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Supplementary Tables

Supplementary Table 1. Reactions of 3-oxosteroids 1-3 with 1,3-hydroxyalkyl azides 6-11.

1. BF3+OFt
3 5 3 25
R R CH,Cls, 1t
+ —_—
HO N, 2. 15% KOH
R4
1, R" = a-H, R? = CHMe(CH,);CH(Me), 6-11

2,R"=0-H, R* = B-OH
3,R" = p-H, R? = B-OH

R3

HO

3-aza-A-homo-steroid-lactam 4-aza-A-homo-steroid-lactam

A1-A5, R" = a-H, R? = CHMe(CH,);CH(Me),  B1-B5, R' = o-H, R? = CHMe(CHy);CH(Me),

C1-C6, R = o-H, R? = B-OH D1-D6, R' = o-H, R? = -OH

E1-E2, R' = B-H, R2 = p-OH F1-F2,R" = B-H, R? = 8-OH

entry | steroid | azide R? R* RS ratio | product(s) | isolated
A:BP ¢ yield (%)d

1 1 6 H H H 38:62° Al +B1 92f
2 1 (®)-7 (+)-Ph H H 50:50° | A2+ B2 92f
3 1 (5)-7 (S)-Ph H H 5:>95 B2 88
4 1 (R)-7 (R)-Ph H H >95:5 A2 89
5 1 (5)-8 H (S)-Me H 10:90° B3 84
6 1 (R)-8 H (R)-Me H 87:13° A3 71
7 1 (5)-9 H H (S)-Ph >05:5 A4 88
8 1 (R)-9 H H (R)-Ph | 5:>95 B4 87
9 1 (S)-10 H H (S)-Me | 5:>95 B5 89
10 1 (R)-10 H H (R)-Me | >95:5 A5 92
11 2 6 H H H 40:60° Ci1+D1 95
12 2 (5)-7 (S)-Ph H H 5:>95 D2 88
13 2 (R)-7 (R)-Ph H H >05:5 C2 84
14 2 (5)-11 (S)-(4-Br)Ph H H 5:>95 D3 86
15 2 (R)-11 | (R)-(4-Br)Ph H H >05:5 C3 83
16 2 (5)-8 H (S)-Me H 13:87¢ D4 87
17 2 (R)-8 H (R)-Me H 87:13° C4 85
18 2 (5)-9 H H (S)-Ph >05:5 C5 89
19 2 (R)-9 H H (R)-Ph | 5:>95 D5 90
20 2 (S)-10 H H (S)-Me | 5:>95 D6 85
21 2 (R)-10 H H (R)-Me | >95:5 C6 85
22 3 (5)-7 (S)-Ph H H >05:5 El 89
23 3 (R)-7 (R)-Ph H H 5:>95 F1 83
24 3 (5)-9 H H (S)-Ph 5:>95 F2 87
25 3 (R)-9 H H (R)-Ph | >95:5 E2 90

3See Supplementary Methods for reaction protocol. "Ratio was determined by *H NMR of the crude
reaction mixture. ‘Only one regioisomer was observed by *H NMR of the crude reaction mixture,
unless otherwise noted. %Isolated yields of only the major regioisomer, unless otherwise noted.
®Mixture of regioisomers observed by *H NMR of the crude reaction mixture. ‘Isolated yields of a
mixture of regioisomers.



Supplementary Table 2. Reactions of 3-oxosteroids 1-3 with 1,2-hydroxyalkyl azides 12-14.2

2
MeR

R
1, R" = a-H, R? = CHMe(CH,);CH(Me),
2,R' = a-H, R? = p-OH
3,R' = p-H, R? = B-OH

3-aza-A-homo-steroid-lactam
A6-A9, R = a-H, R? = CHMe(CH,)3CH(Me),
C7,R' = o-H, R? = B-OH

1. BF3°OEty,
CH,Cly, rt

2.15% KOH

HO
4-aza-A-homo-steroid-lactam

B6-B9, R' = u-H, R? = CHMe(CH,);CH(Me),
D7, R' = 0-H, R? = B-OH

entry | steroid azide R R’ ratio® product(s) isolated
A:BorC:D yield (%)

1 1 12 H H 37:63° A6 + B6 95¢

2 1 (S)-13 (S)-Ph H 46:54 A7 + B7 93¢

3 1 (R)-13 (R)-Ph H 33:67° A8 + B8 g8gde

4 1 (S)-14 H (S)-CH,Ph ND B9 g1

5 1 (R)-14 H (R)-CHzPh ND A9 65™"

6 2 (S)-14 H (S)-CHPh ND D7 76"

7 2 (R)-14 H (R)-CHzPh ND C7 65’

3See Supplementary Methods for reaction protocols. Ratio was determined by *H NMR of the final
product. *“Mixture of regioisomers observed by *H NMR of the crude reaction mixture, unless
otherwise noted. %Isolated yield of a mixture of regioisomers. (lsomeric mixture was separated to give
26% isolated yield of A8 and 46% isolated yield of B8. "Isolated yield of the major regioisomer.
91solated 12% yield (<10.0 mg) of the minor regioisomer, however was not further characterized.
"Isolated 22% yield (<17.0 mg) of minor regioisomer, however was not further characterized. 'Minor
regioisomer observed in the final product. ND = Not Determined.



Supplementary Table 3. Optimization of conditions for the reaction between trans-androsterone 4 and
3-azidopropanol 6.2

6
Ny~ " OH
1. conditions

—_—
2. 15% KOH

trans-androsterone 4 17-aza-D-homo-steroid-lactam, 17a-aza-D-homo-steroid-lactam,
G1 G1'
entry | azidopropanol 6 | catalyst | catalyst solvent G1:4°¢ isolated yield
(equiv) (equiv) (%)
1 3.0 BF3*OEt; 2.0 CH.Cl; 21:79 16
2 3.0 BF3*OEt; 5.0° CH:Cl2 82:18 80
3 2.0 BF3;*OEt, 7.0° CHCl, 89:11 85
4 2.0 BF3;*OEt, 1.1 (CF3).CHOH 78:22 72
5 2.0 H,S0, 0.55' (CF3),CHOH 86:14 78
6 2.0 CF3SOzH 1.1 (CF3),CHOH >08:29 94
7 2.0 CF3SO3H 1.1 CF3;CH,OH 61:39 61
8 2.0 CF3SOzH 1.1 CH:ClI; 16:84 10

aSee Supplementary Methods for reaction protocols. "Only regioisomer G1 was observed by *H NMR
of the crude reaction mixture. ‘Product conversion was determined by *H NMR of the crude reaction
mixture. ‘Isolated yields of regioisomer G1. ®Catalyst was added at 0 °C. ‘Generates 1.1 equiv of
proton catalyst. “Complete conversion of trans-androsterone 4 to G1 was observed by *H NMR of
the crude reaction mixture.



Supplementary Table 4. Reactions of 17-oxosteroids 4 and 5 with 1,3-hydroxyalkyl azides 6, 8, and
10.2

R': trans-androsterone 4

estrone 5a, estrone 3-methyl ether 5b

6,8,10
RS RS OH
o N3)\/kOH R3
R4
1. TfOH, HFIP R®
e 2. 15% KOH - ¢

G1-G4, R": trans-androsterone 4

11415, R': estrone 5a, 5b

H1-H2, R": trans-androsterone 4
J1-J2, R': estrone 5a, 5b

entry | steroid | azide | R® R* R® ratio®® product(s) | isolated yield
G:Horl:J (%)
1 4 6 H H H >95:5 Gl 94
2 4 (S8 | H | (S)-Me H 56:44 G2 + H1 53:35¢
3 4 (R)-8 | H | (R)-Me H >95:5 G3 93
4 4 (S)-10 | H H (S)-Me >95:5 H2 69
5 4 (R)-10 | H H (R)-Me >95:5 G4 92
6 5a 6 H H H ND 11 91
7 5a (S8 | H | (S)-Me H 60:40 12 +J1 52:34¢
8 5a (R)-8 | H | (R)-Me H ND 13 85
9 5a | (S)-10 | H H (S)-Me ND J2 68
10 5a | (R)-10 | H H (R)-Me ND 14 86
11 5b 6 H H H ND 15 93

aSee Supplementary Methods for reaction protocols. "Ratio was determined by *H NMR of the crude
reaction mixture. ‘Only one regioisomer was observed by *H NMR of the crude reaction mixture,
unless otherwise noted. %Isolated yields of only the major regioisomer, unless otherwise noted.
®Isolated yields of individual regioisomers. 'Ratio determined by analytical HPLC of the crude
reaction mixture.



Supplementary Table 5. Reactions of 17-oxosteroids 4 and 5 with 1,2-hydroxyalkyl azides 12 and 14—

16.2
12, 14-16
R7
NSJ\(OH
R6
1. TfOH, HFIP
- 2. 15% KOH e
R1A‘V’ R1A‘
R': trans-androsterone 4 G5-G8, R': trans-androsterone 4 H3-H6, R': trans-androsterone 4
estrone 5a 16-19, R': estrone 5a J3-J6, R": estrone 5a
entry | steroid | azide R® R’ ratio product(s) | isolated yield
G:HorI:J (%)°
1 4 12 H H 30:70° G5 + H3 96°
2 4 (5-14 | H (S)-CH2Ph ND H4 89
3 4 (R)-14 | H (R)-CH,Ph ND G6 82°
4 4 (5-15 | H (S)-Ph ND H5 77
5 4 (R-15 | H (R)-Ph ND G7 51
6 4 (5)-16 | H | (S)-CH.CHMe, ND H6 86
7 4 (R)-16 | H | (R)-CH.CHMe, ND G8 83°
8 ba 12 H H 30:70 16 + J3 949
9 5a (5-14 | H (S)-CH2Ph ND J4 91
10 5a (R-14 | H (R)-CHzPh ND 17 72°
11 5a (5-15 | H (S)-Ph ND J5 51
12 5a (R-15 | H (R)-Ph ND 18 56°
13 5a (5-16 | H | (S)-CH.CHMe; ND J6 86
14 5a (R)-16 | H | (R)-CH.CHMe; ND 19 68

aSee Supplementary Methods for reaction protocols. PIsolated yields of only the major regioisomer,
unless otherwise noted. °Ratio determined by *H NMR of final compound. “Isolated yield of a mixture
of regioisomers. °Minor regioisomer was observed in *H NMR of final compound. 'Ratio determined
by analytical HPLC of crude reaction mixture. ¢Isomeric mixture was separated to give 27% isolated
yield of 16 and 52% isolated yield of J3.



Supplementary Table 6. Three-component reactions of functionalized 3-azasteroids C8-C15 and E3—
E5, and 4-azasteroids D8-D15 and F3-F5.2

Me | <.
®
1. (R)-7, (S)-7, N\ or 2. Nucleophiles
(R)-9, or (S)-9, Na,S, NaBHy,
g R

BF3*OEt,, Hy + Pd/C, NaNj3,

CH,Cly, 1t Ph or NaS(4-Me) Ph
—_—
Me [ Me [~.  Z=Ng, S(4-Me)Ph
or O or O N\
Ph N N
® R ® R
Me Me Me Me
PBJN PBJN HWN PhﬁﬁN
HO g R Ho M R R1 R’
C8,E3 (o]:] C11-12, E4-5

D8 D9 D10 D11-12

Me | >~
Ph
e e Qﬁj
HO s R
C13 C14-15
Me Me
S O
N R! N R!
HO\/\éh Z\/\éh
D13, F3 D14-15, F4-5
entry steroid azide isolated yield (%0)
z
S H N3 (4-Me)SPh®
1 2 (R)-7 85,C8 | 87,C9% | 92, C10° | 56, C11" | 66, C12'
2 2 (S)-7 45,D8 | 50,D9%¢ | 93, D10° | 73,D11" | 67, D12°
3 2 (R)-9 59, D13 - 65, D14 | 83,D15
4 2 (S)-9 80, C13 - 60,C14 | 65,C15
5 3 (S)-7 62, E3 - 82, E4f 56, E5'
6 3 (S)-9 78, F3 - 84, F4 76, F5

3See Supplementary Methods for reaction protocols. °0.66 M stock solution of sodium 4-methyl
thiophenoxide was prepared immediately prior to use by adding sodium (1.0 equiv) to a solution of
4-methylbenzenethiol (1.1 equiv) in anhydrous DMF (15.0 mL) at 0 °C and stirring at room
temperature overnight. °NaBH,, MeOH. 951% isolated yield of C9 was also obtained from LAH
reduction of C2. ®*Hydrogenation using 10% Pd/C, EtOH. ‘Inversion of stereochemistry. 958%
isolated yield of D9 was also obtained from LAH of D2.



Supplementary Table 7. Three-component reactions of functionalized 17-aza-D-homo-steroids G9-
G17 and 110-116.2

6
N3/\/\OH
1. TfOH, HFIP, rt
_—

R': trans-androsterone 4
estrone 5a

2. Nucleophiles

Na,S, NaBHy,,
NaNj, or NaSAr
Z =N, SAr ]

R1 ~

G9, R': trans-androsterone 4 G10-G11, R': trans-androsterone 4 ~ G12-G17, R': trans-androsterone 4

110, R': estrone 5a 111-112, R': estrone 5a 1134116, R': estrone 5a

entry steroid nucleophile S, YorZ product | isolated yield (%)

1 4 Na,S S G9 52
2 4 NaBH4 H G10 85
3 4 NaBD, D G111 64
4 4 NaNs3 N3 G112 86
5 4 NaSAr SCeHs"* G13 71
6 4 NaSAr S(4-Me)CeH,"° Gl14 76
7 4 NaSAr S(4-OMe)CsH, 4 G15 65
8 4 NaSAr S(4-Cl)CeH4¢ G16 69
9 4 NaSAr S(4-Br)CeH." G17 61
10 5a Na,S S 110 51
11 5a NaBH. H 111 83
12 5a NaBH,4 D 112 82
13 5a NaN3 N3 113 82
14 5a NaSAr SCeHs"® 114 62
15 5a NaSAr S(4-Me)CsH,"® 115 60
16 5a NaSAr S(4-OMe)CgH,* 116 63

aSee Supplementary Methods for reaction protocols. *Stock solutions of sodium thiophenoxides were
prepared immediately prior to use by adding sodium (1.0 equiv) to a solution of thiophenols (1.1
equiv) in anhydrous DMF (15.0 mL) at 0 °C and stirring at room temperature overnight. “0.66 M
stock solution. 90.67 M stock solution. ¢0.70 M stock solution. 0.56 M stock solution.



Supplementary Discussion
General mechanism of Schmidt reactions enabled by hydroxyalkyl azides?®

This reaction has been extensively studied by experimental and computational methods. For general
information, see a relevant review!. The specific features of this reaction relevant to the present project
are noted here for the reader’s convenience. Following this description, specific details for selected
examples are provided.

The reaction begins with attack of the alcohol group onto the carbonyl reactant, followed by elimination
to afford an oxonium ion intermediate. The attached azide attacks the oxonium ion to afford a
spirocyclic intermediate, which undergoes migration to provide an iminium ether. This intermediate
can be isolated but is usually reacted in situ with a nucleophile to provide an N-substituted lactam
product.

(\Ns ®

o} @ 0

o, oH  HZH,0 ™
+ N3/\/OH —— i i [ ———— N3

o

/N ® /> (0]
(@) N_N2 _N2 s ®OH /\/OH
> \>j —Z N® N

iminium ether

Supplementary Figure 1. General mechanism of ring expansions using hydroxyalkyl azides.
Factors that determine reaction regio- and stereochemistry

Most of the work pertaining to the regiochemical outcome of this reaction was carried out in the context
of asymmetric ring expansions of achiral cyclohexanones to diastereoselectively make substituted
caprolactams. In brief, the outcomes of these reactions depend on three considerations. They are the
direction of azide attack relative to pre-existing substitution on the ketone reactant, selective formation
and reaction of the most stable new heterocyclic ring (1,3-oxazinane from 3-azidopropanol or oxazoline
from 2-azidoethanol), and antiperiplanar C—N migration to afford the iminium ether product.
Importantly, all steps leading to the actual migration are reversible on the reaction time scale and
therefore thermodynamically controlled. This is supported by DFT calculations — the barrier for C—N
migration is only ca. 2 kcal/mol higher than reversion to azide and oxonium ion*.

A representative case is shown and annotated below; this discussion will focus on the better-understood
reactions of substituted cyclohexanones with 3-azidopropanols, but similar considerations apply to
other versions as well. Overall, one can consider this complex process to arise from a combination of
three stereochemical and conformational factors.



(a) Factor 1. Direction of azide attack onto ketone

N@ st> Ph
2~
N —_ - - O
D T e T )
fBu\Mo “'Ph ‘Bu\% Ph 'BU\M\N
| ®
. Ny
axial equatorial

(b) Factor 2. Selective formation and reaction of the most stable new heterocyclic ring

t)
B“Q NS
N
\''N VS. N
e
N
No - Ph

equatorial substitutent axial substitutent

(c) Factor 3. Antiperiplanar migration

o QN/@

07
N, Ph
®
antiperiplanar/axial N,*

Supplementary Figure 2. The three determinants of stereo- or regioselectivity in ring expansion
reactions mediated by chiral hydroxyalkyl azides. a, In intermediates derived from six-membered rings,
equatorial attack onto the more stable cyclohexanone derivative has been proposed and supported by
computation?; the stereoselectivity is related to the relative populations of the possible conformations
of the starting ketones (typically in chair conformations). Attack onto ketones of other ring sizes depend
on steric accessibility (see specific examples below). Practically, since it is not possible to directly
observe the spirocyclic intermediate, the direction of attack in non-obvious cases may need to be
inferred from analyzing the outcomes in the context of considerations 2 and 3 below (see, for example,
discussion of C-17 reactivity below in the Sl). b, For intermediates derived from monosubstituted 3-
azidopropanols, the major products arise from spirocyclic 1,3-oxazinanes containing the carbon
substituent in an equatorial orientation. It has been reported* that 2-aryl- or 2-alkoxy 3-azidopropanols
lead to greater quantities of product arising from spirocyclic 1,3-oxazinanes having the aryl group in an
axial position (due to a n—cation interaction between the aryl group and the N2* group, which is now in
a potentially 1,3-diaxial relationship), but that is not relevant in this paper since we did not explore any
hydroxyalkyl azides of these types in this study. In all cases, the 1,3-oxazinane ring is presumed to
adopt the most stable chair-like conformation, recognizing that the two chair forms can interconvert
either by reversion to oxonium ion and azide or by ring flip between the two forms. ¢, All known C—N
migrations in azido-Schmidt reactions entail concerted antiperiplanar migration to the N,* leaving
group®. For the spirocyclic intermediates arising from hydroxylalkyl azides, this means that the reaction
coordinate necessarily goes through an axial N2* group, since when this group is equatorial, the only
antiperiplanar options are a C-O bond (very unlikely to migrate, as it would form a new, weak N-O
bond) or a C—C bond that, if broken, would lead to a cation unstabilized by a neighboring oxygen atom.
In general, the N>* group is axial in the ground-state conformation as revealed by DFT calculations®.

