °C. After stirring for 10 h, the solvent was removed by

\O,/\? rotary evaporation and the residue was partially purified by flash column chromatography over

4 a short pack of C2-silica gel (0—20% ethyl acetate/hexanes). The resulting 45 (605 mg, 98%
yield over two steps) is highly acid-sensitive and should be used immediately.

PhaP=NC_ Dihydrofuran 15. To a solution of dihydrofuran 45 (605 mg, 1.71 mmol, 1.0 equiv) in
BOMN_ tetrahydrofuran (20 mL) was added triphenylphosphine (494 mg, 1.885 mmol, 1.1 equiv) in
Q small portions at 23 °C. After stirring for 10 min, the volatiles were removed by rotary

f(} evaporation to afford crude 15, which is highly acid-sensitive and should be used directly
© without purification.

~
15

Cyclobutane 16. The crude 15 obtained above and tris[2-phenylpyridinato-C? Niridium(I11)
(Ir(ppy)s) (34 mg, 0.052 mmol, 0.03 equiv) in N,N-dimethylformamide (17 mL) was degassed
by three freeze-pump-thaw cycles. After stirring with CFL-irradiation at 23 °C for 60 h, the
reaction was diluted with ethyl acetate (300 mL), washed successively with water (x10) and
brine, dried over sodium sulfate and concentrated to give crude 16. A portion of this material
was purified by HPLC to give pure 16 for characterization purposes. Attempts to isolate the minor
diastereomeric reaction product with various HPLC columns (reverse and normal phase) to provide analytically
pure samples were not successful. 16: *H NMR (500 MHz, CDCls) & 7.78-7.48 (m, 15H), 7.38-7.20 (m, 3H),
7.20-7.07 (m, 2H), 6.55 (s, 1H), 5.89 (d, J = 3.7 Hz, 1H), 5.41 (s, 2H), 4.50 (s, 2H), 4.16 (d, J = 9.0 Hz, 2H),
4.03-3.97 (m, 2H), 3.45-3.37 (m, 1H), 3.13-3.06(m, 1H), 2.80-2.72 (m, 2H); MS(ESI)"calcd for CzsH35N303P
(M+H)" 588.2, found 588.2.

BOM

PPNt ph3p=N—</N] __ Diol 17 and diel 17°. To a solution of crude 16 (1.71 mmol) in
N:Hj“ o ol " °" dichloromethene (100 mL) were added 1,3-propanedithiol (1.37 mL,
S s $ s 13.71 mmol, 8.0 equiv) and boron trifluoride diethyl etherate (1.48 mL,
HO sv7 HO s\) 12.0 mmol, 7.0 equiv) at —78 °C. After keeping —20 °C for 16 h, the
" b reaction was quenched with 10% KOH (35 mL). The volatiles were then
removed by rotary evaporation. The residue was dissolved in ethyl acetate, washed successively with water and
brine, dried over sodium sulfate, concentrated, and purified by preparative HPLC (Waters Atlantis dC18 OBD,
19x150 mm, 5 um, eluent A: water with 0.1% trifluoroacetic acid, eluent B: acetonitrile with 0.1% trifluoro-
acetic acid, gradient: T = 0 min: 45% B, T = 30 min: 65% B, 5.0 mL/min, retention time: 22.2 and 23.4 min) to
give 17-TFA (494 mg, 35% yield over 5 step) and 17°-TFA (246 mg, 14% vyield over 5 steps). Washing the
ethyl acetate solution of 17-TFA with saturated sodium bicarbonate followed by brine gave 17 as a free base.
17: *H NMR (400 MHz, CDCls) § 7.77-7.41 (m, 15H), 7.30-7.19 (m, 3H), 7.14 (d, J = 6.5 Hz, 2H), 6.58 (s,
1H), 5.51 (s, 2H), 4.56 (s, 2H), 4.33 (d, J = 12.5 Hz, 1H), 4.03 (dd, J = 11.8, 6.2 Hz, 2H), 3.88 (dd, J = 11.8, 6.2
Hz, 2H), 3.21-3.08 (m, 2H), 2.97-2.78 (m, 4H), 2.58-2.67 (m, 2H), 2.15-2.04 (m, 1H), 1.96-1.84 (m, 1H); °C
NMR (100 MHz, CDCl3) 6 136.4, 133.8, 133.7, 132.5, 132.4, 130.0, 129.6, 129.5, 128.6, 128.1, 127.5, 126.2,
125.2, 100.0, 109.7, 70.6, 70.4, 61.6, 44.2, 43.8, 39.2, 31.3, 29.1, 25.2; MS(ES)" calcd for CzgH43N303PS;
(M+H)" 696.2, found 696.2.
17>: *H NMR (400 MHz, CDCls) & 7.89—7.40 (m, 15H), 7.38-7.05 (m, 5H), 6.82 (s, 1H), 5.43 (s, 2H), 4.52 (s,
2H), 4.40 (d, J = 12.2 Hz, 1H), 4.19 (dd, J = 11.6, 5.5 Hz, 2H), 4.04-3.85 (m, 2H), 3.32-2.72 (m, 8H), 2.24—
2.07 (m, 1H), 1.95-1.77 (m, 1H); **C NMR (100 MHz, CDCls)  136.4, 133.9, 132.3, 132.2, 129.7, 129.6, 128.9,
128.6, 128.2, 127.5, 126.0, 125.0, 123.4, 112.3, 71.0, 70.5, 59.6, 44.7, 43.5, 40.3, 30.5, 29.7, 25.2; MS(ES)"
calced for CsgHa3N303PS; (M+H)" 696.2, found 696.2.
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N
PhaP=N—

N

BOM

| Bisacetate 46. To the solution of 17 (free base, 353 mg, 0.508 mmol, 1.0 equiv) in
:Hj\“_o"‘; dichloromethene (15 mL) was added pyridine (820 uL, 10.2 mmol, 20.0 equiv) followed
S s by acetic anhydride (311 uL, 3.05 mmol, 6.0 equiv) at 0 °C. After stirring for 10 h, the
AcO s\/7 volatiles were removed by rotary evaporation. The residue was then dissolved in ethyl
acetate, washed successively with saturated sodium bicarbonate and brine, dried over

sodium sulfate, and concentrated to give crude 46. MS(ES)" calcd for CysHa7N3s03sPS, (M+H)™ 780.3, found

780.2.