Specific cases are discussed on the following pages to illustrate the above principles.
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Regioselectivity for 5a-substituted steroids

In this section, we provide one example of a reaction of each of three substituted 3-azidopropanol
reagents, in both enantiomeric forms, with 3-oxosteroid 2.

Me ©OH
_——
conformations of spirocycle:
Me OH
1,3-
oxazinane
chair flip
or via
Ph 0'4 - oxonium ion
L0 h
lo
N2" C2I: Ph equatorial C2lII': Ph axial
Jbond migration lbond migration
Me OH Me ©OH
Phi:
BF,
Ph cail cair
15% KOH l15% KOH
Ph Me OH Me OH

HO—
Ph

observed not observed
Cc2 c2'

Supplementary Figure 3. Proposed mechanism for the regioselectivity of 3-oxosteroid 2 with (R)-3-
azido-1-phenylpropanol (R)-7. In this example, B/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinanne ring is anchored by the 1-phenyl substituent. This
leads to migration of the C2 carbon and affords isomer C2.
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OH

1,3-
oxazinane
chair flip
or via
04 - oxonium ion ¢
® . Me—A ;
N, C4l: Me equatorial C4lI': Me axial
bond migration jbond migration
Me OH Me OH
©
9
Me!: 3\/ ~
®
call mé cair BF4
l15% KOH j15% KOH
Me OH Me ©H

Me

observed major observed minor
Cc4 c4'

Supplementary Figure 4. Proposed mechanism for the regioselectivity of 3-oxosteroid 2 with (R)-3-
azido-2-methylpropanol (R)-8. In this example, B/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinane ring is anchored by the 2-methyl substituent. This
leads to migration of the C2 carbon and affords isomer C4.
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1,3-
oxazinane

chair flip
or via
oxonium ion
l®
Ny C5I: Ph equatorial Ph ¢s1: ph axial
lbond migration lbond migration
©) OH OH
BF, Me Me
P ' BF,
C5ll Ph C5ll 4
115% KOH l15% KOH
OH OH
HO Me Me
observed Ph not observed
C5 C5'

Supplementary Figure 5. Proposed mechanism for the regioselectivity of 3-oxosteroid 2 with (S)-3-
azido-3-phenylpropanol (S)-9. In this example, B/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinane ring is anchored by the 3-phenyl substituent. This
leads to migration of the C2 carbon and affords isomer C5.
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conformations of spirocycle:

Me ©OH
1,3-
oxazinane
chair flip
or via
oxonium ion
®
N2" D2I': Ph axial D2I: Ph equatorial
bond migration jbond migration
Me ©H Me ©OH

0]
Ph a
® H BF4
D2il
J15% KOH
Me OH

not observed HO\(\/ observed
D2’ D2

Ph

Supplementary Figure 6. Proposed mechanism for the regioselectivity of 3-oxosteroid 2 with (S)-3-
azido-1-phenylpropanol (S)-7. In this example, B/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinane ring is anchored by the 1-phenyl substituent. This
leads to migration of the C4 carbon and affords isomer D2.
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1,3-
oxazinane
chair flip
. or via @
ﬁ) ; - oxoniumion Ny
|
Me N? D4lI': Me axial M D4l: Me equatorial
e
lbond migration bond migration
Me ©H Me OH
D4lr
l 15% KOH 15% KOH
OH OH
HO Me Me
HO\\\/
, Me .
observed minor observed major
D4’ D4

Supplementary Figure 7. Proposed mechanism for the regioselectivity of 3-oxosteroid 2 with (S)-3-
azido-2-methylpropanol (S)-8. In this example, B/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinane ring is anchored by the 2-methyl substituent. This
leads to migration of the C4 carbon and affords isomer D4.
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®
N>
I |
Ph, _N
(R) &;
1,3-
oxazinane
chair flip
or via ®
oxonium ion N
l®
N, D5I': Ph axial PA D5I: Ph equatorial
bond migration lbond migration
Me ©OH Me ©H

BF, <\< ® H BF,
DS5II DSl

Ph

l 15% KOH
Me ©OH Me ©H

115% KOH

not observed Ph observed
D5’ D5

Supplementary Figure 8. Proposed mechanism for the regioselectivity of 3-oxosteroid 2 with (R)-3-
azido-3-phenylpropanol (R)-9. In this example, B/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinane ring is anchored by the 3-phenyl substituent. This
leads to migration of the C4 carbon and affords isomer D5.
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Regioselectivity for 5B-substituted steroids

In this section, we provide two examples to show how regiochemistry differs in response to changing
the steroid configuration at C5; compare these examples with those in Supplementary Figure 3 and 6.

Me ©OH

conformations of spirocycle:

Me ©H

1,3-
oxazinane
chair flip

g\.‘o R oxonium ion o

Ph gz E1l: Ph equatorial

Ph E1I': Ph axial

lbond migration bond migration

Me OH Me OH

15% KOH 15% KOH
OH Me ©H

Ph Me

o

Jj

4
N\/H

observed HO not observed
E1 E1'

Ph

Supplementary Figure 9. Proposed mechanism for the regioselectivity of 3-oxosteroid 3 with (S)-3-
azido-1-phenylpropanol (S)-7. In this example, o/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinane ring is anchored by the 1-phenyl substituent. This
leads to migration of the C2 carbon and affords isomer E1.
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conformations of spirocycle:

Me OH Me OH
1,3-
oxazinane
chair flip
orvia N2~N.--
oxonium ion o A
gz F1I': Ph axial F11: Ph equatorial
Ph
lbond migration lbond migration
Me OH Me OH
® !
N
BF,4
io Ll
Ph F1ll F1ll
115% KOH l15% KOH
bh Me ©OH Me OH
not observed HO P observed
F1' Ph F1

Supplementary Figure 10. Proposed mechanism for the regioselectivity of 3-oxosteroid 3 with (R)-3-
azido-1-phenylpropanol (R)-7. In this example, a/equatorial attack by the azide is preferred and the
conformation of the newly-formed 1,3-oxazinane ring is anchored by the 1-phenyl substituent. This
leads to migration of the C4 carbon and affords isomer F1.
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Regioselectivity in 17-oxosteroid ring expansions

In this section, we include descriptions of all of the reported approaches to control ring expansions of
17-oxosteroids, namely the Beckmann rearrangement, the intramolecular Schmidt reaction, and the
reactions of 17-oxosteroids with 3-azidopropanols (both unsubstituted and substituted). For the last, a
detailed description of how we assigned o vs. B azide addition to the ketone has been included.

Me H O
17
HO
H H
H H
| NH,OH
)(oH
Me’ " | Me
Me H N Me H 13 N
N OH
HO 16 HO
H o H HoH
H H H H
lbond migration l bond migration
M Y Me O M H MeH
e e 17a
NH N0
HO 17 HO
B H H H
H H H H
not observed observed
Beck 1

Supplementary Figure 11. Beckmann rearrangement at C-17 in trans-androsterone 4. The mechanism
of the Beckmann rearrangement has long been established® and shown to occur through selective
reaction of the sterically least hindered oxime stereoisomer (here, the E isomer) and migration of the
trans-antiperiplanar bond as depicted.

TBSO

Intra1

Supplementary Figure 12. Intramolecular Schmidt reaction. The intramolecular Schmidt reaction of
a tethered azido ketone entails formation of the most stable ring fusion upon azide addition to the
activated (protonated) ketone and subsequent migration of a C—C bond antiperiplanar to the N,* leaving
group. In these reactions, the leaving group generally occupies an equatorial position and migration of
the ring fusion carbon ensues. Under special conditions, axial N.* is possible, leading to bridged
adducts, but these cases are rare®. In the case shown, a-addition to C-17 is proposed because cis [4.3.0]
bicyclic ring systems are generally preferred over the trans version, but the same outcome would be
predicted from either direction of attack.
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17 N3
HO
H H
H H
conformations of spirocycle
large substituent large substituent
Bu-like) ® Bu-l/ke)

N, 1,3 L

| | @

: M Ms oxazinane C @ | O'i‘z 'O

| e chair flip | — L\I;N‘j vs. A
HO or via 1 M N2

| H H oxonium ion | G1l H1l

H H . . large equatorial (favored) large axial
G1l  medium substituent G1I' med/um substltuent
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Supplementary Figure 13. Regiochemistry of D-ring expansion reaction with 3-azidopropanol 6. This
reaction may occur from a combination of two stereochemical/conformational considerations, neither
of which is obvious based on precedent. These are o vs. B attack onto the C-17 oxonium ion and the
formation of a particular 1,3-oxazinane ring chair conformation. All possible transformations are
assumed to involve antiperiplanar migration to an axial N2 leaving group as no exceptions to this
arrangement are currently known (see general mechanistic comments above).

The newly-formed 1,3-oxazinane ring can exist in two conformations as shown. This spirocyclic center
is attached to C16 and C13 of the steroid; the former is ethyl-like and the latter fully substituted, and
therefore tert-butyl-like. Accordingly, C13 should occupy an equatorial position in preference to the
smaller C16 group as shown in the scheme above.

The matter of a vs. B attack is less obvious because in each case described above there is a stable chair
conformation that would lead to the observed stereochemistry, as shown:

Possible ring-conformations leading to C-16 migration:

B-attack, a-attack,
R = Me R = Me

The literature is silent on the preference of intramolecular spirocycle formation in cases like these (as
opposed to intermolecular organometallic additions, which prefer o attack away from the C18 methyl
group). However, C-16 migration was observed when (R)-3-azidobutanol (R)-10 was used in the
reaction (Supplementary Figure 14), which is only consistent with -attack of the azide (in this case, R
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= Me in the above diagram). Moreover, the opposite regiochemistry was observed when (S)-3-
azidobutanol (S)-10 was used in the reaction (Supplementary Figure 15), also only consistent with 3
attack in that system. For those reasons, we propose that 3-attack is uniformly observed in all of the
spirocycles formed upon attack at C-17 by these reagents.
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Me H | 0 )=Me

17 N3 (R)
HO
H H
H H
conformations of spirocycle:
@ L
O’i‘z oxazmane & Me
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G4l G4I G4I G4r
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Supplementary Figure 14. Proposed mechanism for regioselectivity of 17-oxosteroid 4 with (R)-3-
azidobutanol (R)-10. In this example, the (R)-methyl group and the placement of the large C-18 carbon
into an equatorial substituent clearly favor the conformation of the 1,3-oxazinane shown in G4l and
experimentally was shown to lead to isomer G4 resulting from migration of C-16. Together, these facts
support the assignment of B attack onto the C-17 oxonium ion as shown.
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Supplementary Figure 15. Proposed mechanism regioselectivity of 17-oxosteroid 4 with (S)-3-
azidobutanol (S)-10. In this example, the (S)-methyl group and the placement of the large C-18 carbon
into an equatorial substituent clearly favor the conformation of the 1,3-oxazinane shown in H2l and
experimentally was shown to lead to isomer H2 resulting from migration of C-18. Together, these facts
support the assignment of p attack onto the C-17 oxonium ion as shown.
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Supplementary Methods

Caution: Although we have not experienced any untoward events with the compounds mentioned in
this paper, azides and their precursors are known explosive hazards and should be used with
appropriate safety precautions. Minimally, careful control of temperature and scale should be
exercised. We do not recommend distillation of reaction mixtures that may contain residues of azide
sources.

Reactions were performed under inert atmosphere (argon or nitrogen). Reactions were carried out in
either flame-dried round bottom flasks or glass sample vials (TFE-lined cap). All chemicals were
purchased from commercial sources and used without further purification. New containers of BF;*OEt;,
TfOH, and HFIP were used. Anhydrous CH2Cl,, MeOH, DMF and THF were purchased from Sigma-
Aldrich and used as received. Thin-layer chromatography (TLC) was performed using commercial
glass-backed silica plates (250 uM) with an organic binder. Visualization was accomplished with UV
light, Seebach’s stain or aqueous KMnQO, stain and heating. Purification was carried out by an
automated flash chromatography/medium-pressure liquid chromatography (MPLC) system using
normal phase silica gel flash columns (4, 12, 24, 40, or 80 g).

The infrared (IR) spectra were acquired as thin films using a universal ATR sampling accessory either
on a PerkinElmer Spectrum One FT-IR spectrometer, Thermo Scientific Nicolet iS5 FT-IR
spectrometer, or Bruker Alpha FT-IR spectrometer; the absorption frequencies are reported in cm™. All
nuclear magnetic resonance spectra were recorded on a 400 MHz, 500 MHz with a dual carbon/proton
cyroprobe, or 600 MHz with a dual carbon/proton cryoprobe instrument; Varian and Bruker instruments
were used. NMR samples were recorded in deuterated chloroform (CDCIs) or deuterated
dimethylsulfoxide (DMSO-dg). Chemical shifts are reported in parts per million (ppm) and referenced
to the center line of solvent (CDCl3: 6 7.26 ppm for *H NMR and 77.16 for *C NMR; DMSO-ds 6 2.50
ppm for *H NMR and 39.52 for *C NMR). Coupling constants are given in hertz (Hz). Parameters for
1D NOESY and 2D-NMR sequences include. (1) Varian NOESY1D pulse sequence entails nucleus:
1H, number of scans: 64 or 256, receiver gain: 30 or 46, relaxation delay: 1.0, pulse width: 8.8, 9.2 or
11.0, spectrometer frequency: 399.7, spectral width: 6410.3, lowest frequency: -799.8 or -806.8. (2)
Varian HSQCAD pulse sequence entails nucleus: (1H, 13C), number of scans: 4 or 8, receiver gain: 30,
relaxation delay: 1.0, pulse width: 8.8 or 9.2, spectrometer frequency: (399.7, 100.5), spectral width:
(6410.3, 20100.5), lowest frequency: (-806.8, -1004.7). (3) Bruker HSQCAD pulse sequence entails
nucleus: (1H, 13C), number of scans: 2 or 4, receiver gain: 2050 or 3649, relaxation delay: 2.0, pulse
width: 16.0, spectrometer frequency: (500.2, 125.8), spectral width: (8012.8, 20836.7), lowest
frequency: (-1662.0, -1599.9). (4) Varian gHMBCAD pulse sequence entails nucleus: (1H, 13C),
number of scans: 8, 16 or 32, receiver gain: 30, relaxation delay: 1.0, pulse width: 8.8, spectrometer
frequency: (399.7, 100.5), spectral width: (6410.3, 24118.2), lowest frequency: (-806.8, -1505.8). (5)
Varian gCOSY pulse sequence entails nucleus: (1H, 1H), number of scans: 5, receiver gain: 48,
relaxation delay: 1.0, pulse width: 8.8, spectrometer frequency: (399.7, 399.7), spectral width: (3787.9,
3787.9), lowest frequency: (-379.5, -379.5). (6) Bruker cosygpgf pulse sequence entails nucleus: (1H,
1H), number of scans: 1 or 2, receiver gain: 32 or 90, relaxation delay: 1.5, pulse width: 16.0,
spectrometer frequency: (500.2, 500.2), spectral width: (6684.5, 6677.7), lowest frequency: (-335, -
331.6).

HRMS data were collected using two instruments. (1) Time-of-flight mass spectrometer (TOF) with an
electrospray ion source (ESI). (2) Thermo LTQ Fourier transform ion cyclotron resonance (FT-ICR,
7T) with a heated electrospray ion source (HESI), electrospray ion source (ESI), atmospheric-pressure
chemical ionization source (APCI), or atmospheric-pressure photoionization (APPI). Purity data were
collected using two instruments. (1) Waters Acquity H-class UPLC-PDA detector coupled to the
Thermo LTQ Fourier transform ion cyclotron resonance mass spectrometer (FT-ICR, 7T) with a heated
electrospray ion source (HESI). Samples were run on analytical Acquity UPLC BEH 2.1 x 50 mm, 1.7
pm, C18 column, and analytical Acquity UPLC HSS T3, 2.1 x 50 mm, 3.18 um, C18 column, at 40 °C
with mobile phases A (H20 + 0.1% formic acid) and B (MeCN + 0.1% formic acid). (2) Agilent 6110
Series LCMS with a UV detector and a single quadrupole mass spectrometer. Samples were run on an
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analytical Agilent Eclipse Plus 4.6 x 50 mm, 1.8 um, C18 column at room temperature with mobile
phases A (H.O + 0.1% acetic acid) and B (MeOH + 0.1% acetic acid). Melting points were determined
in open capillary tubes using OptiMelt, an automated melting point apparatus, and are uncorrected.

Spectroscopic data for known compounds described in the paper match with those reported in the
literature. *'H NMR and *C NMR of known compounds are provided in the Supplementary Figures
section.