46

N
PhaP=N—
N

B0l mL) was added a solution of calcium carbonate (508 mg, 5.08 mmol, 10.0 equiv) and

s o Mmercury(ll) perchlorate trinydrate (608 mg, 1.34 mmol, 2.6 equiv) in water (2.0 mL) at

Acd 23 °C. After stirring for 10 min, the reaction was quenched with water, filtered through

18 celite, extracted with ethyl acetate, washed successively with water and brine, dried over

sodium sulfate, filtered, and concentrated to give crude 18. MS(ES)" calcd for C4Ha1N3OP (M+H)" 690.3,
found 690.3.

EH:‘ Aldehyde 18. To a solution of crude 46 (0.508 mmol, 1.0 equiv) in tetrahydrofuran (8.0
~—OAc

PPN ] Aldehyde 47. To a solution of crude 18 obtained above in dichloromethene (5.0 mL) was
BOM:H:L ¢ added 20% trifluoroacetic acid in dichloromethene (5.0 mL) at 23 °C. After stirring for 36
oo N, the reaction was quenched by saturated sodium bicarbonate extracted with ethyl acetate,

AcO washed successively with water and brine, dried over sodium sulfate, filtered, and
o concentrated to give crude 47.

PPN ] Alcohol 19. To a solution of crude 47 obtained above in methanol-dichloromethene (1:1,

soN N\ 8.0 mL) was added sodium borohydride (96 mg, 2.54 mmol, 5.0 equiv) in methanol (0.5

o mL) at 0 °C. After stirring for 10 min, the volatiles were removed by rotary evaporation.

AcO  OH The residue was extracted with ethyl acetate, washed successively with water and brine,

19 dried over sodium sulfate, filtered, and concentrated to give crude 19. MS(ES)" calcd for

C40H43N305P (M+H)+ 692.3, found 692.2.

diisobutylaluminium hydride (1.0 N in tetrahydrofuran, 2.3 mL, 2.3 mmol, 4.5 equiv) at —

78 °C. After stirring for 3 d, the reaction was quenched by 10% aqueous Rochelle salt,

HO  OH extracted with ethyl acetate, washed successively with water and brine, dried over sodium

*® sulfate, filtered, and concentrated to give crude 48. *H NMR (400 MHz, CD;0D) & 7.94—

7.53 (m, 15H), 7.39-6.98 (m, 5H), 6.56 (s, 1H), 5.61 (s, 2H), 4.63 (s, 2H), 4.17 (d, J = 5.4 Hz, 2H), 3.63 (dd, J

= 5.6, 2.4 Hz, 2H), 3.60-3.54 (dd, J = 5.1, 3.4 Hz, 2H), 3.10 (t, J = 9.0 Hz, 1H), 2.46-2.34 (m, 1H), 2.26-2.16
(m, 1H), 2.15-2.05 (m, 1H), 1.97 (s, 3H). C3gH4:N30sP (M+H)" 650.3, found 650.3.

BOM

PrpN—C ] Diol 48. To a solution of crude 19 obtained above in toluene (11 mL) was added
3 N —OAc
.%%

were added pyridine (410 pL, 5.08 mmol, 10.0 equiv) and methanesulfonyl chloride (236

pL, 3.05 mmol, 6.0 equiv) at 0 °C. After stirring for 3 h, the solvent was removed by

mMso oms  rotary evaporation. The residue was dissolved in ethyl acetate, washed successively with

20 water and brine, dried over sodium sulfate, filtered, and concentrated to give crude 20.
C4oH45N300PS, (|\/|'|'H)+ 806.2, found 806.2.

BOM

. _QNEH:K—OA Mesylate 20. To a solution of crude 48 obtained above in dichloromethene (10.0 mL)
N & ¢
|

sodium iodide (3.81 g, 25.4 mmol, 50 equiv). After stirring at 60 °C for 2 h, the solvent

BOM

Phep-N—C ] Diiodide 49. To a solution of crude 20 obtained above in acetone (12 mL) was added
s N \\\\_OAC
%%

R was removed by rotary evaporation. The residue was dissolved in ethyl acetate-water,
P washed successively with 10% sodium thiosulfate/saturated sodium bicarbonate (1:1) and
brine, dried over sodium sulfate, filtered, and concentrated to give crude 49.

S30

49



C3gHa3gloN3O3P (l\/H'H)+ 870.1, found 870.1.

N
PhsP=N—

N

BOM

dimethylformamide (4.0 mL) was added sodium azide (330 mg, 5.08 mmol, 10.0 equiv) at
23 °C. After stirring for 2 h, the reaction was diluted with ethyl acetate, washed
N3 N successively with water and brine, dried over sodium sulfate, filtered, concentrated, and
21 purified by preparative HPLC (Waters Atlantis dC18 OBD, 19x150 mm, 5 um, eluent A:
water, eluent B: acetonitrile, gradient: T = 0 min: 57% B, T = 30 min: 70% B, 5.0 mL/min, retention time: 23.2
min) to give 21°TFA as a pale yellow oil (165 mg, 40% yield for eight steps). *H NMR (400 MHz, CD30D) &
7.80-7.66 (m, 9H), 7.66—7.55 (m, 6H), 7.31-7.22 (m, 3H), 7.15-7.20 (m, 2H), 6.65 (d, J = 0.8 Hz, 1H), 5.62—
5.54 (m, 2H), 4.63 (s, 2H), 4.17 (d, J = 5.2 Hz, 2H), 3.49 (ddd, J = 7.1, 5.7, 2.5 Hz, 5H), 3.11 (t, J = 9.1 Hz, 1H),
2.39 (ddd, J = 14.1, 9.1, 5.2 Hz, 1H), 2.33-2.24 (m, 1H), 2.23-2.13 (m, 1H), 2.00 (s, 3H); *C NMR (100 MHz,
CDsOD) 6 172.7, 138.5, 135.0, 135.0, 133.7, 133.6, 131.8, 130.8, 130.7, 129.6, 129.1, 128.5, 127. 9, 126.8,
110.7, 72.38, 71.9, 65.8, 54.8, 54.2, 44.0, 43.1, 38.6, 33.4, 20.7; MS(ES)" calcd for CagHz9NgOsP (M+H)" 700.3,
found 700.3.