List of known compounds

The following steroid intermediates and substrates: S17, 18, 2°, 39, S121 Beck1'?, S13%3, S15!114 5p1s
The following hydroxyalkyl azides: 6%, (R)-7Y, (R)-8Y, (R)-9, 1216, (S)-148, (R)-14%¢, (R)-15%, (S)-
1618

Preparation of steroidal ketones (known compounds)

5a-Cholestan-3-ol, S17

To a solution of cholesterol (2.03 g, 5.25 mmol) in anhydrous EtOH (55.0 mL, 0.1 M) was added 10%
Pd/C (220 mg, 2.07 mmol, 0.40 equiv) under argon. The reaction mixture was degassed and charged
with hydrogen. The reaction mixture was stirred under balloon-pressure hydrogen overnight. The
reaction mixture was filtered over Celite and concentrated. Purification was carried out by an automated
MPLC system using a 40 g normal phase silica column with gradient elution from 0-10%
EtOAc/hexanes to afford S1 as a white amorphous solid (1.86 g, 4.79 mmol, 91% vyield).
Characterization data were consistent with reported data.

5a-Cholestan-3-one, 18

To a solution of S1 (1.57 g, 4.04 mmol) in anhydrous CH,Cl, (50.0 mL) was added Celite and PCC
(1.31 g, 6.07 mmol, 1.5 equiv) at O °C. The reaction mixture was allowed to room temperature and
stirred overnight. The reaction mixture was filtered through a short pad of Celite and concentrated.
Purification was carried out by an automated MPLC system using a 40 g normal phase silica column
with gradient elution from 0-10% EtOAc/hexanes to afford 1 as a white amorphous solid (1.45 g, 3.75
mmol, 93% yield). Characterization data were consistent with reported data; mp 129-130 °C.

Me ©H
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Sa-Dihydrotestosterone, 2°

Following a literature procedure?®, 5a-Dihydrotestosterone 2 was prepared as described. To a solution
of testosterone (570 mg, 1.98 mmol) in anhydrous THF (6.0 mL) was condensed liquid NHz (~30 mL)
at —78 °C. To the cooled solution was added pieces of lithium wire (83.0 mg, 12.0 mmol, 6.0 equiv).
The blue solution was stirred at —78 °C for 20 min, and was allowed to —35 °C and stirred for an
additional 2 h. The reaction mixture was quenched by adding solid NH.CI slowly (until the
disappearance of blue). The resulting mixture was diluted with H,O and EtOAc. The organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered, and concentrated. Purification was carried
out by an automated MPLC system using a 24 g normal phase silica column with gradient elution from
0-30% EtOAc/hexanes to afford 2 as a white amorphous solid (331 mg, 1.14 mmol, 58% yield).
Characterization data were consistent with reported data; mp 179-181 °C.

Me ©OH

5B-Dihydrotestosterone, 3%

To a solution of testosterone (2.30 g, 8.00 mmol) in anhydrous THF (80.0 mL, 0.1 M) was added 10%
Pd/C (341 mg, 3.20 mmol, 0.40 equiv) under argon. The reaction mixture was degassed and charged
with hydrogen. The reaction mixture was stirred under balloon-pressure hydrogen overnight. The
reaction mixture was filtered over Celite and concentrated. Purification was carried out by an automated
MPLC system using an 80 g normal phase silica column with gradient elution from 0-20%
EtOAc/hexanes to afford 3 as a colorless amorphous solid (1.51 g, 5.20 mmol, 65% yield) and 2 as a
white amorphous solid (414 mg, 1.43 mmol, 18% vyield). Characterization data were consistent with
reported data.

Preparation of hydroxyalkyl azides

HO/\/\N3
6

3-Azidopropanol, 6°
3-Azidopropanol 6 was prepared following a previously published procedure. Characterization data
were consistent with reported data.

Ph

HO}\/\CI

S2

(+)-3-Chloro-1-phenylpropanol, S22
(x)-3-Chloro-1-phenylpropanol S2 was prepared following a previously published procedure.
Characterization data were consistent with reported data.

HO)\/\N

(#)-7

3

(x)-3-Azido-1-phenylpropanol, (z)-7
Following a literature procedure!’, (+)-3-azido-1-phenylpropanol (+)-7 was prepared as described. A
mixture of (z)-3-chloro-1-phenylpropanol S2 (681 mg, 3.99 mmol), NaNs (780 mg, 12.0 mmol, 3.0
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equiv), Nal (899 mg, 6.00 mmol, 1.5 equiv) in anhydrous DMF (40.0 mL) was stirred for 24 h at 80 °C.
The reaction mixture was partitioned between Et,O and water. The organic layer was washed with brine,
dried over anhydrous Na,SOs, filtered, and concentrated under a stream of nitrogen. The crude oil was
purified by an automated MPLC system using a 24 g normal phase silica column with gradient elution
of 0-15% EtOAc/hexanes. Concentration of solvents under nitrogen afforded racemic product as a
colorless oil (619 mg, 3.50 mmol, 88% yield). R = 0.25 (10% EtOAc/hexanes); IR (neat) 3378, 2089
cmt; *H NMR (400 MHz, CDCls3) & 7.40-7.28 (m, 5H), 4.85 (m, 1H), 3.54-3.36 (m, 2H), 2.09-1.91
(m, 3H); C NMR (101 MHz, CDCl3) & 144.0, 128.8, 128.1, 125.9, 72.0, 48.5, 38.0. HRMS (TOF,
ESI) m/z: [M — Nz + H]* calcd for CsH12NO 150.0913, found 150.0898. HPLC: Chiralcel OD-H, Daicel
Chemical Industries, Ltd.; 2-40% i-PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; (S)
tr = 10.29 min, (R) tg = 11.03 min.

Ph

Ho)\/\N

(R)-7

3

(R)-3-Azido-1-phenylpropanol, (R)-7*
(R)-3-Azido-1-phenylpropanol (R)-7 was prepared following a previously published procedure.
Characterization data were consistent with reported data.

Ph
HO "N,

(S)-7

(S)-3-Azido-1-phenylpropanol, (S)-7

Following a literature procedure’, (S)-3-azido-1-phenylpropanol (S)-7 was prepared as described. A
mixture of (S)-3-chloro-1-phenylpropanol (859 mg, 5.03 mmol), NaNs (975 mg, 15.0 mmol, 3.0 equiv),
Nal (1.12 g, 7.50 mmol, 1.5 equiv) in anhydrous DMF (45.0 mL) was stirred for 24 h at 80 °C. The
reaction mixture was partitioned between Et,O and water. The organic layer was washed with brine,
dried over anhydrous Na,SQ,, filtered, and concentrated under a stream of nitrogen. The crude oil was
purified by an automated MPLC system using a 24 g normal phase silica column with gradient elution
of 0-15% EtOAc/hexanes. Concentration of solvents under nitrogen afforded product as a colorless oil
(797 mg, 4.50 mmol, 89% vyield) in >99.5% ee as determined by analytical HPLC. R = 0.25 (10%
EtOAc/hexanes); IR (neat) 3373, 2092 cm™; [a]33® = —35.9 (¢ 1.09, CHCIls); *H NMR (400 MHz,
CDCls) 6 7.40-7.28 (m, 5H), 4.84 (dd, J = 8.4, 4.7, 1H), 3.54-3.36 (m, 2H), 2.09-1.91 (m, 3H); BC
NMR (101 MHz, CDCls) 6 144.0, 128.8, 128.1, 125.9, 72.0, 48.5, 38.0. HRMS (TOF, ESI) m/z: [M —
N2 + H]* calcd for 150.0913, found 150.0895. HPLC: Chiralcel OD-H, Daicel Chemical Industries,
Ltd.; 2-40% i-PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; (S) tr = 10.29 min, (R)
tr = 11.03 min.

HO/Y\Ns

Me

(R)-8
(R)-3-Azido-2-methylpropanol, (R)-8'
(R)-3-Azido-2-methylpropanol (R)-8 was prepared following a previously published procedure at an
elevated temperature of 45 °C for 24 h. Characterization data were consistent with reported data.

HO >N,
Me
(S)-8
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(S)-3-Azido-2-methylpropanol, (S)-8

Following a literature procedure, (S)-3-azido-2-methylpropanol (S)-8 was prepared as described. A
mixture of (R)-3-bromo-2-methylpropanol (310 pL, 2.96 mmol) and NaNs (975 mg, 15.0 mmol, 5.0
equiv) in anhydrous DMF (8.0 mL) was stirred for 24 h at 45 °C. The reaction mixture was partitioned
between Et,O and H,O. The organic layer was washed with H-O, brine, dried over anhydrous Na,SOs,
filtered, and concentrated under a stream of nitrogen. The crude oil was purified by an automated MPLC
system using a 24 g normal phase silica column with gradient elution of 0-25% EtOAc/hexanes.
Concentration of solvents under nitrogen afforded product as a colorless oil (315 mg, 2.74 mmol, 91%
yield). Ry = 0.30 (25% EtOAc/hexanes); IR (neat) 3341, 2092 cm™; [a]43 = -5.98 (¢ 1.00, CHCls); *H
NMR (400 MHz, CDCls) 6 3.58 (m, 2H), 3.35 (m, 2H), 1.93 (m, 1H), 1.65 (s, 1H), 0.97 (d, J = 6.9,
3H); *C NMR (101 MHz, CDCls) § 65.5, 54.8, 36.0, 14.6. HRMS (TOF, ESI) m/z: [2M - H]" calcd for
CsH17NsO2 229.1418, found 229.1414.

Ph
HO/\/\N3

(R)-9

(R)-3-Azido-3-phenylpropanol, (R)-9*

(R)-3-Azido-3-phenylpropanol (R)-9 was prepared following a previously published procedure, in
which DPPA and DIAD were used instead of hydrazoic acid and DEAD, respectively. Characterization
data were consistent with reported data.

Ph
AcO” >""OH

S3

(R)-3-Hydroxy-3-phenylpropyl acetate, S3

Following a literature procedure!’, (R)-3-hydroxy-3-phenylpropyl acetate S3 was prepared as described.
A mixture of (R)-3-chloro-1-phenylpropanol (1.03 g, 6.02 mmol), NaOAc (1.48 g, 18.0 mmol, 3.0
equiv) and Nal (1.08 mg, 7.20 mmol, 1.2 equiv) was heated at 130 °C in anhydrous DMF (60.0 mL) for
24 h. The reaction was cooled, and partitioned between Et,O and water. The organic layer was washed
with brine, dried over anhydrous Na,SO., filtered, and concentrated under a stream of nitrogen. The
crude oil was purified by an automated MPLC system using a 24 g normal phase silica column with
gradient elution of 0-15% EtOAc/hexanes. Concentration of solvents under nitrogen afforded product
as a colorless oil (758 mg, 3.90 mmol, 65% yield). Rt = 0.30 (20% EtOAc/hexanes); IR (neat) 3424,
1728 cm'%; [a]® = +22.3 (¢ 1.03, CHCls); *H NMR (400 MHz, CDCl3) § 7.36 (m, 4H), 7.29 (m, 1H),
4.80 (m, 1H), 4.33 (m, 1H), 4.13 (m, 1H), 2.20 (m, 1H), 2.14-1.95 (m, 5H); 3C NMR (101 MHz,
CDCl3) 8 171.4, 144.0, 128.7, 127.9, 125.9, 71.4, 61.7, 38.1, 21.1. HRMS (FT-ICR, ESI) m/z: [M +
Na]* calcd for C11H14NaO; 217.0835, found 217.0832.

Ph

HO/\/'\N

(S)-9

3

(S)-3-Azido-3-phenylpropanol, (S)-9

Following a literature procedure®’, (S)-3-azido-3-phenylpropan-1-ol (S)-9 was prepared as described. A
solution of (R)-3-hydroxy-3-phenylpropyl acetate S3 (1.07 g, 5.50 mmol) dissolved in anhydrous THF
(55.0 mL) was cooled to 0 °C. PPhs (2.17 g, 8.26 mmol, 1.5 equiv), DPPA (2.00 mL, 9.35 mmol, 1.7
equiv), and DIAD (1.6 mL, 8.25 mmol, 1.5 equiv) were added sequentially. The reaction mixture was
warmed to room temperature and stirred for 18 h. The reaction mixture was partitioned between Et,O
and H,O. The organic layer was washed with H-O, brine, dried over anhydrous Na;SO., filtered, and
concentrated under a stream of nitrogen. The crude oil was purified by an automated MPLC system
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using a 24 g normal phase silica column with gradient elution of 0-20% EtOAc/hexanes. Concentration
of solvents under nitrogen afforded a colorless impure oil (Rs= 0.73, 20% EtOAc/hexanes). The impure
oil was directly hydrolyzed with K,COs (1.14 g, 8.25 mmol, 1.5 equiv) in anhydrous MeOH (45.0 mL)
at room temperature for 24 h. MeOH was removed under a stream of nitrogen, and the crude residue
was purified by an automated MPLC system using a 24 g normal phase silica column with gradient
elution of 0-20% EtOAc/hexanes. Concentration of solvents under nitrogen afforded product as a
colorless oil (815 mg, 4.56 mmol, 83% yield) in 97.0% ee as determined by analytical HPLC. R;=0.30
(20% EtOAc/hexanes); IR (neat) 3335, 2094 cm™; [a]3® = -168.4 (c 1.02, CHCI3); *H NMR (400 MHz,
CDCl3) 6 7.43-7.26 (m, 5H), 4.71 (dd, J = 8.8, 5.8 Hz, 1H), 3.82-3.67 (m, 2H), 2.11-1.92 (m, 2H); *C
NMR (101 MHz, CDCls) 6 139.4, 129.1, 128.6, 127.0, 63.6, 59.8, 38.9. HRMS (TOF, ESI) m/z: [M —
N2 + H]* calcd for CoH12NO 150.0913, found 150.0900. HPLC: Chiralcel OD-H, Daicel Chemical
Industries, Ltd.; 2-40% i-PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; (R) tr = 11.29
min, (S) tr = 12.77 min.

Me
8SO” " OH

S4

(S)-4-((tert-Butyldimethylsilyl)oxy)butan-2-ol, S4

Following a literature procedure??, (S)-4-((tert-butyldimethylsilyl)oxy)butan-2-ol S4 was prepared as
described. Imidazole (1.36 g, 20.0 mmol, 2.0 equiv) and DMAP (31.0 mg, 25.0 mmol, 2.5 equiv) were
added to (S)-1,3-butandiol (900 pL, 10.0 mmol) in anhydrous DMF (25.0 mL, 0.4 M). The mixture was
cooled to 0 °C and TBDMSCI (1.66 g, 11.0 mmol, 1.1 equiv) in anhydrous CH>Cl, (12.0 mL) was
added. The solution was stirred at 0 °C for 2 h and then stirred at room temperature overnight. The
reaction mixture was diluted with H>O and extracted with Et>O (4 x 20 mL). The combined organic
layers were dried over anhydrous Na.SO., filtered, and concentrated under a stream of nitrogen. The
crude oil was purified by an automated MPLC system using a 24 g normal phase silica column with
gradient elution of 0-10% EtOAc/hexanes. Concentration of solvents under nitrogen afforded product
as a colorless oil (1.82 g, 8.89 mmol, 89% vyield). Rs = 0.32 (10% EtOAc/hexanes); IR (neat) 3388 cm
L [a]3? = —4.31 (¢ 1.02, CHCls); *H NMR (400 MHz, CDCls) § 4.03 (m, 1H), 3.89 (m, 1H), 3.81 (m,
1H), 1.65 (m, 2H), 1.19 (d, J = 6.24 Hz, 3H), 0.90 (s, 9H), 0.081 (s, 6H); 3C NMR (101 MHz, CDCl5)
8 68.5, 62.9, 40.1, 26.0, 23.5, 18.3, -5.38, -5.43. HRMS (FT-ICR, ESI) m/z: [M + Na]* calcd for
C10H24NaO,Si 227.1438, found 227.1434.

Me

TBSO/\/'\N

S5

3

(R)-(3-Azidobutoxy)(tert-butyl)dimethylsilane, S5

Following a literature procedure’, (R)-(3-azidobutoxy)(tert-butyl)dimethylsilane S5 was prepared as
described. A solution of (S)-4-((tert-butyldimethylsilyl)oxy)butan-2-ol S4 (1.02 g, 5.00 mmol) in
anhydrous THF (50.0 mL) was cooled to 0 °C. PPhs (1.57 g, 6.00 mmol, 1.2 equiv), DPPA (1.60 mL,
7.42 mmol, 1.48 equiv), and DIAD (1.20 mL, 6.09 mmol, 1.2 equiv) were added sequentially. The
reaction mixture was warmed to room temperature and stirred for 18 h. The reaction mixture was
partitioned between Et,O and H,O. The organic layer was washed with H,O, brine, dried over
anhydrous Na,SO., filtered, and concentrated under nitrogen atmosphere. The crude oil was purified
by an automated MPLC system using a 24 g normal phase silica column with gradient elution of 100%
hexanes. Concentration of solvents under nitrogen afforded product as a colorless oil (857 mg, 3.74
mmol, 75% yield). R¢= 0.75 (10% EtOAc/hexanes); IR (neat) 2098 cm™; [a]3® = -55.8 (c 1.00, CHCIl3);
'H NMR (400 MHz, CDCls) & 3.68 (m, 3H), 1.66 (m, 2H), 1.28 (d, J = 6.60 Hz, 3H), 0.90 (s, 9H),
0.062 (s, 3H), 0.057 (s, 3H); **C NMR (101 MHz, CDCls) § 59.7, 54.9, 39.2, 26.1, 19.8, 18.4, -5.26.
HRMS (TOF, ESI) m/z: [M — N2 + H]" calcd for C10H24NOSi 202.1622, found 202.1636.
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(R)-3-Azidobutanol, (R)-10

Following a literature procedure!’, (R)-3-azidobutanol (R)-10 was prepared as described. A solution of
(R)-(3-azidobutoxy)(tert-butyl)dimethylsilane S5 (573 mg, 2.50 mmol) in anhydrous THF (50.0 mL)
was treated with TBAF (1.0 M in THF, 2.75 mL, 2.75 mmol, 1.1 equiv). After stirring at room
temperature for 30 min, the reaction was partitioned between Et,O and H>O. The organic layer was
washed with a saturated solution of NH4CI, brine, dried over anhydrous Na;SO., filtered, and
concentrated under a stream of nitrogen. The crude oil was purified by an automated MPLC system
using a 12 g normal phase silica column with gradient elution of 0-45% EtOAc/hexanes. Concentration
of solvents under nitrogen afforded product as a colorless oil (234 mg, 2.03 mmol, 81% yield). Rf =
0.33 (25% EtOAc/hexanes); IR (neat) 3341, 2094 cm™; [a]33 = -107.3 (¢ 1.00, CHCIs); *H NMR (400
MHz, CDCl;) 6 3.81-3.68 (m, 3H), 1.72 (m, 2H), 1.32 (d, J = 6.56, 3H); *C NMR (101 MHz, CDCls)
d 60.0, 55.5, 38.7, 19.7. HRMS (TOF, ESI) m/z: [2M - H]  calcd for CsH17NsO, 229.1418, found
229.1446.