EH:K Bisazide 21. To a solution of crude 49 obtained above in anhydrous N,N-
~—O0OAc
|

N
PhsP=N—

N

BOM

| Diamine 22. To a solution of 21sTFA (23 mg, 23.2 umol, 1.0 equiv) in ethyl acetate (2.0
<7 mL) was added platinum(IV) oxide (1.9 mg, 8.37 umol, 0.35 equiv) at 23 °C. The reaction
:H:\ vessel was then filled with hydrogen by three pump-fill cycles. After stirring for 16 h, the
Hznll nH,  catalyst was removed by filtration and the filtrate was concentrated to give crude 22. *H

22 NMR (400 MHz, CD30D) & 7.91-7.47 (m, 15H), 7.39-6.96 (m, 5H), 6.77 (d, J = 0.8 Hz,
1H), 5.62 (d, J = 11.1 Hz, 1H), 5.55 (d, J = 11.2 Hz, 1H), 4.66 (s, 2H), 4.31 (dd, J = 11.8, 4.3 Hz, 1H), 4.15 (dd,
J =11.8, 5.9 Hz, 1H), 3.27-3.14 (m, 4H), 3.11 (dd, J = 13.2, 8.0 Hz, 1H), 2.65-2.49 (m, 1H), 2.47-2.37 (m,
1H), 2.35-2.25 (m, 1H), 2.03 (s, 3H); *C NMR (100 MHz, CDs0D) & 172.6, 138.2, 135.0, 133.7, 133.6, 130.8,
130.7, 129.7, 129.2, 128.6, 127.7, 126.7, 111.4, 72.0, 71.9, 65.6, 45.0, 43.3, 43.2, 41.0, 37.6, 33.9, 20.8;

MS(ES)" calcd for C3gH43NsOsP (M+H)" 648.3, found 648.3.

Bispyrrole 23. To a solution of crude 22 obtained above in anhydrous N,N-
dimethylformamide (0.15 mL) were added pyridine (19 uL, 0.232 mmol, 10.0 equiv), N-

(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (13.3 mg, 70 pumol, 3.0
O NH HU_O equiv), 1-hydroxybenzotriazole hydrate (9.4 mg, 70 umol, 3.0 equiv), and 4-bromo-1H-
g““ HNE pyrrole-2-carboxylic acid (13.2 mg, 70 umol, 3.0 equiv) in N,N-dimethylformamide (0.2
Br
23

N
= 4

PhsP N—<N | —Ohe
BOM

mL) at 23 °C. After stirring in dark for 16 h, the reaction mixture was directly purified by
preparative HPLC (Waters Atlantis dC18 OBD, 19x150 mm, 5 um, eluent A: water,
eluent B: acetonitrile, gradient: T = 0 min: 70% B, T = 40 min: 100% B, 5.0 mL/min) to
give 23*TFA (13.3 mg, 51% vyield over two steps, retention time: 27.5 min). MS(ES)" calcd for
CasH47BroN;OsP (M+H)+ 990.2, found 990.1.

Br

Alcohol 24. To a solution of 23*TFA (3.1 mg, 2.8 umol, 1.0 equiv) in anhydrous
methanol (0.2 mL), was added sodium methoxide (5.4 M in methanol, 16 pL, 0.084 mmol,
N 30 equiv). After stirring at 0 °C for 3 h, the reaction was diluted with ethyl acetate, washed
oy NH HN_O  successively with water and brine, dried over sodium sulfate, filtered, concentrated, and
g/NH HN\E
Br Br
24

N
PhaP=N—

3 _<N l \\\\_OH
BOM

purified by preparative HPLC (Waters Atlantis dC18 OBD, 19x150 mm, 5 pum, eluent A:
water, eluent B: acetonitrile, gradient: T = 0 min: 40% B, T = 10 min: 60% B, T = 25 min:
70% B, 5.0 mL/min, retention time: 20.2 min) to give 24sTFA (2.7 mg, 90% yield). ‘H
NMR (400 MHz, CD3;0D) 6 7.76—7.55 (m, 15H), 7.28-7.19 (m, 3H), 7.13-7.18 (m, 2H),
6.91 (d, J = 1.6 Hz, 1H), 6.89 (d, J = 1.6 Hz, 1H), 6.76 (d, J = 1.6 Hz, 1H), 6.71 (d, J = 1.6 Hz, 1H), 6.50 (s,
1H), 5.92-5.35 (m, 2H), 4.57-4.67 (m, 1H), 3.71-3.55 (m, 2H), 3.53-3.34 (m, 4H), 3.05-2.92 (m, 1H), 2.39-
2.27 (m, 1H), 2.16-2.06 (m, 2H); **C NMR (100 MHz, CD;0D) & 162.77, 162.72, 138.5, 134.93, 134.90, 133.6,
133.5, 133.0, 130.8, 130.6, 129.6, 129.0, 128.5, 127.9, 127.44, 127.40, 126.9, 122.9, 113.2, 110.1, 97.5, 72.2,
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71.7,64.0, 48.1, 43.9, 43.2, 43.1, 40.0, 34.0; MS(ES)" calcd for CagHasBroN704P (M+H)* 948.2, found 948.1.

Ph3P:N—</N | ?L Acid 25. To a solution of 24 (2.5 mg, 2.35 umol, 1.0 equiv) in dichloromethene (0.2 mL)

ol ~~oH  were added sodium bicarbonate (1.2 mg, 14.1 umol, 6.0 equiv), Dess—Martin periodinane

(2.0 mg, 4.7 umol, 2.0 equiv) and water (0.04 uL, 2.35 umol, 1.0 equiv) at 23 °C. After

O NH HN_O stirring for 30 min, methanol (0.1 mL) and pH 3.5 buffer (0.1 mL) was added followed

by 2-methyl-2-butene (50 uL) at 0 °C. A freshly prepared sodium chlorite solution (10

NN mg/mL in water, 21 L, 2.35 pmol, 1.0 equiv) was then added. After stirring for 10 min,

Br 25 Br the volatiles were removed by rotary evaporation at 0 °C and the residual was purified by

preparative HPLC (Eclipse XDB-C18, 9.4x250 mm, 5 um, eluent A: water with 0.1%

trifluoroacetic acid, eluent B: acetonitrile with 0.1% trifluoroacetic acid, gradient: T = 0 min: 40% B, T = 15

min: 70% B, 4.8 mL/min, retention time: 12.2 min) to give 25°TFA. (2.2 mg, 87% yield over two steps). 'H

NMR (400 MHz, CDs0D) & 7.81-7.53 (m, 15H), 7.28-7.08 (m, 5H), 6.91 (d, J = 1.5 Hz, 1H), 6.90 (d, J = 1.5

Hz, 1H), 6.78 (d, J = 1.5 Hz, 1H), 6.71 (d, J = 1.5 Hz, 1H), 6.52 (s, 1H), 5.61 (d, J = 10.5 Hz, 1H), 5.50 (d, J =

10.5 Hz, 1H), 4.56 (d, J = 2.4 Hz, 2H), 3.52-3.43 (m, 5H), 2.78 (t, J = 8.9 Hz, 1H), 2.52— 2.44 (m, 2H);
MS(ES)" calcd for C4sH43BraN70sP (M+H)"™ 962.1, found 962.0.

Acid 26. To a solution of 25 (2.2 mg, 2.04 umol, 1.0 equiv) in methylene chloride (0.20

oH  mL) was added boron trichloride (1.0 M in methylene chloride, 61 pL, 0.0612 mmol, 30
equiv) at -50 °C. After stirring at —10 °C for 30 min, an acetonitrile solution of
oMM Hu_o  concentrated aqueous ammonium hydroxide (200 uL, 1:4 v/v) was added. After stirring at
ENH HNE 23 °C for another 20 min, the volatiles were removed by rotary evaporation and the
26 Br

N o)
PhgP=N— | g

Iz

residue was purified by HPLC (Eclipse XDB-C18, 9.4x250 mm, 5 um, eluent A: water
with 0.1% trifluoroacetic acid, eluent B: methanol with 0.1% trifluoroacetic acid, gradient:
T =0 min: 45% B, T = 20 min: 80% B, 4.0 mL/min, retention time: 17.7 min) to give
26TFA (1.6 mg, 83% yield). 'H NMR (400 MHz, CD;0D) & 7.89-7.50 (m, 15H), 6.91 (d, J = 1.5 Hz, 1H),
6.90 (d, J = 1.5 Hz, 1H), 6.79 (d, J = 1.5 Hz, 1H), 6.73 (d, J = 1.5 Hz, 1H), 6.43 (s, 1H), 3.60-3.35 (m, 4H),
3.08 (t, J = 9.8 Hz, 1H), 2.81 (t, J = 9.6 Hz, 1H), 2.47-2.39 (m, 1H), 2.31-2.15 (m, 1H); MS(ES)" calcd for
CagH35BroN;O4P (l\/l'l'H)Jr 842.1, found 842.0.

Br

ZT

rac-Nakamuric acid (rac-2). To a solution of 26eTFA (1.6 mg, 1.69 umol, 1.0 equiv) in
HN= | SLOH 1,4-dioxane (70 uL) was added hydrochloric acid (0.20 N in water, 70 uL). After stirring at
] \ 40 °C for 2 h, the reaction mixture was purified directly by HPLC (Eclipse XDB-C18,
> 9.4x250 mm, 5 pum, eluent A: water with 0.1% trifluoroacetic acid, eluent B: acetonitrile
O™ NSO With 0.1% trifluoroacetic acid, gradient: T =0 min: 25% B, T = 10 min: 35% B, 4.2 mL/min,
g/NH HN\E
Br

Iz

retention time: 9.33 min) to give rac-nakamuric acid (2¢TFA) (1.0 mg, 88% yield). *H NMR

(400 MHz, CD30OD) 6 6.92 (d, J = 1.5 Hz, 1H), 6.91 (d, J = 1.5 Hz, 1H), 6.80 (d, J = 1.5,
rac2 1H), 6.76 (d, J = 1.5, Hz, 1H), 6.58 (s, 1H), 3.59-3.46 (m, 2H), 3.45 (d, J = 5.5 Hz, 2H),
3.14 (t, J = 9.6 Hz, 1H), 2.84 (t, J = 9.6 Hz, 1H), 2.52-2.43 (m, 1H), 2.34-2.25 (m, 1H). MS(ES)" calcd for
ConzzBr2N704 (M+H)+ 582.0, found 581.9.

Br

ENOZ Alcohol 50. To a solution of 24*TFA (3.5 mg, 3.3 umol, 1.0 equiv) in dichloromethene
oy (0.2 mL) were added sodium bicarbonate (1.6 mg, 20 umol, 6.0 equiv), Dess—Martin
periodinane (2.8mg, 6.6 umol, 2.0 equiv), and water (0.06 pL, 3.3 umol, 1.0 equiv) at

N
PhgP=N— |

N

BOM

(0] O
g 5 ethyl acetate, washed successively with 10% sodium thiosulfate/saturated sodium
NH HN
Br 50 Br
triethylamine (50 pL) at O °C. After stirring for 30 min, the solvent was removed with

,LH HN 23 °C. After stirring for 30 min, the solvent was removed. The residue was dissolved in
bicarbonate solution (1:1), water and brine, dried over sodium sulfate, filtered, and
concentrated. The residue was then dissolved in nitromethane (1 mL) before adding

rotary evaporation to give crude 50. MS(ES)" calcd for C47H4Br,NgOsP (M+H)* 1007.2, found 1007.1.
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ENHBOC Alcohol 27. To a solution of the crude 50 obtained above in methanol (2.5 mL) and
SMon saturated ammonium chloride solution (2.5 mL) was added zinc (21 mg, 0.329 mmol,
100 equiv) at 0 °C. After stirring for 1 h, the reaction solution was basicified with
o MH hn. o  saturated sodium bicarbonate to > pH 7 and di-tert-butyl dicarbonate (15 uL, 0.0658
ENH HNE mmol, 20.0 equiv) was added. After stirring for another 2 h at 23 °C, the volatiles were
Br 27 Br