Me

TBSO/\/kOH

S6

(R)-4-((tert-Butyldimethylsilyl)oxy)butan-2-ol, S62?
(R)-4-((tert-Butyldimethylsilyl)oxy)butan-2-ol S6 was prepared following a previously published
procedure. Characterization data were consistent with reported data.

Me
TBSO” "N,

S7

(S)-(3-Azidobutoxy)(tert-butyl)dimethylsilane, S7

Following a literature procedure!’, (S)-(3-azidobutoxy)(tert-butyl)dimethylsilane S7 was prepared as
described. A solution of (R)-4-((tert-butyldimethylsilyl)oxy)butan-2-ol S6 (1.02 g, 5.00 mmol) in
anhydrous THF (50.0 mL) was cooled to 0 °C. PPhs (1.57 g, 6.00 mmol, 1.2 equiv), DPPA (1.60 mL,
7.42 mmol, 1.48 equiv), and DIAD (1.20 mL, 6.09 mmol, 1.21 equiv) were added sequentially. The
reaction mixture was warmed to room temperature and stirred for 18 h. The reaction mixture was
partitioned between Et,O and H,O. The organic layer was washed with H,O, brine, dried over
anhydrous Na,SOQq, filtered, and concentrated under a stream of nitrogen. The crude oil was purified by
an automated MPLC system using a 24 g normal phase silica column with gradient elution of 100%
hexanes. Concentration of solvents under nitrogen afforded product as a colorless oil (897 mg, 3.91
mmol, 78% yield). R¢= 0.75 (10% EtOAc/hexanes); IR (neat) 2098 cm; [a]33 = +58.1 (c 1.02, CHCly);
'H NMR (400 MHz, CDCls) & 3.69 (m, 3H), 1.66 (m, 2H), 1.28 (d, J = 6.56, 3H), 0.90 (s, 9H), 0.062
(s, 3H), 0.057 (s, 3H); *C NMR (101 MHz, CDCls) § 59.7, 55.0, 39.3, 26.0, 19.8, 18.4, -5.27. HRMS
(TOF, ESI) m/z: [M — N2 + H]* calcd for C10H2:NOSi 202.1622, found 202.1597.

Me

HO™ "N,

(S)-3-Azidobutanol, (S)-10
Following a literature procedure?’, (S)-3-azidobutanol (S)-10 was prepared as described. A solution of
(S)-(3-azidobutoxy)(tert-butyl)dimethylsilane S7 (520 mg, 2.27 mmol) in anhydrous THF (45.0 mL)
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was treated with TBAF (1.0 M in THF, 2.50 mL, 2.50 mmol, 1.1 equiv). After stirring at room
temperature for 30 min, the reaction was partitioned between Et,O and H>O. The organic layer was
washed with a saturated solution of NH4CI, brine, dried over anhydrous Na;SO, filtered, and
concentrated under a stream of nitrogen. The crude oil was purified by an automated MPLC system
using a 12 g normal phase silica column with gradient elution of 0-45% EtOAc/hexanes. Concentration
of solvents under nitrogen afforded product as a colorless oil (178 mg, 1.55 mmol, 68% yield). R =
0.32 (25% EtOAc/hexanes); IR (neat) 3341, 2094 cm™; [a]33 = +91.7 (c 1.00, CHCls); *H NMR (400
MHz, CDCls) & 3.81-3.74 (m, 3H), 1.71 (m, 2H), 1.32 (d, J = 6.56 Hz, 3H); 3C NMR (101 MHz,
CDCl3) 6 60.0, 55.5, 38.8, 19.7. HRMS (ESI) m/z calcd for C4H10N3O [M + H]* 116.0824, found
116.0485.

Br

HO Cl
S8

(R)-1-(4-Bromophenyl)-3-chloropropanol, S8

Following a literature procedure?, (R)-1-(4-bromophenyl)-3-chloropropanol S8 was prepared as
described. A flame-dried, three-neck 25 mL round bottom equipped with a thermocouple was charged
with (R)-(+)-2-methyl-CBS-oxazaborolidine solution (1.0 M in toluene, 900 pL, 0.900 mmol, 0.15
equiv). Borane N,N-diethylaniline complex (1.60 mL, 9.00 mmol, 1.5 equiv), and was heated to 30 °C.
4’-Bromo-3-chloropropiophenone (1.48 g, 6.00 mmol) in anhydrous toluene (4.0 mL) was added
dropwise to the reaction mixture using a syringe pump (0.07 mL/min) over 60 min. After ketone
addition, the reaction mixture was stirred for an additional 1 h at 30 °C. The reaction mixture was
allowed to 25 °C, and carefully quenched with MeOH (3.0 mL), followed by addition of 1.0 N HC1 (5.0
mL) and stirred for 15-20 min. The aqueous layer was extracted with Et,O (4 x 10 mL). The combined
organic layers were washed with 1.0 N HCI (2 x 10 mL), H2O, brine, dried over anhydrous Na,SOs,,
filtered, and concentrated. The crude oil was purified by an automated MPLC system using a 24 g
normal phase silica column with gradient elution of 0-10% EtOAc/hexanes. Concentration of solvents
under nitrogen afforded product as a colorless oil (1.25 g, 5.02 mmol, 84% vyield) in 92.2% ee as
determined by analytical HPLC. Rs = 0.30 (10% EtOAc/hexanes); IR (neat) 3366 cm™; [a]43 = +7.25
(c 1.00, CHCIl5); *H NMR (400 MHz, CDCl3) § 7.50 (m, 2H), 7.25 (m, 2H), 4.94 (m, 1H), 3.74 (m, 1H),
3.55 (m, 1H), 2.20 (m, 1H), 2.05 (m, 1H), 1.95 (br s, 1H); *C NMR (101 MHz, CDCls) § 142.8, 131.9,
127.6,121.8,70.8,41.6,41.5. HRMS (TOF, ESI) m/z: [M + HCOO]  calcd for C10H1:BrCl03292.9580,
found 292.9571. HPLC: Chiralcel OJ-H, Daicel Chemical Industries, Ltd.; 2-40% i-PrOH/hexanes over
60 min; flow rate 1.0 mL/min; UV 220 nm; (S) tr = 11.57 min, (R) tr = 12.89 min.

Br

HO N;
(R)-11

(R)-3-Azido-1-(4-bromophenyl)propanol, (R)-11

Following a literature procedure!’, (R)-3-azido-1-(4-bromophenyl)propanol (R)-11 was prepared as
described. A mixture of (R)-1-(4-bromophenyl)-3-chloropropanol S8 (999 mg, 4.00 mmol), NaNs (780
mg, 12.0 mmol, 3.0 equiv), Nal (899 mg, 6.00 mmol, 1.5 equiv) in anhydrous DMF (40.0 mL) was
stirred for 24 h at 80 °C. The reaction mixture was partitioned between Et,O and H,O. The organic layer
was washed brine, dried over anhydrous Na»SOs, filtered, and concentrated under a stream of nitrogen.
The crude oil was purified by an automated MPLC system using a 24 g normal phase silica column
with gradient elution of 0-20% EtOAc/hexanes. Concentration of solvents under nitrogen afforded
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product as a colorless oil (902 mg, 3.52 mmol, 88% vyield) in 92.7% ee as determined by analytical
HPLC. Rs = 0.20 (10% EtOAc/hexanes); IR (neat) 3386, 2092 cm™; [a]3° = +18.3 (¢ 1.00, CHCI3); *H
NMR (400 MHz, CDCls) 8 7.49 (m, 2H), 7.24 (m, 2H), 4.82 (dd, J = 8.5, 4.5, 1H), 3.52 (m, 1H), 3.38
(m, 1H), 2.09 (br s, 1H), 2.06-1.84 (m, 2H); *C NMR (101 MHz, CDCl3) § 143.0, 131.9, 127.6, 121.8,
76.8, 48.4, 38.0. HRMS (FT-ICR, APPI) m/z: [M — Nz + H]* calcd for CoH1:BrNO 228.0019, found
228.0019. HPLC: Chiralpak IA, Daicel Chemical Industries, Ltd.; 8% EtOH/hexanes over 60 min; flow
rate 1.0 mL/min; UV 220 nm; (S) tr = 11.56 min, (R) tr = 13.74 min.

Br

HO™ "¢
S9

(S)-1-(4-Bromophenyl)-3-chloropropanol, S9

Following a literature procedure?, (S)-1-(4-bromophenyl)-3-chloropropanol S9 was prepared as
described. A flame-dried, three-neck 25 mL round bottom equipped with a thermocouple was charged
with (R)-(+)-2-methyl-CBS-oxazaborolidine solution (1.0 M in toluene, 900 pL, 0.900 mmol, 0.15
equiv). Borane N,N-diethylaniline complex (1.60 mL, 9.00 mmol, 1.5 equiv), and was heated to 30 °C.
4’-Bromo-3-chloropropiophenone (1.48 g, 6.00 mmol) in anhydrous toluene (4.0 mL) was added
dropwise to the reaction mixture using a syringe pump (0.07 mL/min) over 60 min. After ketone
addition, the reaction mixture was stirred for an additional 1 h at 30 °C. The reaction mixture was
allowed to 25 °C, and carefully quenched with MeOH (3.0 mL), followed by addition of 1.0 N HC1 (5.0
mL) and stirred for 15-20 min. The aqueous layer was extracted with Et,O (4 x 10 mL). The combined
organic layers were washed with 1.0 N HCI (2 x 10 mL), H2O, brine, dried over anhydrous Na,SOsx,
filtered, and concentrated. The crude oil was purified by an automated MPLC system using a 24 g
normal phase silica column with gradient elution of 0-10% EtOAc/hexanes. Concentration of solvents
under nitrogen afforded product as a colorless oil (1.20 g, 4.80 mmol, 80% vyield) in 93.8% ee as
determined by analytical HPLC. R = 0.30 (10% EtOAc/hexanes); IR (neat) 3366 cm™; [a]43 = —6.00
(c 1.00, CHCIs). Characterization data were consistent with reported data.>* HPLC: Chiralcel OJ-H,
Daicel Chemical Industries, Ltd.; 2—40% i-PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220
nm; (S) tr = 11.57 min, (R) tr = 12.89 min.

Br

HO/\/\N3
(S)-11

(S)-3-Azido-1-(4-bromophenyl)propanol, (S)-11

Following a literature procedure'’, (S)-3-azido-1-(4-bromophenyl)propanol (S)-11 was prepared as
described. A mixture of (S)-1-(4-bromophenyl)-3-chloropropanol S9 (1.04 g, 4.16 mmol), NaNz (780
mg, 12.5 mmol, 3.0 equiv), Nal (890 mg, 6.24 mmol, 1.5 equiv) in anhydrous DMF (40.0 mL) was
stirred for 24 h at 80 °C. The reaction mixture was partitioned between Et,O and H,O. The organic layer
was washed with brine, dried over anhydrous Na,SO,, filtered, and concentrated under a stream of
nitrogen. The crude oil was purified by an automated MPLC system using a 24 g normal phase silica
column with gradient elution of 0-20% EtOAc/hexanes. Concentration of solvents under nitrogen
afforded product as a colorless oil (1.01 g, 3.97 mmol, 95% vyield) in 93.2% ee as determined by
analytical HPLC. R¢ = 0.20 (10% EtOAc/hexanes); IR (neat) 3385, 2092 cm; [a]3° = —18.1 (¢ 1.00,
CHCIs); *H NMR (400 MHz, CDCl3) & 7.49 (m, 2H), 7.24 (m, 2H), 4.81 (dd, J = 8.4, 4.5 Hz, 1H), 3.51
(m, 1H), 3.38 (m, 1H), 2.14 (br s, 1H), 2.05-1.83 (m, 2H); *C NMR (101 MHz, CDCls3) § 142.9, 131.9,
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127.6, 121.8, 71.4, 48.4, 38.0. HRMS (FT-ICR, APPI) m/z: [M — N2 + H]" calcd for CosH1:BrNO
228.0019, found 228.0019. HPLC: Chiralpak 1A, Daicel Chemical Industries, Ltd.; 8% EtOH/hexanes
over 60 min; flow rate 1.0 mL/min; UV 220 nm; (S) tr = 11.56 min, (R) tr = 13.74 min.

Ho >N
12

2-Azidoethanol, 1216
2-Azidoethanol 12 was prepared following a previously published procedure. Characterization data
were consistent with reported data.

(S)-2-Chloro-1-phenylethanol, S10

Following a literature procedure?, (S)-2-chloro-1-phenylethanol S10 was prepared as described. A
flame-dried, three-neck 25 mL round bottom equipped with a thermocouple was charged with (S)-(+)-
2-methyl-CBS-oxazaborolidine solution (1.0 M in toluene, 1.65 mL, 1.65 mmol, 0.1 equiv). Borane
N,N-diethylaniline complex (3.0 mL, 1.01 mmol, 1.01 equiv), and was heated to 32 °C. 2-
Chloroacetophenone (2.55 g, 16.5 mmol) in anhydrous toluene (6.0 mL) was added dropwise to the
reaction mixture using a syringe pump (0.10 mL/min) over 90 min. After ketone addition, the reaction
mixture was stirred for an additional 1 h at 32 °C. The reaction mixture was allowed to 25 °C, and
carefully quenched with MeOH (5.0 mL), followed by addition of 1.0 N HCI (10.0 mL) and stirred for
15-20 min. The aqueous layer was extracted with Et,O (4 x 15 mL). The combined organic layers were
washed with 1.0 N HCI (2 x 10 mL), H2O, brine, dried over anhydrous Na,SO., filtered, and
concentrated. The crude oil was purified by an automated MPLC system using a 24 g normal phase
silica column with gradient elution of 0-5% EtOAc/hexanes. Concentration of solvents under nitrogen
afforded product as a colorless oil (2.09 g, 13.3 mmol, 81% vyield) in 97.8% ee as determined by
analytical HPLC. R¢ = 0.40 (10% EtOAc/hexanes); IR (neat) 3379 cm™; [a]3? = +57.3 (¢ 1.00, CHCls).
Characterization data were consistent with reported data.?> HPLC: Chiralcel OD-H, Daicel Chemical
Industries, Ltd.; 2-40% i-PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; (S) tr = 9.75
min, (R) tr = 10.83 min.

(S)-2-Azido-1-phenylethanol, (S)-13

Following a literature procedure®’, (S)-2-azido-1-phenylethanol (S)-13 was prepared as described. A
mixture of (S)-2-chloro-1-phenylethanol S10 (313 mg, 2.00 mmol), NaNs; (520 mg, 8.00 mmol, 4.0
equiv), and Nal (599 g, 4.00 mmol, 2.0 equiv) in anhydrous DMF (20.0 mL) was stirred for 30 h at 85
°C. The reaction mixture was partitioned between Et,O and H>O. The organic layer was washed with
brine, dried over anhydrous Na,SQs, filtered, and concentrated under a stream of nitrogen. The crude
oil was purified by an automated MPLC system using a 24 g normal phase silica column with gradient
elution of 0-10% EtOAc/hexanes. Concentration of solvents under nitrogen afforded product as a
colorless oil (292 mg, 1.79 mmol, 90% yield) in >99.5% ee as determined by analytical HPLC. Rs =
0.25 (10% EtOAc/hexanes); IR (neat) 3396, 2096 cm™; [a]3? = +87.9 (c 1.03, CHCl3); *H NMR (400
MHz, CDCls) & 7.45-7.29 (m, 5H), 4.89 (m, 1H), 3.47 (m, 2H), 2.32 (d, J = 3.2 Hz, 1H); *C NMR
(101 MHz, CDCls) 6 140.7, 128.9, 128.6, 126.1, 73.6, 58.3. HRMS (TOF, ESI) m/z: [M — N2 + H]*
calcd for CgH1oNO 136.0757, found 136.0719. HPLC: Chiralcel OJ-H, Daicel Chemical Industries,
Ltd.; 2% i-PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; (R) tr = 24.41 min, (S) tr =
29.05 min.
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Ph
HO/’\/CI
S11

(R)-2-Chloro-1-phenylethanol, S11

Following a literature procedure?, (R)-2-chloro-1-phenylethanol S11 was prepared as described. A
flame-dried, three-neck 25 mL round bottom equipped with a thermocouple was charged with (R)-(+)-
2-methyl-CBS-oxazaborolidine solution (1.0 M in toluene, 1.65 mL, 1.65 mmol, 0.1 equiv). Borane
N,N-diethylaniline complex (3.0 mL, 1.01 mmol, 1.01 equiv), and was heated to 32 °C. 2-
Chloroacetophenone (2.55 g, 16.5 mmol) in anhydrous toluene (6.0 mL) was added dropwise to the
reaction mixture using a syringe pump (0.10 mL/min) over 90 min. After ketone addition, the reaction
mixture was stirred for an additional 1 h at 32 °C. The reaction mixture was allowed to 25 °C, and
carefully quenched with MeOH (5.0 mL), followed by addition of 1.0 N HCI (10.0 mL) and stirred for
15-20 min. The aqueous layer was extracted with Et,O (4 x 15 mL). The combined organic layers were
washed with 1.0 N HCI (2 x 10 mL), H2O, brine, dried over anhydrous Na,SO, filtered, and
concentrated. The crude oil was purified by an automated MPLC system using a 24 g normal phase
silica column with gradient elution of 0-5% EtOAc/hexanes. Concentration of solvents under nitrogen
afforded product as a colorless oil (2.12 g, 13.5 mmol, 82% vyield) in 96.0% ee as determined by
analytical HPLC. R¢ = 0.40 (10% EtOAc/hexanes); IR (neat) 3383 cm™; [a]4% =-53.3 (c 1.00, CHCls).
Characterization data were consistent with reported data.?* HPLC: Chiralcel OD-H, Daicel Chemical
Industries, Ltd.; 2-40% i-PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; (S) tr = 9.75
min, (R) tr = 10.83 min.

Ph
- N
HO/\/ 3

(R)-13

(R)-2-Azido-1-phenylethanol, (R)-13

Following a literature procedure'’, (R)-2-azido-1-phenylethanol (R)-13 was prepared as described. A
mixture of (R)-2-chloro-1-phenylethanol S11 (472 mg, 3.01 mmol), NaNs (683 mg, 10.5 mmol, 3.5
equiv), and Nal (899 mg, 6.00 mmol, 2.0 equiv) in anhydrous DMF (30.0 mL) was stirred for 24 h at
85 °C. The reaction mixture was partitioned between Et,O and H,O. The organic layer was washed with
brine, dried over anhydrous Na,SQs, filtered, and concentrated under a stream of nitrogen. The crude
oil was purified by an automated MPLC system using a 24 g normal phase silica column with gradient
elution of 0-10% EtOAc/hexanes. Concentration of solvents under nitrogen afforded product as a
colorless oil (406 mg, 2.49 mmol, 83% yield) in >99.5% ee as determined by analytical HPLC. R =
0.25 (10% EtOAc/hexanes); IR (neat) 3392, 2097 cm™; [a]%? = —87.4 (¢ 1.02, CHCl3); *H NMR (400
MHz, CDCls) § 7.43-7.29 (m, 5H), 4.89 (m, 1H), 3.48 (m, 2H), 2.31 (br s, 1H); *C NMR (101 MHz,
CDCls) 6 140.7, 128.9, 128.5, 126.1, 73.6, 58.3. HRMS (TOF, ESI) m/z: [M — N, + H]" calcd for
CsH1oNO 136.0757, found 136.0747. HPLC: Chiralcel OJ-H, Daicel Chemical Industries, Ltd.; 2% i-
PrOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; (R) tr = 24.41 min, (S) tg = 29.05 min.

N
Ho/j/ 3
Ph
(S)-14

(S)-2-Azido-3-phenylpropanol, (S)-14'®
(S)-2-Azido-3-phenylpropanol (S)-14 was prepared following a previously published procedure.
Characterization data were consistent with reported data.
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Ho >N

2

Ph
(R)-14

(R)-2-Azido-3-phenylpropanol, (R)-14%®
(R)-2-Azido-3-phenylpropanol (R)-14 was prepared following a previously published procedure.
Characterization data were consistent with reported data.

N
HO 8

Ph
(S)-15

(S)-2-Azido-2-phenylethanol, (S)-15

Following the literature procedure!®?, (S)-2-azido-2-phenylethanol (S)-15 was obtained as a yellow oil
(376 mg, 2.31 mmol, 58% yield) in 94.9% ee as determined by analytical HPLC. Purification was
carried out by an automated MPLC system using a 24 g normal phase silica column with gradient
elution of 0-10% EtOAc/hexanes. Rs = 0.22 (10% EtOAc/hexanes); IR (neat) 3356, 2094 cm™; [a]32 =
+199.4 (c 0.98, CHCIs); *H NMR (400 MHz, CDCls) 6 7.43-7.32 (m, 5H), 4.68 (dd, J = 7.1, 5.7 Hz,
1H), 3.80-3.72 (m, 2H); **C NMR (101 MHz, CDCls) 5 136.4, 129.1, 128.9, 127.3, 68.0, 66.7. HRMS
(TOF, ESI) m/z: [M — N2 + H]* calcd for CsH1oNO 136.0757, found 136.0749. HPLC: Chiralpak 1A,
Daicel Chemical Industries, Ltd.; 2-30% EtOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220
nm; (S) tr = 13.38 min, (R) tr = 15.38 min.

Ho N
Ph

(R)-15

(R)-2-Azido-2-phenylethanol, (R)-15°
(R)-2-Azido-2-phenylethanol (R)-15 was prepared following a previously published procedure.
Characterization data were consistent with reported data.

N
HO 8

Me

Me
(S)-16

(S)-2-Azido-4-methylpentanol, (S)-16'®
(S)-2-Azido-4-methylpentanol (S)-16 was prepared following a previously published procedure.
Characterization data were consistent with reported data.

Ho >N

Me
'
(R)-16

(R)-2-Azido-4-methylpentanol, (R)-16

Following the literature procedure!®?, (R)-2-azido-4-methylpentanol (R)-16 was obtained as a yellow
oil (363 mg, 2.56 mmol, 63% yield). Purification was carried out by an automated MPLC system using
a 24 g normal phase silica column with gradient elution of 0-15% EtOAc/hexanes. Rt = 0.42 (10%
EtOAc/hexanes); IR (neat) 3356, 2101 cm™; [a]%% = +5.0 (¢ 1.00, CHCI3); *H NMR (400 MHz, CDCls)
§ 3.73-3.67 (m, 1H), 3.57-3.50 (m, 2H), 1.83-1.73 (m, 1H), 1.49-1.42 (m, 1H), 1.32-1.25 (m, 1H),
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0.96 (dd, J = 6.6, 0.8 Hz, 6H); *C NMR (101 MHz, CDCls) § 65.8, 62.7, 39.6, 25.1, 23.1, 22.2. HRMS
(TOF, ESI) m/z: [M — N2 + H]* calcd for CgH1oNO 116.1070, found 116.1035.

General experimental procedures for azasteroid library production

General procedure A for the preparation of A1-A9, B1-B9, C1-C7, D1-D7, E1-E2, and F1-F2:
To a solution of steroidal ketone 1-3 (0.124-0.302 mmol, 1.0 equiv) and hydroxyalkyl azide 6-14
(0.242-0.593 mmol, 2.0 equiv) in anhydrous CH.Cl, (0.4 M) in a nitrogen-flushed, two-dram vial at 0
°C was added BF3*OEt; (5.0 equiv) dropwise. The vial was capped, and the reaction mixture was stirred
at room temperature for 16 h. The solvent was removed under nitrogen, and the residual iminium was
treated with an aqueous solution of 15% KOH (3.0 mL) and THF (0.5 mL). The biphasic mixture was
stirred vigorously at room temperature for 24 h. The reaction mixture was diluted with CH,Cl, (50 mL),
dried over Na>SO, filtered, and concentrated. Purification of analogs was carried out by an automated
MPLC system on normal phase silica gel flash columns.

General procedure B for the preparation of C8-C15, D8-D15, E3-E5, and F3-F5:

Step 1: Formation of iminium ether intermediate of 2 or 3: In either a flame-dried, nitrogen-flushed,
two-dram vial or 5 mL-microwave vial was added BF3;*OEt, (62.0-124 uL, 0.500-1.00 mmol, 5.0
equiv) dropwise to a solution of 5a-dihydrotestosterone 2 (29.0-60.0 mg, 0.100-0.207 mmol, 1.0
equiv) or 5B-dihydrotestosterone 3 (43.9-58.9 mg, 0.151-0.203 mmol, 1.0 equiv) and hydroxyalkyl
azides (R)-7 (44.5-72.7 mg, 0.250-0.410 mmol, 2.0 equiv), (S)-7 (36.8-73.5 mg, 0.299-0.415 mmol,
2.0 equiv), (S)-9 (44.3-74.0 mg, 0.250-0.418 mmol, 2.0 equiv), or (R)-9 (44.5-73.4 mg, 0.250-0.414
mmol, 2.0 equiv) in anhydrous CHCl, (0.4 M) at 0 °C. The vial was capped, and the reaction mixture
was stirred at room temperature for 16 h. The solvent was removed under nitrogen, and the residual
iminium was dried under vacuum before the addition of nucleophile.

Step 2: Addition of nucleophiles:

2.1. Synthesis of C8, C13, D8, E3, and F3 via nucleophilic addition of sulfide: Na,S (65.2-79.8 mg,
0.835-1.02 mmol, 4.1-5.0 equiv) was added to a solution of iminium ether in anhydrous DMF (5.0
mL). The reaction mixture was stirred at 65 °C for 24 h. The reaction mixture was diluted with CH2Cl,
(20 mL), and was washed with a saturated solution of NH4ClI (3 x 5 mL), brine (5 mL), dried over
Na,SQ,, filtered, and concentrated. Purification of analogs were carried out by an automated MPLC
system on normal phase silica columns.

2.2. Synthesis of C9 and D9 via nucleophilic addition of hydride: To a solution of iminium residue in
anhydrous MeOH (2.0 mL) at 0 °C was added NaBH. (30.0 mg, 0.799 mmol, 4.0 equiv) cautiously.
The reaction mixture was stirred at room temperature for overnight. The reaction mixture was
partitioned between saturated solution of NaHCO3 (5 mL) and CH:Cl» (20 mL). The organic layer was
separated, dried over Na;SQ,, filtered, and concentrated. Purification of analogs was carried out by an
automated MPLC system on normal phase silica gel flash columns.

2.3. Synthesis of C10 and D10 via nucleophilic addition of hydride: 10% Pd/C (10.6-21.0 mg, 0.100-
0.197 mmol, 1.0 equiv) was added to a solution of iminium ether in anhydrous EtOH (2.0-4.0 mL).
The reaction was stirred under an atmosphere of hydrogen for 24 h. Purification of analogs was carried
out by an automated MPLC system on normal phase silica gel flash columns.

2.4. Synthesis of C11, C14, D11, D14, E4, and F4 via nucleophilic addition of azide: NaNs (51.0-52.0
mg, 0.785-0.802 mmol, 4.0 equiv) was added to a solution of iminium ether in anhydrous DMF (2.0
mL). The reaction mixture was stirred at 70 “C for 24 h. The reaction mixture was partitioned between
EtOAc (40 mL) and H2O (20 mL). The organic layer was washed with H,O (2 x 5 mL), brine (5 mL),
dried over Na,SOq, filtered, and concentrated. Purification of analogs were carried out by an automated
MPLC system on normal phase silica gel columns.

2.5. Synthesis of C12, C15, D12, D15, E5, and F5 via nucleophilic addition of 4-methylbenzenethiolate:
Sodium 4-methylbenzenethiolate (0.66 M in DMF, 0.60-1.00 mL, 0.375-0.660 mmol, 3.0-4.0 equiv)
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was added to a solution of iminium ether in anhydrous DMF (2.0 mL). The reaction mixture was stirred
at 75 °C for 24 h. The reaction mixture was partitioned between EtOAc (40 mL) and H.O (15 mL). The
organic layer was washed with a saturated solution of NaHCOs (3 x 5 mL), brine (5 mL), dried over
Na,SOQ,, filtered, and concentrated to afford crude residue. Purification of analogs were carried out by
an automated MPLC system on normal phase silica gel columns.

General procedure C for the PCC oxidation of All, B11, C16, and D16: To a slurry solution of A3,
B3, C2, or D2 (53.0-93.0 mg, 0.099-0.212 mmol) in anhydrous CH,Cl (6.0-10.0 mL) and Celite at 0
°C was added PCC (43.0-190.0 mg, 0.200-0.880 mmol, 2.0-4.0 equiv). The brown reaction mixture
was allowed to room temperature over 30 min and stirred overnight. The reaction mixture was diluted
with CHCl,, filtered over Celite and concentrated. Purification of analogs was carried out by an
automated MPLC system on normal phase silica gel flash columns.

General procedure D for the optimization of G1: To a solution of trans-androsterone 4 (0.150 mmol,
1.0 equiv) and 3-azidopropanol 6 (0.300-0.450 mmol, 2.0-3.0 equiv) in solvent (0.38 mL, 0.4 M) in a
nitrogen-flushed, two-dram vial at room temperature (unless otherwise noted) was added acid catalyst
(0.0825-1.05 mmol, 0.55-7.0 equiv) dropwise. The vial was capped, and the reaction mixture was
stirred at room temperature for 24 h. The solvent was removed under nitrogen, and an aqueous solution
of 15% KOH (3.0 mL) was added to the iminium residue. The reaction mixture was vigorously stirred
at room temperature for 24 h. The reaction mixture was diluted with CH,Cl, (50 mL), dried over
anhydrous Na,SO, filtered, and concentrated. Purification was carried out by an automated MPLC
system using a 4 g normal phase silica gel flash column with gradient elution from 0-5%
MeOH/CH.Cl..

General procedure E for the preparation of G1-G8 and H1-H®6: To a solution of trans-androsterone
4 (0.125-0.153 mmol, 1.0 equiv) and azido alcohol 6, 8, 10, 12, or 14-16 (0.250-0.302 mmol, 2.0
equiv) in HFIP (0.38 mL, 0.4 M) at room temperature or in anhydrous CH2Cl, (0.50 mL, 0.3 M) at 0
°C in a nitrogen-flushed, two-dram vial was added TfOH (14.5-26.5 pL, 0.165-0.300 mmol, 1.1-2.0
equiv) or BF3*OEt; (130 pL, 1.05 mmol, 7.0 equiv) dropwise. The vial was capped, and the reaction
mixture was stirred at room temperature for 24 h. The solvent was removed under nitrogen, and the
residual iminium was treated with an aqueous solution of 15% KOH (3.0 mL) and THF (0.5 mL). The
biphasic mixture was stirred vigorously at room temperature for 24 h. The reaction mixture was diluted
with CH.Cl (50 mL), dried over Na,SOg, filtered, and concentrated. Purification of analogs was carried
out by an automated MPLC system on normal phase silica gel flash columns.

General procedure F for the preparation of 11-19 and J1-J6: To a solution of estrone 5 (0.149—
0.200 mmol, 1.0 equiv) and hydroxyalkyl azide 6, 8, 10, 12, or 14-16 (0.294-0.400 mmol, 2.0 equiv)
in HFIP (0.38 mL, 0.4 M) at room temperature or in anhydrous CH,Cl, (0.50 mL, 0.3 M) at 0 °C in a
nitrogen-flushed, two-dram vial was added TfOH (14.5-26.5 uL, 0.165-0.300 mmol, 1.1-2.0 equiv) or
BF3*OEt; (130 pL, 1.05 mmol, 7.0 equiv) dropwise. The vial was capped, and the reaction mixture was
stirred at room temperature for 24 h. The solvent was removed under nitrogen, and the residual iminium
was treated with an aqueous solution of 15% KOH (3.0 mL) and THF (0.5 mL). The biphasic mixture
was stirred vigorously at room temperature for 24 h. The reaction mixture was diluted with a saturated
solution of NH4CI, and extracted into CH,Cl; (3 x 15 mL). The combined organic layers were washed
with brine, dried over Na,SQq, filtered, and concentrated. Purification of analogs was carried out by an
automated MPLC system on normal phase silica gel flash columns.

General procedure G for the preparation of G9-G17 and 110-116:

Step 1: Formation of iminium ether intermediate of 4 or 5: To a solution of trans-androsterone 4 (43.6—
145.0 mg, 0.150-0.500 mmol, 1.0 equiv) or estrone 5 (40.6-81.0 mg, 0.150-0.300 mmol, 1.0 equiv)
and 3-azidopropanol 6 (30.1-101 mg, 0.300-1.00 mmol, 2.0 equiv) in HFIP (0.4 M) in either a flame-
dried, nitrogen-flushed two-dram vial, 20 mL-scintillation vial, or 5 mL-microwave vial was added
TfOH (14.5-48.5 pL, 0.165-0.550 mmol, 1.1 equiv) dropwise. The vial was capped, and the reaction
mixture was stirred at room temperature for 24 h. The solvent was removed under nitrogen, and the
residual iminium was dried under vacuum before the addition of nucleophile.
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Step 2: Addition of nucleophiles:

2.1. Synthesis of G9 and 110 via nucleophilic addition of sulfide: Na,S (195-234 mg, 2.50-3.00 mmol,
10.0 equiv) was added to a solution of iminium ether in anhydrous THF (5.0 mL). The reaction mixture
was stirred at 65 °C for 24 h. The reaction mixture was diluted with Et,O (20 mL), and was washed
with a saturated solution of NH4CI (3 x 5 mL), brine (5 mL), dried over Na,SO,, filtered, and
concentrated. Purification of analogs were carried out by an automated MPLC system on normal phase
silica columns.

2.2. Synthesis of G10-G11 and 111112 via nucleophilic addition of hydride: To a solution of iminium
residue in anhydrous MeOH (2.0 mL) at 0 °C was added NaBH4 (151 mg, 0.400 mmol, 2.0 equiv) or
NaBD, (167 mg, 0.400 mmol, 2.0 equiv) cautiously. The reaction mixture was stirred at room
temperature for 3 h. The reaction mixture was partitioned between saturated solution of NaHCO; (5
mL) and CH:Cl, (20 mL). The organic layer was separated, dried over Na»SO., filtered, and
concentrated. Purification of analogs was carried out by an automated MPLC system on normal phase
silica gel flash columns.

2.3. Synthesis of G12 and 113 via nucleophilic addition of azide: NaNs (39.0-130 mg, 0.600-2.00
mmol, 4.0 equiv) was added to a solution of iminium ether in anhydrous DMF (2.0-5.0 mL). The
reaction mixture was stirred at 70 °C for 24 h. The reaction mixture was partitioned between Et,O (40
mL) and H>O (20 mL). The organic layer was washed with H,O (2 x 5 mL), brine (5 mL), dried over
Na,SQ,, filtered, and concentrated. Purification of analogs was carried out by an automated MPLC
system on normal phase silica gel flash columns.

2.4. Synthesis of G13-G17 and 114116 via nucleophilic addition of para-substituted benzenethiolates:
Sodium thiobenzolate (0.56-0.70 M in DMF, 0.54-0.67 mL, 2.5 equiv) was added to a solution of
iminium ether in anhydrous DMF (2.0 mL). The reaction mixture was stirred at 75 °C for 24 h. The
reaction mixture was partitioned between EtOAc (40 mL) and H>O (15 mL). The organic layer was
washed with a saturated solution of NaHCOs (3 x 5 mL), brine (5 mL), dried over Na,;SQy, filtered, and
concentrated. Purification of analogs was carried out by an automated MPLC system on normal phase
silica gel flash columns.