N
PhsP=N— |
N
BOM

removed. The residue was dissolved in ethyl acetate, washed successively with saturated

sodium bicarbonate and brine, dried over sodium sulfate, filtered and concentrated,

purified on HPLC (Eclipse XDB-C18, 9.4x250 mm, 5 pum, eluent A: water with 0.1%
trifluoroacetic acid, eluent B: acetonitrile with 0.1% trifluoroacetic acid, gradient: T = 0 min: 40% B, T = 15
min: 70% B, 4.5 mL/min, retention time: 13.40 min) to give 27*TFA (ca. 80% pure). MS(ES)" calcd for
Cs2Hs6BraNgO6P (M+H)* 1077.2, found 1077.1.

N
PhsP=N— |
N
BOM

[NHBW Ketone 28. To the 27°TFA obtained in dichloromethene (0.2 mL) were added
o Dess—Martin periodinane (2.8 mg, 6.6 umol, 2.0 equiv) and water (0.06 pL, 3.3 umol,
1.0 equiv) at 23 °C. After stirring at 40 °C for 2 h, the solvent was removed. The residue
o tH hn. o was diluted with ethyl acetate, washed successively with 10% sodium
thiosulfate/saturated sodium bicarbonate solution (1:1), water and brine, dried over
__NHOENTYY sodium sulfate, filtered, concentrated and purified by preparative HPLC (Eclipse XDB—
Br 28 B C18, 9.4x250 mm, 5 pum, eluent A: water with 0.1% trifluoroacetic acid, eluent B:
acetonitrile with 0.1% trifluoroacetic acid, gradient: T = 0 min: 40% B, T = 15 min: 75%
B, 4.5 mL/min, retention time: 14.4 min) to give 28TFA. (1.2 mg, 32% vyield over four steps). *H NMR (400
MHz, CD;0D) & 7.90-7.48 (m, 15H), 7.28-7.17 (m, 3H), 7.13 (d, J = 7.3 Hz, 2H), 6.93 (d, J = 1.5 Hz, 1H),
6.90 (d, J = 1.5 Hz, 1H), 6.80 (s, 1H), 6.69 (s, 1H), 6.51 (s, 1H), 5.50 (d, J = 11.0 Hz, 1H), 5.33 (d, J = 11.0 Hz,
1H), 4.69-4.38 (m, 2H), 3.89 (d, J = 18.8 Hz, 1H), 3.67 (d, J = 18.8 Hz, 1H), 3.61-3.51 (m, 2H), 3.52-3.40 (m,
3H), 3.00 (t, J = 8.8 Hz, 1H), 2.58-2.51 (m, 1H), 2.35-2.28 (m, 1H), 1.40 (s, 9H). MS(ES)" calcd for
Cs2H54BroNgO6P (M+H)* 1075.2, found 1075.1.

[NHz Amine 29. To a solution of 28*TFA (0.8 mg, 0.67 umol, 1.0 equiv) in methylene chloride
o (0.15 mL) was added boron trichloride (1.0 M in methylene chloride, 20 pL, 0.0202
mmol, 30 equiv) at —50 °C. After stirring at —10 °C for 30 min, an acetonitrile solution of
o fu mh o concentrated agueous ammonium hydroxide (1:4 v/v, 100 pL) was added at 23 °C. After
g E stirring for 30 min, the volatiles were removed by rotary evaporation and the residue was
NH HN
29 Br

N

PhsP=N— |
N
H

purified by HPLC (Eclipse XDB-C18, 9.4x250 mm, 5 um, eluent A: water with 0.1%
trifluoroacetic acid, eluent B: methanol with 0.1% trifluoroacetic acid, gradient: T = 0
min: 20% B, T = 20 min: 50% B, 4.0 mL/min, retention time: 10.68 min) to give 29¢TFA
(0.5 mg, 77% yield). MS(ES)" calcd for C3gHzsBr,NgOsP (M+H)* 855.2, found 855.1.

Br

ZT

N rac-Sceptrin (rac-1a). To a solution of 29°TFA (0.5 mg, 0.515 pumol, 1.0 equiv) in ethanol
HN= | &\[N>=NH (0.20 mL) was added cyanamide (6.5 mg, 0.154 mmol, 300 equiv) at 23 °C. After stirring
] | H at 85 °C in dark for 3 h, the volatiles were removed by rotary evaporation and the residue
> was purified by HPLC (Eclipse XDB—C18, 9.4x250 mm, 5 um, eluent A: water with 0.1%
O N0 trifluoroacetic acid, eluent B: methanol with 0.1% trifluoroacetic acid, gradient: T = 0 min:
ENH HN\E
Br Br

Iz

10% B, T = 10 min: 40% B, 4.0 mL/min, retention time: 11.09 min) to give rac-1a*2TFA

(0.4 mg, 85% yield). *H NMR (600 MHz, CDs0D) & 6.92 (d, J = 1.4 Hz, 2H), 6.74 (d, J =

rac1a 1.4 Hz, 2H), 6.57 (s, 2H), 3.51-3.48 (m, 4H), 2.99 (d, J = 9.4 Hz, 2H), 2.37-2.34 (m, 2H);
MS(ES)" calcd for CooHosBroN1g0, (M+H)* 619.0, found 618.9.
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H
N N
PhsP=N— | [ >=NH

N SN

BOM H

;
HoN  NHj
43

Diamine 43. To a solution of 42 that was prepared from D-glutamic acid® (17.3 mg,
0.021 mmol, 1.0 equiv) in tert-butanol (3.0 mL) was added added platinum(IV) oxide
(2.4 mg, 0.0105 mmol, 0.50 equiv) at 23 °C. The reaction vessel was then filled with
hydrogen by three pump-fill cycles. After stirring for 14 h, the catalyst was removed by
filtration and the filtrate was concentrated and purified by HPLC (Waters Atlantis dC18
OBD, 19x150 mm, 5 um, eluent A: water, eluent B: acetonitrile, gradient: T = 0 min:

25% B, T = 25 min: 50% B, 5.0 mL/min, retention time: 18.2 min) to give 433 TFA (10.4 mg, 50% vyield). *H
NMR (400 MHz, CD3;0D) 6 7.90-7.47 (m, 15H), 7.30-7.20 (m, 3H), 7.10 (d, J = 7.0 Hz, 2H), 6.84 (s, 1H),
6.64 (s, 1H), 5.46 (dd, J = 11.1 Hz, 1H), 5.38 (d, J = 11.1 Hz, 1H), 4.46 (q, J = 12.7 Hz, 2H), 3.59 (t, J = 9.3 Hz,
1H), 3.27 — 3.10 (m, 5H), 2.74-2.60 (m, 2H); “*C NMR (100 MHz, CD;0D) & 149.5, 138.2, 135.0, 133.7, 133.6,
130.82, 130.7, 130.0, 129.7, 129.2, 128.4, 127.7, 127.2, 126.7, 111.7, 72.3, 71.7, 42.8, 42.2, 41.6, 41.0, 40.6,
38.1. MS(ESI)*calcd for C3gH4,NgO:P (M+H)*657.3, found 657.2.

N N
PhgP=N— | [ >=NH
N SN

BOM

l\\
Oy NH HN_O
i/ ;NH HN; \;Z
Br Br
44a

50% yield, 90% pure).

S

H

N N
PhaP=N— | [ >=NH

N SN

H H

S
|\\

Os_NH HN__O

S./ NH HN \Z

r Br
51

B

Pyrrole 44a. To a solution of 43.3TFA (10.4 mg, 0.0104 mmol, 1.0 equiv) in N,N-
dimethylformamide (150 uL) were added 2,6-lutidine (6.0 uL, 0.052 mmol, 5.0 equiv),
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDCI) (10.0 mg,
0.052 mmol, 5.0 equiv), 1-hydroxybenzotriazole hydrate (HOBt) (7.0 mg, 0.052 mmol,
5.0 equiv) and a solution of 4-bromo-1H-pyrrole-2-carboxylicacid (9.8 mg, 0.052 mmol,
5.0 equiv) in N,N-dimethylformamide (150 uL) at 23 °C. After stirring at 23 °C in dark
for 12 h, the reaction mixture was directly purified by HPLC (Eclipse XDB-C18,
9.4x250 mm, 5 um, eluent A: water, eluent B: acetonitrile, gradient: T = 0 min: 30% B,
T = 15 min: 55% B, 4.5 mL/min, retention time: 14.5 min) to give 44a*TFA (5.8 mg,

Iminophosphoran 51. To a solution of ent-43a*TFA (5.8 mg, 5.2 umol, 1.0 equiv) in
methylene chloride (0.3 mL) was added boron trichloride (1.0 M in methylene chloride,
156 pL, 0.156 mmol, 30 equiv) at —50 °C. After stirring at —10 °C for 30 min, an
acetonitrile solution of concentrated aqueous ammonium hydroxide (1:4 v/v, 100 uL)
was added. After stirring at 23 °C for another 20 min, the volatiles were removed by
rotary evaporation and the residue was purified by HPLC (Eclipse XDB-C18, 9.4x250
mm, 5 um, eluent A: water with 0.1% trifluoroacetic acid, eluent B: acetonitrile with
0.1% trifluoroacetic acid, gradient: T = 0 min: 35% B, T = 17 min: 60% B, 4.5 mL/min,
retention time: 10.0 min) to give 51sTFA (4.3 mg, 83% yield). '"H NMR (400 MHz,

CD30D) 6 7.78-7.52 (m, 15H), 6.91 (d, J = 1.5 Hz, 1H), 6.89 (d, J = 1.5 Hz, 1H), 6.73 (d, J = 1.5 Hz, 1H), 6.72
(d, J = 1.5 Hz, 1H), 6.54 (s, 1H), 6.41 (s, 1H), 3.52-3.38 (m, 4H), 3.01-2.89 (m, 2H), 2.38-2.28 (m, 2H);
MS(ESI)*calcd for CaoHagBrN1oO,P (M+H)*879.1, found 879.0.

ZT

S
&

Iz

H nat-Sceptrin (nat-1a). To a solution of 51*TFA (4.3 mg, 4.3 umol, 1.0 equiv) in 1,4-
HN= | \\[N\FNH dioxane (0.2 mL) was added hydrochloric acid (0.20 N, 0.2 mL). After stirring at 35 °C for
H 1.5 h, the reaction mixture was purified directly by HPLC (Eclipse XDB-C18, 9.4x250

mm, 5 um, eluent A: water with 0.1% trifluoroacetic acid, eluent B: acetonitrile with 0.1%

retention time: 10.4 min) to give nat-1a=2TFA (2.8 mg, 78% yield). '"H NMR (600 MHz,

N
O N ANEO trifluoroacetic acid, gradient: T = 0 min: 25% B, T = 10 min: 35% B, 4.5 mL/min;
/_NH HN_\
Br Br

D,0) 8 7.00 (d, J = 1.5 Hz, 2H), 6.55 (d, J = 1.5 Hz, 2H), 6.52 (s, 2H), 3.52 (dd, J = 14.0,

nat-1a

6.5 Hz, 2H), 3.44 (dd, J = 14.0, 6.5 Hz, 2H), 2.98 (A:By, J = 9.5, 2.7 Hz, 2H), 2.49-2.45

(m, 2H); *H NMR (600 MHz, CD30D) & 6.92 (d, J = 1.4 Hz, 2H), 6.74 (d, J = 1.4 Hz, 2H),
6.57 (s, 2H), 3.51-3.48 (m, 4H), 2.99 (d, J = 9.4 Hz, 2H), 2.37-2.34 (m, 2H); *C NMR (100 MHz, CD;0D) &
163.0, 149.0, 128.7, 127.2, 123.1, 113.4, 110.3, 97.6, 44.3, 42.3, 39.3. *C NMR (100 MHz, D,0) & 160.8,
145.4, 125.2, 123.6, 121.5, 111.0, 108.0, 94.8, 41.3, 40.5, 37.2; MS(ESI)*calcd for CH2sBraN1g0, [M+H]*:

619.0; found: 618.9.
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Pyrrole 44b. To a solution of 43¢3TFA (2.5 mg, 2.5 pumol, 1.0 equiv) in N,N-

H

N N
Ph3P=N—</N I \Q\[N/ENH dimethylformamide (50 uL) were added 2,6-lutidine (1.0 uL, 10 umol, 4.0 equiv), N-(3-
BOM | | H dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDCI) (1.9 mg, 10 umol,
N 4.0 equiv), 1-hydroxybenzotriazole hydrate (HOBt) (1.4 mg, 10 umol, 4.0 equiv) and a
O NSO solution of 4-bromo-1H-pyrrole-2-carboxylicacid (0.3 mg, 1.62 mmol, 0.65 equiv) in
E/NH HI\)IE N,N-dimethylformamide (0.1 mL) at 23 °C. After stirring at 23 °C in dark for 12 h, 3,4-
s/ s’ s  dibromo-1H-pyrrole-2-carboxylic acid (1.0 mg, 3.75 pmol, 1.5 equiv) in N,N-
44b dimethylformamide (50 pL) was added. After stirring for another 12 h, the reaction
mixture was directly purified by HPLC (Eclipse XDB-C18, 4.6x150 mm, 5 pum, eluent
A: water with 0.1% trifluoroacetic acid, eluent B: acetonitrile with 0.1% trifluoroacetic acid, gradient: T =0
min: 10% B, T =7 min: 95% B, T = 10 min: 95% B, T = 10.1 min: 100% B, 0.8 mL/min; retention time: 14.5
min) to give 44bsTFA (1.1 mg, 37% yield). *H NMR (400 MHz, CD3;0D) & 7.81-7.50 (m, 15H), 7.21 (dt, J =
14.7, 7.1 Hz, 3H), 7.03 (d, J = 7.2 Hz, 2H), 6.90 (dd, J = 12.7, 1.6 Hz, 1H), 6.74 (d, J = 6.3 Hz, 1H), 6.71 (dd, J
=74, 1.6 Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H), 6.54 (d, J = 1.6 Hz, 1H), 5.51 (d, J = 11.1 Hz, 1H), 5.41 (d, J =
11.1 Hz, 1H), 4.44 (d, J = 12.7 Hz, 1H), 4.34 (dd, J = 12.7, 4.8 Hz, 1H), 3.70-3.54 (m, 2H), 3.53-3.40 (m, 4H),

2.96 (t, J = 9.4 Hz, 1H), 2.65-2.27 (m, 2H).

N H Iminophosphorane 52. To a solution of 44beTFA (1.1 mg, 0.92 umol, 1.0 equiv) in
F’hsF’=N—<’N | \\\[N>=NH methylene chloride (0.3 mL) was added boron trichloride (1.0 M in methylene chloride,
H " H

] 28 uL, 0.028 mmol, 30 equiv) at -50 °C. After stirring at —10 °C for 30 min, an
N acetonitrile solution of concentrated aqueous ammonium hydroxide (1:4 v/v, 100 pL)
O TN was added. After stirring at 23 °C for another 20 min, the volatiles were removed by
;_[/NH Hr}E rotary evaporation and the residue was purified by HPLC (Eclipse XDB—C18, 9.4x250
s’ s’ s mm, 5 um, eluent A: water with 0.1% trifluoroacetic acid, eluent B: methanol with
52 0.1% trifluoroacetic acid, gradient: T = 0 min: 45% B, T = 20 min: 80% B, 4.0 mL/min,
retention time: 14.4 min) to give 52¢TFA (0.7 mg, 71% yield). '"H NMR (400 MHz,
CD;0D) § 7.82-7.68 (m, 8H), 7.61 (td, J = 7.8, 3.1 Hz, 7H), 6.91 (dd, J = 8.8, 1.5 Hz, 1H), 6.77 (dd, J = 8.6,
1.5 Hz, 1H), 6.74 (dd, J = 6.6, 1.5 Hz, 1H), 6.56 (d, J = 2.3 Hz, 1H), 6.42 (d, J = 4.8 Hz, 1H), 3.53-3.42 (m,
4H), 3.13 (t, J = 1.6 Hz, 1H), 3.00-2.96 (m, 1H), 2.40-2.30 (m, 2H). MS(ESI)"calcd for C4oHs7BrsN1gO,P
(M+H)" 957.0, found 957.0.

H nat-Bromosceptrin (nat-1b). To a solution of 52¢TFA (0.7 mg, 0. 65 umol, 1.0 equiv) in
HN= | \\\\[N>=NH 1,4-dioxane (75 pL) was added hydrochloric acid (0.20 N, 75 uL). After stirring at 35 °C
[ for 1.5 h, the reaction mixture was purified directly by HPLC (Eclipse XDB-C18, 9.4 x

ZT

Iz

|‘°\\ 250 mm, 5 pum, eluent A: water with 0.1% trifluoroacetic acid, eluent B: acetonitrile with
O N0 0.19% trifluoroacetic acid, gradient: T = 0 min: 25% B, T = 10 min; 35% B, 4.2 mL/min;
E/NH HI\}E retention time: 10.4 min) to give nat-1bs2TFA (0.5 mg, 90% yield). *H NMR (400 MHz,
s/ s’ % DMSO-d6) 5 12.67 (d, J = 2.3 Hz, 1H), 12.29 (bs, 2H), 11.80 (bs, 3H), 8.19 (dt, J = 12.6,
nat-1b 5.8 Hz, 2H), 7.42 (bs, 2H), 6.98 (dd, J = 3.0, 1.6 Hz, 2H), 6.88 (d, J = 2.8 Hz, 1H), 6.81-
6.78 (m, 1H), 6.63-6.58 (m, 2H), 3.38-3.29 (m, 2H), 2.99-2.85 (m, 2H), 2.31-2.18 (m,

2H). MS(ESI)*calcd for CH,4BrsN1g0, (M+H)* 697.0, found 696.9.