General procedure H for the preparation of G18-G20 and 117:

A mixture of steroidal azides G12 or 113 (0.180-0.200 mmol, 1.0 equiv), substituted-acetylene (0.207—
0.400 mmol, 1.0-2.0 equiv), copper sulfate pentahydrate (0.200-0.400 mmol, 1.0-2.0 equiv), and
sodium L-ascorbate (0.400-0.800 mmol, 2.0-4.0 equiv) were dissolved in t-BuOH/H.0 (1:1, 4.0 mL)
at room temperature and stirred overnight. The reaction mixture was diluted with CHCl (25 mL), and
the organic layer was washed with aqueous NH4OH (3 x 5 mL), brine (5 mL), dried over Na;SOu,
filtered, and concentrated. Purification of analogs was carried out by an automated MPLC system on
normal phase silica gel flash columns.

Characterization and regiochemistry discussion for A-ring library members

5a-Cholestane-derived A-Ring Lactams, Al and B1
Following the general procedure A, 3-azidopropanol 6 (30.5 mg, 0.301 mmol, 2.0 equiv) was reacted
with Sa-cholestan-3-one 1 (58.0 mg, 0.150 mmol) to give an inseparable mixture (38:62) of

37



regioisomers Al and B1 as a white amorphous solid (63.4 mg, 0.138 mmol, 92% yield). Purification
was carried out by an automated MPLC system using a 4 g normal phase silica column with gradient
elution from 0-5% MeOH/CH,Cl.. Rs = 0.43 (5% MeOH/CH-Cl,); IR (neat) 3318, 1625 cm™; key 'H
NMR (600 MHz, CDCls) 6 3.67-3.61 (m, 2H), 2.96 (ddd, J = 15.7, 6.5, 1.8 Hz, 1H), 2.79 (dd, J = 14.3,
10.6 Hz, 1H), 2.65 (t, J = 13.1 Hz, 1H), 2.34 (dd, J = 14.5, 7.6 Hz, 1H), 2.00-1.93 (m, 2H), 1.91-1.77
(m, 3H); 3C NMR (151 MHz, CDCls) § 177.3, 177.2, 58.10, 58.06, 56.5, 56.3, 54.2, 54.0, 52.0, 48.9,
45.4, 448, 44,5, 44.0, 42.44, 42.40, 41.0, 40.04, 40.01, 39.98, 39.6, 38.5, 38.3, 36.3, 35.9, 35.1, 34.9,
32.12, 32.06, 31.9, 31.0, 30.32, 30.28, 28.5, 28.4, 28.1, 24.3, 24.0, 22.9, 22.7, 21.4, 21.1, 18.77, 18.75,
12.21, 12.15. Note: Missing carbon signals due to signal overlap of regioisomers. COSY and HSQC
are included in the spectra section. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for C3oHs4NO, 460.4149,
found 460.4149.

Sa-Cholestane-derived A-Ring Lactams, A2 and B2

Following the general procedure A, (+)-3-azido-1-phenylpropanol (x)-7 (44.3 mg, 0.250 mmol, 2.0
equiv) was reacted with 5a-cholestan-3-one 1 (48.3 mg, 0.125 mmol) to give a 50:50 mixture of
regioisomers A2 and B2 as a white amorphous solid (61.4 mg, 0.115 mmol, 92% yield). Purification
was carried out by an automated MPLC system using a 12 g normal phase column 0-5%
MeOH/CH:Cl,. The mixture was intentionally not separated by column chromatography. Rs = 0.40 (5%
MeOH/CH_CL,); IR (neat) 3376, 1617 cm™; key 'H NMR (400 MHz, CDCls) § 4.67-4.62 (m, 2H),
4.15-4.03 (m, 2H), 3.73-3.63 (m, 2H), 3.15-3.07 (m, 2H), 3.01 (m, 1H), 2.71 (dd, J = 14.2, 10.4 Hz,
1H), 2.61-2.52 (m, 2H, contains d, 2.54, J = 15.6 Hz, 1H), 2.40-2.35 (m, 1H); *C NMR (101 MHz,
CDCls) 6 177.21, 177.1, 144.3, 144.26, 128.47, 128.43, 127.2, 127.1, 125.7, 127.6, 70.0, 56.5, 56.4,
56.32, 56.30, 54.5, 54.3, 52.5, 49.6, 45.9, 45.7, 44.2, 42.5, 42.4, 41.2, 40.11, 40.05, 39.9, 39.65, 36.63,
38.5, 38.4, 38.1, 37.9, 36.3, 36.1, 35.9, 35.1, 34.9, 32.21, 32.17, 32.0, 31.0, 28.5, 28.3, 28.1, 24.29,
24.25,23.9,22.9,22.7,21.4,21.1, 18.79, 18.76, 12.2, 12.1. Note: Missing carbon signals due to signal
overlap of regioisomers. HRMS (FT-ICR, ESI) m/z: [M + H]" calcd for C3sHssNO, 536.4462, found
536.4467.

5a-Cholestane-derived A-Ring Lactam, A2

Following the general procedure A, (R)-3-azido-1-phenylpropanol (R)-7 (44.5 mg, 0.251 mmol, 2.0
equiv) was reacted with 5a-cholestan-3-one 1 (48.4 mg, 0.125 mmol) to give A2 as a white amorphous
solid (59.5 mg, 0.111 mmol, 89% yield). Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column 0-40% EtOAc/hexanes. R = 0.54 (50% EtOAc/hexanes); mp
178-182 °C; IR (neat) 3373, 1613 cm™; 'H NMR (400 MHz, CDCls) § 7.39-7.33 (m, 4H), 7.31-7.25
(m, 1H), 4.65 (dd, J = 9.8, 3.2 Hz, 1H), 4.07 (ddd, J = 14.6, 10.6, 4.2 Hz, 1H), 3.66 (dd, J = 15.7, 11.8
Hz, 1H), 3.12 (dt, J = 14.2, 4.6 Hz, 1H), 3.01 (dd, J = 15.6, 6.2 Hz, 1H), 2.71 (dd, J = 14.1, 10.4 Hz,
1H), 2.00-1.77 (complex, 4H, contains d, J = 14.2 Hz, 1H), 1.69-1.65 (m, 1H), 1.59-0.93 (complex,
24H), 0.94-0.85 (complex, 12H, contains s, 0.91, 3H; s, 0.89, 3H; d, 0.87, J = 1.8 Hz, 3H; d, 0.85, J =
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1.9 Hz, 3H), 0.75-0.65 (m, 4H, contains s, 3H); *C NMR (101 MHz, CDCls) § 177.2, 144.3, 128.4
(2C), 127.2,125.7 (2C), 70.1, 56.5, 56.3, 54.5, 45.9 45.7, 44.2, 42.4, 41.8, 40.1, 40.07, 39.6, 38.5, 37.9,
36.3, 35.9, 34.9, 32.0, 31.0, 28.3, 28.1, 24.3, 24.0, 22.9, 22.7, 21.4, 18.9, 12.2, 12.1. Note: APT and
HSQC are included in the spectra section. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for C3sHssNO;
536.4462, found 536.4463.

Sa-Cholestane-derived A-Ring Lactam, A3

Following the general procedure A, (R)-3-azido-2-methylpropanol (R)-8 (34.4 mg, 0.300 mmol, 2.0
equiv) was reacted with 5a-cholestan-3-one 1 (58.1 mg, 0.150 mmol) to give A3 as a white amorphous
solid (50.2 mg, 0.106 mmol, 71%). Purification was carried out by an automated MPLC system using
a 12 g normal phase silica with gradient elution from 0-5% MeOH/CH.Cl,. Ry = 0.27 (2%
MeOH/CH.CI; run twice); mp 160-162 °C; IR (neat) 3347, 1616 cm™*; *H NMR (400 MHz, CDCls) &
3.67 (dd, J =13.9, 10.2 Hz, 1H), 3.57 (dd, J = 15.5, 11.7 Hz, 1H), 3.43 (dd, J = 11.8, 3.1 Hz, 1H), 3.30
(dd, J =11.9, 3.6 Hz, 1H), 2.95 (m, 1H), 2.85-2.76 (m, 2H), 1.99-1.92 (m, 2H, contains d, 1.94, J =
14.4 Hz, 1H), 1.85-1.61 (complex, 4H), 1.58-0.92 (complex, 25H, contains d, 0.96, J = 6.9 Hz, 3H),
0.90-0.84 (complex, 12H, contains t, 0.88, J = 3.3 Hz, 6H; d, 0.85, J = 2.0 Hz, 3H; d, 0.84, J = 1.9 Hz,
3H), 0.70 (m, 1H), 0.63 (s, 3H); **C NMR (101 MHz, CDCls) 6 177.2, 63.2, 56.5, 56.4, 54.3, 50.5, 45.5,
43.8,42.4,40.4, 40.08, 40.05, 39.6, 38.5, 36.2, 35.9, 34.9, 34.2,32.1, 31.0, 28.3, 28.1, 24.2, 23.9, 22.9,
22.7,21.4,18.8,15.3,12.2,12.1. HRMS (FT-ICR, ESI) m/z: [M + H]" calcd for Cs1HssNO, 474.4306,
found 474.4306.

Sa-Cholestane-derived A-Ring Lactam, A4

Following the general procedure A, (S)-3-azido-3-phenylpropanol (S)-9 (44.2 mg, 0.249 mmol, 2.0
equiv) was reacted with 5Sa-cholestan-3-one 1 (48.4 mg, 0.125 mmol) to give A4 as a cream-colored
amorphous solid (59.1 mg, 0.110 mmol, 88% vyield). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-50%
EtOAc/hexanes. Ry = 0.39 (50% EtOAc/hexanes); mp 149-152 °C; IR (neat) 3416, 1618 cm™; *H NMR
(400 MHz, CDCls) & 7.36-7.24 (m, 5H), 5.88 (dd, J = 12.4, 3.3 Hz, 1H), 3.70 (m, 1H), 3.40 (m, 1H),
3.18 (dd, J = 15.3, 11.6 Hz, 1H), 2.82 (m, 2H), 2.13-2.02 (m, 2H, contains d, 2.06, J = 14.9 Hz, 1H),
1.95-1.74 (m, 3H), 1.66-1.43 (m, 5H), 1.37-0.87 (complex, 18H), 0.84 (dd, J = 6.5, 2.2 Hz, 9H), 0.77
(s, 3H), 0.57 (s, 3H), 0.47 (m, 1H), 0.38 (m, 1H); **C NMR (101 MHz, CDCls) § 177.5, 139.1, 128.63
(2C), 128.55 (2C), 127.9, 58.5, 56.38, 56.32, 54.2, 52.5, 43.6, 42.3, 40.6, 40.4, 40.0, 39.6, 39.2, 38.1,
36.2, 35.8, 34.8, 32.0, 31.0. 28.3, 28.1, 24.2, 23.9, 22.9, 22.6, 21.1, 18.7, 12.0 (2C). Note: APT and
HSQC are included in the spectra section. HRMS (FT-ICR, ESI) m/z: [M + H]" calcd for CzsHssNO;
536.4462, found 536.4466.
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S5a-Cholestane-derived A-Ring Lactam, A5

Following the general procedure A, (R)-3-azidobutanol (R)-10 (29.5 mg, 0.256 mmol, 2.0 equiv) was
reacted with 5a-cholestan-3-one 1 (48.9 mg, 0.126 mmol) to give A5 as a white amorphous solid (54.7
mg, 0.115 mmol, 92% yield). Purification was carried out by an automated MPLC system using a 12 g
normal phase silica with gradient elution from 0-5% MeOH/CH:Cl,. Rt = 0.43 (5% MeOH/CH:Cly);
mp 142-146 °C; IR (neat) 3403, 1620 cm™; *H NMR (400 MHz, CDCl3) § 4.76 (m, 1H), 3.52 (ddd, J
=12.0, 5.0, 2.5 Hz, 1H), 3.30-3.20 (m, 2H), 2.98 (m, 1H), 2.82 (dd, J = 15.0, 10.8 Hz, 1H), 2.04 (d, J
=15.0 Hz, 1H), 1.97 (m, 1H), 1.87-1.77 (m, 2H), 1.73-1.64 (m, 2H), 1.59-0.85 (complex, 38H), 0.74—
0.67 (m, 1H), 0.65 (s, 3H); 3C NMR (101 MHz, CDCls) & 177.7, 58.6, 56.5, 56.4, 54.4, 45.6, 43.8,
424, 42.0, 40.3, 40.1, 39.6, 38.5, 38.1, 36.6, 36.3, 35.9, 34.9, 32.1, 31.0, 28.4, 28.2, 24.3, 24.0, 23.0,
22.7,21.4,18.9,18.8,12.3, 12.2. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for C31HssNO, 474.4306,
found 474.43009.

5a-Cholestane-derived A-Ring Lactams, A6 and B6

Following the general procedure A, 2-azidoethanol 12 (26.6 mg, 0.306 mmol, 2.0 equiv) was reacted
with 5a-cholestan-3-one 1 (58.4 mg, 0.151 mmol) to give a 37:63 mixture of regioisomer A6 and B6
as a white amorphous solid (63.8 mg, 0.143 mmol, 95% yield). Purification was carried out by an
automated MPLC system using a 4 g normal phase column with gradient elution from 0-5%
MeOH/CH_Cl.. Rt = 0.30 (5% MeOH/CHCl); IR (neat) 3391, 1623 cm; key 'H NMR (400 MHz,
CDCls) 6 3.04 (ddd, J = 15.6, 6.4, 1.7 Hz, 1H), 2.79 (dd, J = 14.3, 10.8 Hz, 1H), 2.65 (t, J = 13.2 Hz,
1H), 2.58 (d, J = 15.5 Hz, 1H), 2.34 (ddd, J = 14.6, 7.7, 1.3 Hz, 1H); 3C NMR (101 MHz, CDCls) &
177.34,177.26, 61.9, 56.5, 56.3, 54.1, 53.9, 53.1, 52.0, 51.8, 48.7, 46.6, 43.7, 42.40, 42.37, 41.0, 40.2,
40.02, 40.00, 39.6, 38.4, 38.2, 36.2, 35.9, 35.8, 35.1, 34.8, 32.3, 32.1, 31.9, 31.0, 28.4, 28.3, 28.1, 24.2,
23.9,22.9,22.6,21.3,21.1,18.7,12.2,12.12, 12.09. Note: Missing carbon signals due to signal overlap
of regioisomers. COSY and HSQC are included in the spectra section. HRMS (FT-ICR, ESI) m/z: [M
+ Na]* calcd for Cx9Hs1NNaO; 468.3812, found 468.3824.

5a-Cholestane-derived A-Ring Lactams, A7 and B7

Following the general procedure A, (S)-2-azido-1-phenylethanol (S)-13 (41.0 mg, 0.251 mmol, 2.0
equiv) was reacted with 5a-cholestan-3-one 1 (48.3 mg, 0.125 mmol) to give a 46:54 mixture of
regioisomer A7 and B7 as a white amorphous solid (60.4 mg, 0.116 mmol, 93% yield). Purification
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was carried out by an automated MPLC system using a 12 g normal phase column with gradient elution
from 0-5% MeOH/CH:Cl,. R; = 0.47 (4% MeOH/CHCl.); IR (neat) 3303, 1615 cm*; key 'H NMR
(400 MHz, CDCls) & 7.40-7.32 (m, 8H), 7.30-7.26 (m, 2H), 5.10 (d, J = 4.8 Hz, 1H), 4.99-4.93 (m,
2H), 4.55 (d, J = 4.3 Hz, 1H), 3.78-3.71 (m, 2H), 3.68-3.55 (m, 3H), 3.45 (dd, J = 15.8, 11.8 Hz, 1H),
2.80-2.68 (m, 2H), 2.61 (t, J = 13.8 Hz, 1H), 2.38-2.34 (m, 1H), 2.31 (d, J = 14.9 Hz, 1H), 1.98-1.94
(m, 3H); 3C NMR (101 MHz, CDCls) & 178.8, 178.5, 142.7, 142.6, 128.6 (2C), 128.5 (2C), 127.62,
127.60, 126.0 (2C), 125.9 (2C), 74.5, 74.2, 59.8, 58.4, 56.6, 56.5, 56.4, 54.8, 54.1, 53.8, 47.9, 47.6,
43.6, 42.5, 42.4, 40.9, 40.10, 40.07, 40.03, 39.7, 38.4, 38.0, 36.3, 35.91, 35.90, 35.6, 35.0, 34.9, 32.2,
32.1,31.6, 31.0, 28.34, 28.31, 28.1, 24.3, 23.96, 23.95, 23.0, 22.7, 21.3, 21.1, 18.8, 12.15, 12.13. Note:
Missing one carbon signal due to signal overlap. HRMS (FT-ICR, ESI) m/z: [M + H]" calcd for
CasHs6sNO2 522.4306, found 522.4306.

5a-Cholestane-derived A-Ring Lactams, A8 and B8

Following the general procedure A, (R)-2-azido-1-phenylethanol (R)-13 (41.0 mg, 0.251 mmol, 2.0
equiv) was reacted with 5a-cholestan-3-one 1 (49.0 mg, 0.127 mmol) to give a 33:67 mixture of
regioisomer A8 and B8 as a white amorphous solid (58.1 mg, 0.111 mmol, 88% yield). Purification
was carried out by an automated MPLC system using a 12 g normal phase column with gradient elution
from 0-5% MeOH/CH,CI,. The mixture of isomers was separated by using a 12 g normal phase column
with 0-50% EtOAc/hexanes to give B8 as a white amorphous solid (32.2 mg, 0.0617 mmol, 49% yield)
as the major regioisomer and A8 as a white amorphous solid (17.0 mg, 0.0326 mmol, 26% yield) as the
minor regioisomer. B8: Ry = 0.25 (50% EtOAc/hexanes); mp 210-213 °C; IR (neat) 3346, 1611 cm™,;
'H NMR (400 MHz, CDCls) § 7.39-7.33 (m, 4H), 7.31-7.25 (m, 1H), 4.93 (m, 1H), 4.32 (d, J = 4.3
Hz, 1H), 3.64 (m, 2H), 3.54 (m, 1H), 2.62 (t, J = 13.4 Hz, 1H), 2.39-2.29 (m, 2H, contains d, 2.31, J =
15.7 Hz, 1H), 1.96 (m, 1H), 1.89-1.77 (m, 2H), 1.69-1.62 (m, 2H), 1.58-1.46 (m, 3H), 1.38-0.91
(complex, 17H), 0.90-0.83 (complex, 12H, contains d, 0.89, J = 6.5 Hz, 3H; d, 0.87, J = 1.9 Hz, 3H; d,
0.85, J = 1.9 Hz, 3H; s, 0.83, 3H), 0.71-0.65 (m, 1H), 0.63 (s, 3H); *C NMR (101 MHz, CDCls) &
178.3, 142.5, 128.6 (2C), 127.3, 126.0 (2C), 74.3, 58.8, 56.5, 56.4, 54.5, 53.9, 48.6, 42.5, 40.0, 39.7,
38.2, 36.3, 35.9, 35.7, 35.1, 32.2, 31.8, 28.6, 28.3, 28.2, 24.3, 24.0, 23.0, 22.7, 21.1, 18.8, 12.2. Note:
Missing one carbon signal due to signal overlap. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for
CasHssNO; 522.4306, found 522.4310. A8: Ry = 0.36 (50% EtOAc/hexanes); mp 162-165 °C; IR (neat)
3358, 1621 cm; *H NMR (400 MHz, CDCls) § 7.40-7.33 (m, 4H), 7.28-7.24 (m, 1H), 4.92 (m, 1H),
4.83 (m, 1H), 3.73-3.62 (m, 2H), 3.55 (dd, J = 14.3, 2.6 Hz, 1H), 2.85 (m, 1H), 2.76 (m, 1H), 1.97—
1.92 (m, 2H, contains d, 1.94, J = 14.6 Hz, 1H), 1.86-1.77 (m, 1H), 1.65 (m, 1H), 1.56-0.93 (complex,
21H), 0.89-0.82 (complex, 12H, contains d, 0.89, J = 6.4 Hz, 3H; d, 0.87, J =2.0 Hz, 3H; d, 0.85, J =
2.0 Hz, 3H; 0.82, s, 3H) 0.72-0.66 (m, 1H), 0.62 (s, 3H), 0.61-0.54 (m, 1H); **C NMR (101 MHz,
CDCls) 6 178.6, 142.7, 128.6 (2C), 127.6, 126.0 (2C), 74.2, 59.2, 56.6, 56.4, 54.1, 48.0, 43.4, 42.4,
40.1, 39.9, 39.7, 38.3, 36.3, 35.9, 34.8, 32.1, 31.0, 29.8, 28.4, 28.1, 24.3, 24.0, 22.9, 22.7, 21.3 18.8,
12.19, 12.12. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for C3sHssNO, 522.4306, found 522.4308.
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Sa-Cholestane-derived A-Ring Lactam, A9

Following the general procedure A, (R)-2-azido-3-phenylpropanol (R)-14 (53.5 mg, 0.302 mmol, 2.0
equiv) was reacted with 5a-cholestan-3-one 1 (57.9 mg, 0.150 mmol) to give A9 as a white amorphous
solid (52.4 mg, 0.0978 mmol, 65% yield) as the major regioisomers; an uncharacterized, impure minor
product was also obtained in this case (17.8 mg, 0.033 mmol, 22% yield). Purification was carried out
by an automated MPLC system using a 12 g normal phase column with gradient elution from 0-100%
EtOAc/Ether. The major isomer was subjected to a second purification using a 4 g normal phase column
with gradient elution from 0-5% MeOH/CH,Cl,. R: = 0.29 (25% EtOAc/Ether); mp 191-194 °C; IR
(neat) 3415, 1620 cm™; *H NMR (400 MHz, CDCls) § 7.31-7.26 (m, 2H), 7.23-7.18 (m, 3H), 4.38 (br
s, 1H), 3.71 (m, 2H), 3.31 (dd, J = 15.7, 11.7 Hz, 1H), 2.99-2.73 (m, 3H), 2.75 (m, 1H), 1.95-1.89 (m,
2H, contains d, 1.91, J = 14.3 Hz, 1H), 1.80 (m, 1H), 1.65-1.46 (m, 4H), 1.42-0.93 (complex, 19H),
0.89-0.83 (complex, 11H, contains d, 0.88, J = 6.4 Hz, 3H; 0.86, d, J = 2.0 Hz, 3H; 0.85, d, J = 2.0 Hz,
3H), 0.79 (s, 3H), 0.61 (s, 3H), 0.50 (m, 1H); **C NMR (126 MHz, CDCl3) § 177.7, 138.5, 129.1 (2C),
128.6 (2C), 126.5, 64.0, 56.4, 56.3, 54.2, 43.6, 42.4, 41.2, 40.9, 40.0, 39.6, 38.2, 36.2, 35.9, 35.0, 34.8,
32.1,31.0, 28.3, 28.1, 24.2, 23.9, 22.9, 22.7, 21.3, 18.7, 12.2, 12.1. Note: Missing two carbon signals
due to signal overlap. X-ray crystal structure of this analog is provided in the CCDC (CCDC 1583534).
HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for CssHssNO, 536.4462, found 536.4471.

5a-Cholestane-derived A-Ring Lactam, A10

A solution of A2 (53.6 mg, 0.100 mmol), 10% Pd/C (42.6 mg, 0.400 mmol, 4.0 equiv), and acetic acid
(2.0 mL) in anhydrous EtOH (15.0 mL) was placed under hydrogen atmosphere (40 psi) via a shaker-
Parr hydrogenation apparatus over 24 h. The solution was filtered over Celite and concentrated. The
crude residue was purified by an automated MPLC system using a 12 g normal phase silica column
with gradient elution from 0-60% EtOAc/hexanes. Concentration of solvents afforded product A10 as
white amorphous solid (48.6 mg, 0.0935 mmol, 94% vyield). Rs = 0.68 (50% EtOAc/hexanes); mp 146—
147 °C; IR (neat) 1624 cm™; 'H NMR (400 MHz, CDCl3) § 7.31-7.27 (m. 2H), 7.20-7.16 (m, 3H), 3.58
(dd, J=11.7, 15.6 Hz, 1H), 3.46-3.33 (m, 2H), 2.95 (dd, J = 15.4, 6.2 Hz, 1H), 2.74 (dd, J = 14.2, 10.3
Hz, 1H), 2.62 (m, 2H), 1.98-1.91 (m, 2H, contains d, J = 14.3 Hz, 1H), 1.87-1.75 (m, 3H), 1.67-1.63
(m, 2H), 1.59-0.92 (complex, 22H), 0.89-0.84 (complex, 12H), 0.71-0.64 (m, 4H, contains s, 0.64,
3H); C NMR (101 MHz, CDCls) & 175.5, 142.0 128.52 (2C), 128.46 (2C), 126.0, 56.5. 56.4, 54.3,
47.9, 45.0, 43.8, 42.5, 41.5, 40.5, 40.1, 39.7, 38.4, 36.3, 35.9, 34.9, 33.5, 32.1, 31.1, 30.1, 28.4, 28.1,
24.3,23.9,22.9,22.7,21.4,18.8,12.18, 12.16. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for C3sHs;NO
520.4513, found 520.4523.
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Sa-Cholestane-derived A-Ring Lactam, All

Following the general procedure C, A2 (530 mg, 0.099 mmol) was oxidized to give product All as a
white amorphous solid (41.2 mg, 0.077 mmol, 78% yield). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-25%
EtOAc/hexanes. Ry = 0.63 (50% EtOAc/hexanes); mp 209-214 °C; IR (neat) 1683, 1642 cm™; *H NMR
(400 MHz, CDCls) & 7.98 (m, 2H), 7.56 (m, 1H), 7.47 (m, 2H), 3.79 (dt, J = 13.4, 6.7 Hz, 1H), 3.72—
3.61 (m, 2H), 3.26 (m, 2H), 3.19 (m, 1H), 2.74 (dd, J = 14.2, 10.2 Hz, 1H), 1.98-1.93 (m, 1H), 1.90 (d,
J=14.3 Hz, 1H), 1.85-1.76 (m, 2H), 1.66-0.91 (complex, 23H), 0.83-0.90 (complex, 12H), 0.68-0.61
(m, 4H, contains s, 0.64, 3H); *C NMR (101 MHz, CDCls) 4 199.4, 175.9, 136.9, 133.4, 128.8 (2C),
128.4 (2C), 56.5, 56.4, 54.3, 46.7, 45.4, 43.7, 42.5, 41.4, 40.5, 40.1, 39.7, 38.4, 37.8, 36.3, 35.9, 34.9,
32.1,31.1, 28.4, 28.1, 24.3, 24.0, 23.9, 22.9, 22.7, 21.4, 18.8, 12.2. HRMS (FT-ICR, ESI) m/z: [M +
H]* calcd for CssHssNO2 534.4306, found 534.4313.

NaH,
THF, reflux

5a-Cholestane-derived A-Ring Lactam, A12

A solution of A11 (54.3 mg, 0.102 mmol) and sodium hydride (60% dispersion in mineral oil, 20.0 mg,
0.814 mmol, 4.8 equiv) in anhydrous THF (8.0 mL) was heated at 65 °C for 2 h. The reaction was
cooled to room temperature and quenched with a saturated solution of NH4Cl (5 mL). The reaction
mixture was diluted with CH,ClI, (20 mL) and washed with saturated solution of NH4CI (2 x 5 mL),
H>O (5 mL) and brine (5 mL). The combined organic layer was dried over anhydrous Na.SO; filtered,
and concentrated. The crude residue was purified by an automated MPLC system using a 12 g normal
phase silica column with gradient elution from 0-5% MeOH/CH,Cl,. Concentration of solvents
afforded product A12 as white amorphous solid (29.2 mg, 0.073 mmol, 72% vyield). Rs = 0.23 (2%
MeOH/CH,Cl,); mp 287-290 °C (decomposed); IR (neat) 3315, 3193, 1676, 1628 cm™; *H NMR (400
MHz, CDCls) § 5.77 (br s, 1H), 3.39 (m, 1H), 2.98 (m, 1H), 2.75 (dd, J = 14.3, 11.0 Hz, 1H), 1.97 (dt,
J=12.6,3.4 Hz, 1H), 1.88-1.77 (m, 3H), 1.66 (m, 1H), 1.57-0.94 (complex, 20H), 0.93-0.85 (complex,
14H), 0.74 (m, 1H), 0.65 (s, 3H); 3C NMR (101 MHz, CDCls) & 178.6, 56.5, 56.3, 54.2, 43.4, 42.4,
42.2,40.1, 39.74, 39.65, 39.0, 38.1, 36.3, 35.9, 34.8, 32.2, 31.2, 28.4, 28.2, 24.3, 24.0, 23.0, 22.7, 21.4,
18.8,12.16, 12.11. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for C27HsNO 402.3730, found 402.3734.
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5a-Cholestane-derived A-Ring Lactam, B2

Following the general procedure A, (S)-3-azido-1-phenylpropanol (S)-7 (86.6 mg, 0.500 mmol, 2.0
equiv) was reacted with Sa-cholestan-3-one 1 (96.6 mg, 0.250 mmol) to give B2 as a white amorphous
solid (118 mg, 0.220 mmol, 88% yield). Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column 0-40% EtOAc/hexanes. Rt = 0.42 (50% EtOAc/hexanes); mp
194-199 °C; IR (neat) 3378, 1619 cm™; *H NMR (400 MHz, CDCls) & 7.37-7.33 (m, 4H) 7.26 (m, 1H),
4.64 (dd, J = 9.8, 3.2 Hz, 1H), 4.10 (ddd, J = 14.6, 10.7, 4.3 Hz, 1H), 3.70 (dd, J = 15.5, 8.5 Hz, 1H),
3.11 (dt, J = 14.1, 4.5 Hz, 1H), 2.61-2.52 (m, 2H, contains d, 2.54, J = 15.5 Hz, 1H), 2.39 (m, 1H),
2.04-1.72 (complex, 6H), 1.61-1.47 (complex, 3H), 1.39-0.94 (complex, 19H), 0.91-0.85 (complex,
12H, contains s, 0.91, 3H; s, 0.89, 3H; d, 0.87, J = 1.9 Hz, 3H; d, 0.85, J = 1.9 Hz, 3H), 0.74-0.65 (m,
4H, contains s, 0.65, 3H); *C NMR (101 MHz, CDCls) & 177.1, 144.4, 128.5 (2C), 127.1, 125.6 (2C),
70.1, 56.5, 56.3, 54.3, 52.5, 49.6, 45.9, 42.5, 40.0, 39.7, 38.4, 38.1, 36.3, 36.2, 35.9, 35.2, 32.2, 28.5,
28.3, 28.1, 24.3, 24.0, 22.9, 22.7, 21.1, 18.8, 12.2. Note: Missing two carbon signals due to signal
overlap of methyl groups. APT and HSQC are included in the spectra section. HRMS (FT-ICR, HESI)
m/z: [M + H]* calcd for C3sHssNO, 536.4462, found 536.4449.

Me

5a-Cholestane-derived A-Ring Lactam, B3

Following the general procedure A, (S)-3-azido-2-methylpropanol (S)-8 (34.7 mg, 0.300 mmol, 2.0
equiv) was reacted with Sa-cholestan-3-one 1 (58.0 mg, 0.150 mmol) to give B3 as a white amorphous
solid (59.5 mg, 0.126 mmol, 84% vyield). Purification was carried out twice by an automated MPLC
system first using a 12 g normal phase silica column with gradient elution from 0-40% EtOACc/Et,0,
and second using a 4 g column normal phase silica column with gradient elution from 0-5%
MeOH/CHCl,. Rs = 0.35 (2% MeOH/CH,Cl,); mp 186-187 °C; IR (neat) 3417, 1623 cm™; 'H NMR
(400 MHz, CDCls) 6 3.68 (dd, J = 13.9, 10.1 Hz, 1H), 3.58 (m, 1H), 3.41 (dd, J = 11.9, 3.1 Hz, 1H),
3.28 (dd, J =11.8, 3.7 Hz, 1H), 2.84 (dd, J = 13.9, 4.4 Hz, 1H), 2.64 (t, J = 14.0 Hz, 1H), 245 (d, J =
15.3 Hz, 1H), 2.33 (m, 1H), 1.95 (m, 1H), 1.88-1.65 (complex, 4H), 1.57-1.42 (m, 3H), 1.37-0.90
(complex, 22H, contains d, 0.95, J = 6.9 Hz, 3H), 0.88-0.80 (complex, 12H, contains d, 0.85, J =1.9
Hz, 3H; d, 0.83, J = 1.9 Hz, 3H), 0.69 (m, 1H), 0.62 (s, 3H); **C NMR (101 MHz, CDCls) § 177.2,
63.2, 56.5, 56.3, 54.0, 52.2, 50.9, 48.4, 42.5, 40.0, 39.6, 38.3, 36.3, 35.9, 35.8, 35.1, 34.3, 32.1, 31.9,
28.6, 28.3, 28.1, 24.3, 23.9, 22.9, 22.7, 21.1, 18.7, 15.2, 12.3, 12.1. HRMS (FT-ICR, ESI) m/z: [M +
H]* calcd for Ca1HssNO2 474.4306, found 474.4305.
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S5a-Cholestane-derived A-Ring Lactam, B4

Following the general procedure A, (R)-3-azido-3-phenylpropanol (R)-9 (44.3 mg, 0.250 mmol) was
reacted with Sa-cholestan-3-one 1 (48.3 mg, 0.125 mmol) to give B4 as a white amorphous solid (58.4
mg, 0.109 mmol, 87% yield). Purification was carried out by an automated MPLC system using a 12 g
normal phase silica column with gradient elution from 0-50% EtOAc/hexanes. R; = 0.43 (50%
EtOAc/hexanes); mp 187-189 °C; IR (neat) 3409, 1620 cm*; *H NMR (400 MHz, CDCl3) 6 7.37-7.28
(m, 5H), 5.92 (dd, J = 12.5, 3.1 Hz, 1H), 3.72 (m, 1H), 3.42 (td, J = 11.7, 2.8 Hz, 1H), 3.18 (dd, J =
15.2,9.0 Hz, 1H), 2.69 (t, J = 14.0 Hz, 1H), 2.47 (dd, J = 15.0, 7.4 Hz, 1H), 2.35 (d, J = 15.3 Hz, 1H),
2.09 (m, 1H), 1.95-1.83 (m, 3H), 1.79-1.71 (m, 1H), 1.53-0.82 (complex, 29 H), 0.77 (s, 3H), 0.58 (s,
3H), 0.52-0.43 (m, 2H), 0.34-0.23 (m, 2H); *C NMR (126 MHz, CDCls) § 177.2, 139.1, 129.0 (2C),
128.5 (2C), 128.1, 58.5, 56.4 (2C), 54.0, 52.8, 48.8, 45.4, 42.4, 40.0, 39.6, 38.0, 36.3, 36.1, 35.9, 35.1,
32.6,32.3,31.6,28.3,28.1,27.4,24.2,23.9, 22.9, 22.7, 21.0, 18.8, 12.10, 12.06. Note: APT and HSQC
are included in the spectra section. HRMS (FT-ICR, HESI) m/z: [M + H]" calcd for CssHssNO-
536.4462, found 436.4456.