N H Pyrrole 44c. To a solution of 43¢3TFA (8.1 mg, 7.28 umol, 1.0 equiv) in N,N-
PhaP=N— | @\[N/‘—NH dimethylformamide (100 pL) were added 2,6-lutidine (3.8 uL, 0.0437 mmol, 6.0 equiv),
BOM 171 H N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDCI) (7.0 mag,

N 0.0364 mmol, 5.0 equiv), 1-hydroxybenzotriazole hydrate (HOBt) (4.7 mg, 0.0364

oM NSO mmol, 5.0 equiv) and a solution of 4,5-dibromo-1H-pyrrole-2-carboxylic acid (9.8 mg,
EZ\IH HI\}E 0.0364 mmol, 5.0 equiv) in N,N-dimethylformamide (100 uL) at 23 °C. After stirring at

s’ e m’ & 23 °Cin dark for 16 h, the reaction mixture was directly purified by HPLC (Waters

4 Atlantis dC18 OBD, 19%150 mm, 5 um, eluent A: water, eluent B: acetonitrile, gradient:

S35



T =0 min: 35% B, T = 30 min: 65% B, 5.0 mL/min, retention time: 29.7 min) to give 44c*TFA (7.1 mg, 70%
yield). '"H NMR (400 MHz, CD30D) & 7.84-7.52 (m, 15H), 7.28 —7.14 (m, 3H), 7.03 (d, J = 7.0 Hz, 2H), 6.77
(s, 1H), 6.75 (s, 1H), 6.58 (s, 1H), 6.53 (s, 1H), 5.50 (d, J = 11.1 Hz, 1H), 5.40 (d, J = 11.1 Hz, 1H), 4.44 (d, J =
12.7 Hz, 1H), 4.34 (d, J = 12.7 Hz, 1H), 3.58 (dd, J = 13.8, 7.3 Hz, 1H), 3.53-3.41 (m, 3H), 3.32-3.30 (m, 1H
overlap with solvent), 2.97 (t, J = 9.4 Hz, 1H), 2.56-2.23 (m, 2H); **C NMR (100 MHz, CD;0D) & 162.2,
161.9, 148.9, 148.0, 135.0, 133.6, 133.5, 131.5, 130.8, 130.7, 129.1, 128.7, 128.6, 128.5, 128.3, 128.0, 127.7,
126.7, 114.2, 110.6, 106.4, 100.1, 72.3, 71.4, 44.7, 43.7, 43.0, 42.0, 41.2, 38.7. MS(ESI)*calcd for
C43H44BI'4N1003P(M+H)+ 11550, found 1154.9.

N H Iminophosphoran 53. To a solution of 44ceTFA (7.1 mg, 5.1 umol, 1.0 equiv) in

F’hsF’=N—<’N | \\\\[NFNH methylene chloride (0.3 mL) was added boron trichloride (1.0 M in methylene chloride,

153 upL, 0.153 mmol, 30 equiv) at -50 °C. After stirring at —10 °C for 30 min, an

acetonitrile solution of concentrated aqueous ammonium hydroxide (1:4 v/v, 100 uL)

N was added. After stirring at 23 °C for another 20 min, the volatiles were removed by

;—[?H Hr}E rotary evaporation and the residue was purified by HPLC (Eclipse XDB-C18, 9.4x250

5 Br mm, 5 pum, eluent A: water with 0.1% trifluoroacetic acid, eluent B: methanol with

0.1% trifluoroacetic acid, gradient: T = 0 min: 45% B, T = 20 min: 80% B, 4.0 mL/min,

retention time: 10.0 min) to give 53*TFA (5.3 mg, 90% yield). '"H NMR (400 MHz,

CD30D) & 7.86-7.66 (m, 8H), 7.60 (td, J = 7.7, 3.2 Hz, 7H), 6.77 (s, 1H), 6.75 (s, 1H), 6.55 (s, 1H), 6.41 (s,

1H), 3.51-3.39 (m, 4H), 3.05-2.91 (m, 2H), 2.44-2.25 (m, 2H); *C NMR (100 MHz, CD;0D) & 162.2, 162.0,

149.0, 148.4, 134.7, 134.7, 133.6, 133.5, 130.6, 130.5, 129.1, 128.8, 128.6, 128.5, 127.5, 114.3, 110.3, 106.4,
100.1, 44.3, 44.1, 42.7, 42.3, 39.7, 39.2. MS(ESI)*calcd for C4oH3sBrsN1g0,P(M+H)* 1034.9.0, found 1034.9.

ZT

H nat-Dibromosceptrin (nat-1c). To a solution of 53*TFA (5.3 mg, 4.6 umol, 1.0 equiv) in
HN= | \\\[N>=NH 1,4-dioxane (100 uL) was added hydrochloric acid (0.20 N, 100 uL). After stirring at 35 °C
[ for 1.5 h, the reaction mixture was purified directly by HPLC (Eclipse XDB-C18, 9.4 x
250 mm, 5 pum, eluent A: water with 0.1% trifluoroacetic acid, eluent B: acetonitrile with
E:H H“;E 0.1% trifluoroacetic acid, gradient: T = 0 min: 25% B, T = 10 min: 35% B, 4.2 mL/min;
ZNH  HN™Y

Iz

retention time: 11.9 min) to give nat-1ce2TFA (1.9 mg, 40% yield). *H NMR (600 MHz,
o o CDs0D) § 6.76 (s, 2H), 6.56 (s, 2H), 3.49-3.46 (m, 4H), 2.98 (A;B2, J = 9.4, 2.6 Hz, 2H),
nat-1c 2.37-2.33 (m, 2H).2*C NMR (100 MHz, CDs;0OD) & 162.2, 149.0, 128.7, 128.5, 114.3,
110.3, 106.4, 100.1, 44.2, 42.4, 39.3.
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