Sa-Cholestane-derived A-Ring Lactam, B5

Following the general procedure A, (S)-3-azidobutanol (S)-10 (28.5 mg, 0.248 mmol, 2.0 equiv) was
reacted with Sa-cholestan-3-one 1 (48.6 mg, 0.126 mmol) to give B5 as a white amorphous (52.8 mg,
0.111 mmol, 88% yield). Purification was carried out by an automated MPLC system using a 12 g
normal phase silica column with gradient elution from 0-5% MeOH/CH,Cl,. Rt = 0.37 (5%
MeOH/CH,Cly); mp 145-149 °C; IR (neat) 3338, 1620 cm™; *H NMR (400 MHz, CDCls) & 4.78 (m,
1H), 3.51 (ddd, J = 12.1, 5.1, 2.5 Hz, 1H), 3.29-3.21 (m, 2H), 2.68 (t, J = 14.1 Hz, 1H), 2.50-2.40 (m,
2H, contains d, J = 2.48, 15.6 Hz, 1H), 1.98 (m, 1H), 1.91-1.77 (m, 2H), 1.74-1.44 (complex, 5H),
1.38-0.81 (complex, 35H), 0.70 (m, 1H), 0.64 (s, 3H); *C NMR (101 MHz, CDCls)  177.5, 58.6, 56.5,
56.3,54.1, 49.9, 45.6, 44.4, 42.5. 40.0, 39.7, 38.4, 36.8, 36.3, 35.93, 35.92, 35.2, 32.5, 32.0, 28.4, 28.2,
27.6, 24.3,24.0, 23.0, 22.7, 21.1, 18.9, 18.8, 12.3, 12.2. HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for
Cs1HssNO; 474.4306, found 474.4313.
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S5a-Cholestane-derived A-Ring Lactam, B9

Following the general procedure A, (S)-2-azido-3-phenylpropanol (S)-14 (53.4 mg, 0.301 mmol, 2.0
equiv) was reacted with Sa-cholestan-3-one 1 (58.1 mg, 0.150 mmol) to give B9 as a white amorphous
solid (65.1 mg, 0.121 mmol, 81% yield) as the major regioisomers, in addition an uncharacterized,
impure minor product was obtained (10.0 mg, 0.019 mmol, 12% yield). Purification was carried out
by an automated MPLC system using a 12 g normal phase column with gradient elution from 0-5%
MeOH/CH,Cly. Rt = 0.23 (2% MeOH/CH,Cly); mp 203-204 °C; IR (neat) 3415, 1618 cm™; *H NMR
(400 MHz, CDCls) 6 7.31-7.26 (m, 2H), 7.24-7.20 (m, 3H), 4.64 (br s, 1H), 3.74 (dd, J = 11.6, 3.6 Hz,
1H), 3.64 (dd, J =11.6, 7.7 Hz, 1H), 3.34 (dd, J = 15.6, 9.2 Hz, 1H), 2.89 (m, 2H), 2.61 (t, J = 13.8 Hz,
1H), 2.44 (d, J = 15.6 Hz, 1H), 2.33 (dd, J = 15.0, 7.2 Hz, 1H), 1.93 (m, 1H), 1.85-1.74 (m, 4H), 1.37—
0.94 (complex, 20H), 0.91-0.81 (complex, 9H, contains s, 0.89, 3H; d, 0.87, J = 2.1 Hz, 3H; d, 0.85, J
=1.9 Hz, 3H), 0.79 (s, 3H), 0.74-0.67 (m, 1H), 0.61 (s, 3H), 0.42 (m, 1H); **C NMR (126 MHz, CDCls)
5 177.6, 138.2, 128.8 (2C), 128.6 (2C), 126.6, 64.1, 56.4, 56.3, 53.8, 48.4, 42.4, 39.9, 39.6, 37.9, 36.2,
35.9, 35.7, 35.03, 34.99, 33.0, 31.7, 28.3, 28.2, 28.1, 24.2, 23.9, 23.0, 21.0, 18.7, 12.13, 12.12. Note:
Missing three carbon signals due to signal overlap. X-ray crystal structure of this analog is provided in
the CCDC (CCDC 1583535). HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CssHssNO2 536.4462,
found 536.4489.

Sa-Cholestane-derived A-Ring Lactam, B10

A solution of B2 (53.6 mg, 0.100 mmol), 10% Pd/C (21.3 mg, 0.200 mmol, 2.00 equiv), and acetic acid
(200 pL) in anhydrous EtOH (15.0 mL) was placed under hydrogen atmosphere (40 psi) via a shaker-
Parr hydrogenation apparatus over 24 h. The solution was filtered over Celite and concentrated. The
crude residue was purified by purified by an automated MPLC system using a 12 g normal phase silica
column with gradient elution from 0-60% EtOAc/hexanes. Concentration of solvents afforded product
B10 as white amorphous solid (36.0 mg, 0.0692 mmol, 69% yield). Rs = 0.75 (50% EtOAc/hexanes);
mp 155-157 °C; IR (neat) 1624 cm®; *H NMR (400 MHz, CDCls) § 7.31-7.27 (m, 2H), 7.20-7.16 (m,
3H), 3.60 (dd, J = 15.4, 8.5 Hz, 1H), 3.40 (m, 2H), 2.66-2.56 (m, 3H), 2.48 (d, J = 15.4 Hz, 1H), 2.34
(dd, J =14.4, 7.5 Hz, 1H), 1.97 (m, 1H), 1.88-1.43 (complex, 8H), 1.34-0.93 (complex, 19H), 0.92—
0.85 (complex, 12H), 0.71-0.64 (m, 4H, contains s, 0.64, 3H); *C NMR (101 MHz, CDCls) 6 175.4,
142.0, 128.53 (2C), 128.45 (2C), 126.0, 56.5, 56.4, 54.1, 51.6, 49.1, 48.0, 42.5, 40.1, 39.7, 38.2. 36.3,
36.0, 35.9, 35.2, 33.5, 32.6, 32.0, 30.1, 28.6, 28.4, 28.2, 24.3, 24.0, 22.9, 22.7, 21.1, 18.8, 12.2, 12.16.
HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for CssHs7NO 520.4513, found 520.4513.
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S5a-Cholestane-derived A-Ring Lactam, B11

Following the general procedure C, B2 (536 mg, 0.100 mmol) was oxidized to give B11 as a white
amorphous solid (426 mg, 0.080 mmol, 80% yield). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-25% EtOAc/hexanes. Rt
=0.25 (25% EtOAc/hexanes); mp 177-179 °C; IR (neat) 1678, 1641 cm™; *H NMR (500 MHz, CDCls)
8 7.98 (m, 2H), 7.56 (m, 1H), 7.47 (m, 2H), 3.82 (dt, J = 13.5, 6.7 Hz, 1H), 3.78-3.60 (m, 2H), 3.25
(m, 2H), 2.75 (d, J = 15.4 Hz, 1H), 2.59 (t, J = 13.1 Hz, 1H), 2.30 (dd, J = 13.9, 7.2 Hz, 1H), 1.95 (dt,
J=12.6,3.4 Hz, 1H), 1.86-1.76 (m, 2H), 1.69-1.64 (m, 3H), 1.56-1.47 (m, 3H), 1.43-0.77 (complex,
29H), 0.64-0.59 (m, 4H, contains s, 0.63, 3H); *C NMR (126 MHz, CDCls) 6 199.3, 175.9, 136.8,
133.4,128.8 (2C), 128.3 (2C), 56.5, 56.3, 54.0, 53.2, 49.1, 45.4, 42.4, 40.0, 39.6, 38.2, 37.8, 36.3, 35.9,
35.8,35.1,32.5,31.9,28.4,28.1,24.3,24.0, 23.0, 22.7,21.1, 18.8, 12.2, 12.1. Note: Missing one carbon
signal due to signal overlap. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CssHs;NO2 534.4306,
found 534.4307.

NaH,
THF, reflux

Sa-Cholestane-derived A-Ring Lactam, B12

A solution of B11 (88.6 mg, 0.166 mmol) and sodium hydride (60% dispersion in mineral oil, 35.0 mg,
0.879 mmol, 5.3 equiv) in anhydrous THF (14.0 mL) was heated at 65 °C for 2 h. The reaction was
cooled to room temperature and quenched with a saturated solution of NH4CI (5 mL). The reaction
mixture was diluted with CH,Cl; (20 mL) and washed with saturated solution of NH4CI (2 x 5 mL),
H>O (5 mL) and brine (5 mL). The combined organic layer was dried over anhydrous Na.SO: filtered,
and concentrated. The crude residue was purified by an automated MPLC system using a 12 g normal
phase silica column with gradient elution from 0-5% MeOH/CH,Cl,. Concentration of solvents
afforded product B12 as white amorphous solid (51.7 mg, 0.129 mmol, 78% yield). Rs = 0.28 (3%
MeOH/CH_CIl.); mp 301-304 °C (decomposed); IR (neat) 3190, 1672, 1627 cm™*; *H NMR (400 MHz,
CDCls) 6 5.60 (br s, 1H), 3.37 (m, 1H), 2.63-2.50 (m, 2H), 2.25 (m, 1H), 1.98 (m, 1H), 1.92-1.77 (m,
2H), 1.69 (m, 1H), 1.60-1.48 (m, 3H), 1.38-0.93 (complex, 18H), 0.90-0.85 (complex, 13H), 0.73 (m,
1H), 0.65 (s, 3H); 3C NMR (101 MHz, CDCls) & 178.7, 56.6, 56.4, 53.9, 49.8, 44.7, 42.5, 40.1, 39.7,
38.8, 36.3, 35.9, 35.4, 35.2, 31.9, 31.5, 28.4, 28.2, 27.9, 24.3, 24.0, 23.0, 22.7, 21.2, 18.8, 12.20, 12.18.
HRMS (FT-ICR, ESI) m/z: [M + H]* calcd for C27HsNO 402.3730, found 402.3732.
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17p-Hydroxy-5a-androstane-derived A-Ring Lactams, C1 and D1

Following the general procedure A, 3-azidopropanol 6 (30.6 mg, 0.303 mmol, 2.0 equiv) was reacted
with Sa-DHT 2 (43.6 mg, 0.150 mmol) to give a 40:60 mixture of regioisomers C1 and D1 as a white
amorphous solid (51.6 mg, 0.142 mmol, 95% yield, UPLC/HRMS purity: >99.5%). Purification was
carried out by an automated MPLC system using a 12 g normal phase silica column with gradient
elution from 0-5% MeOH/CHCl,. R; = 0.27 (5% MeOH/CH,Cl,); IR (neat) 3325, 1618, 1603 cm;
key *H NMR (400 MHz, CDCls) 8 2.91 (ddd, J = 15.6, 6.5, 1.8 Hz, 1H), 2.73 (dd, J = 14.2, 10.4 Hz,
1H), 2.59 (t, J = 13.0 Hz, 1H), 2.44 (d, J = 15.4 Hz, 1H), 2.29 (dd, J = 14.9, 6.9 Hz, 1H), 2.04-1.93 (m,
2H), 1.91-1.72 (m, 4H, contains d, J = 14.3 Hz, 1H); *C NMR (126 MHz, CDCls) § 177.2, 177.1,
81.90, 81.86, 77.4, 77.2, 76.9, 58.11, 58.06, 54.4, 54.1, 52.0, 51.02, 51.01, 48.9, 45.3, 44.8, 44.5, 44.0,
42.9,42.8,41.1, 40.0, 38.6, 38.4, 36.8, 36.7, 36.0, 35.1, 34.9, 32.1, 31.6, 31.5, 30.9, 30.7, 30.6, 30.32,
30.29, 28.4, 23.4, 21.0, 20.7, 12.24, 12.19, 11.25, 11.23. Note: Missing carbon signals due to signal
overlap of regioisomers. HRMS (FT-ICR, HESI) m/z: [M + H]" calcd for C22H3sNO3 364.2846, found
364.2840.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C2

Following the general procedure A, (R)-3-azido-1-phenylpropanol (R)-7 (44.1 mg, 0.250 mmol, 2.0
equiv) was reacted with 50-DHT 2 (36.2 mg, 0.125 mmol) to give C2 as a cream-colored amorphous
solid (46.0 mg, 0.105 mmol, 84% yield, UPLC/HRMS purity: 95.7%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CH.Cl.. Rs = 0.33 (5% MeOH/CH,Cl,); mp 155-157 °C; IR (neat) 3348, 1622 cm™; 'H NMR
(400 MHz, CDCls) 6 7.39-7.36 (m, 4H), 7.26 (m, 1H), 4.65 (dd, J = 9.9, 3.5 Hz, 1H), 4.06 (ddd, J =
14.6, 10.5, 4.4 Hz, 1H), 3.69-3.61 (m, 2H), 3.12 (dt, J = 14.5, 4.7 Hz, 1H), 3.02 (m, 1H), 2.72 (dd, J =
14.1, 10.3 Hz, 1H), 2.11-1.78 (complex, 6H, contains d, 1.98, J = 1.9 Hz, 1H), 1.70-1.65 (m, 1H),
1.62-1.54 (m, 2H), 1.51-1.15 (complex, 8H), 1.06 (m, 1H), 0.98-0.85 (complex, 5H, contains s, 0.90,
3H), 0.73-0.68 (complex, 4H, contains s, 0.73, 3H); 3C NMR (126 MHz, CDCls) § 177.1, 144.2, 128.4
(2C), 127.2, 125.7 (2C), 81.9, 70.0, 54.5, 51.0, 45.8, 45.7, 44.2, 42.8, 41.9, 40.0, 38.6, 37.8, 36.8, 34.9,
31.6, 30.9, 30.7, 23.4, 21.0, 12.1, 11.2. Note: APT, NOE (1D), HSQC and HMBC are included in the
spectra section. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH12NO3 440.3159, found 440.3162.

Key "H NMR signals Key 3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals

3.68-3.66 (m), 70.0 458 12.1

Q T QT f/| Q

/H?OH Mg/ H-°'<0H ,/Me H=—OH e [~ H-{OH Me [ .
4.65(dd) AN 45.7—=—N N N
e 1771 . - >
/ S H H H g H

4.06 (ddd), T ©
3.12 (dt) 2.72 (dd), 1.98 (d) 40.0 442
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17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C3

Following the general procedure A, (R)-3-azido-1-(4-bromophenyl)propanol (R)-11 (64.1 mg, 0.250
mmol, 2.0 equiv) was reacted with 5a-DHT 2 (36.5 mg, 0.126 mmol) to give C3 as a white amorphous
solid (53.9 mg, 0.104 mol, 83% yield, UPLC/HRMS purity: >99.5%). Purification was carried by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-2%
MeOH/CHCl,. Rs = 0.43 (4% MeOH/CH,Cl,); mp 213-217 °C; IR (neat) 3348, 1621 cm™; 'H NMR
(400 MHz, CDCls3) 6 7.46 (m, 2H), 7.25 (m, 2H), 4.59 (dd, J = 10.0, 3.2, 1H), 4.06 (ddd, J = 14.6, 10.8,
4.0 Hz, 1H), 3.72-3.62 (m, 2H), 3.10 (dt, J = 14.2, 4.6 Hz, 1H), 3.02 (m, 1H), 2.73 (dd, J = 14.1, 10.4
Hz, 1H), 2.11-2.00 (m, 1H), 1.99 (d, J = 14.2 Hz, 1H), 1.94-1.55 (complex, 7H), 1.57-1.03 (complex,
9H), 0.98-0.83 (m, 5H, contains s, 0.93, 3H), 0.74-0.67 (m, 4H, contains s, 0.74, 3H); 3C NMR (101
MHz, CDCls) & 177.3, 143.3, 131.5 (2C), 127.5 (2C), 120.9, 81.9, 69.4, 54.6, 51.0, 46.0, 45.7, 44.2,
43.0, 41.9, 40.0, 38.6, 37.9, 36.8, 35.0, 31.6, 30.9, 30.7, 23.4, 21.0, 12.2, 11.2. HRMS (FT-ICR, HESI)
m/z: [M + H]* calcd for CasHa1NO3 518.2264, found 518.23109.

Me OH

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C4

Following the general procedure A, (R)-3-azido-2-methylpropanol (R)-8 (28.3 mg, 0.246 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (36.4 mg, 0.125 mmol) to give C4 as a white crystalline solid (40.3
mg, 0.107 mol, 85% yield, UPLC/HRMS purity: >99.5%). Purification was carried by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-6%
MeOH/CH,Cl,. Ry = 0.47 (5% MeOH/CH,Cl,); mp 215-218 °C; IR (neat) 3354, 1617 cm™; *H NMR
(400 MHz, CDCls) 6 3.71-3.65 (dd, J = 13.9, 10.1 Hz, 1H), 3.64-3.56 (m, 2H), 3.44 (dd, J=11.8, 3.1
Hz, 1H), 3.31 (dd, J = 11.8, 3.8 Hz, 1H), 2.97 (m, 1H), 2.87-2.78 (m, 2H), 2.10-2.00 (m, 1H), 1.97 (d,
J = 14.6 Hz, 1H), 1.83-1.18 (complex, 13H), 1.05 (m, 1H), 0.97 (d, J = 7.0 Hz, 3H), 0.94-0.82
(complex, 5H, contains s, 0.91, 3H), 0.77-0.70 (m, 4H, contains s, 0.73, 3H); *C NMR (151 MHz,
CDCls) 6 177.3, 82.0, 63.3, 54.4, 51.1, 50.7, 45.6, 43.9, 42.9, 40.4, 40.0, 38.7, 36.9, 35.0, 34.3, 31.6,
30.9,30.7,23.5,21.1,15.3,12.3, 11.2. HRMS (FT-ICR, HESI) m/z: [M + H]" for C23sH4NO3 378.3003,
found 378.2996.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C5

Following the general procedure A, (S)-3-azido-3-phenylpropanol (S)-9 (44.1 mg, 0.249 mmol, 2.0
equiv) was reacted with Sa-DHT 2 (36.4 mg, 0.125 mmol) to give C5 as a cream-colored amorphous
solid (48.6 mg, 0.111 mmol, 89% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by
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an automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CHCl,. Rs = 0.40 (5% MeOH/CH,Cl,); mp 197-202 °C; IR (neat) 3441, 3356, 1597 cm™; *H
NMR (400 MHz, CDCls) 8 7.38-7.28 (m, 5H), 5.89 (dd, J = 12.4, 3.2 Hz, 1H), 3.72 (ddd, J = 12.1, 5.1,
2.5Hz, 1H), 3.57 (t, J=8.4 Hz, 1H), 3.40 (td, J = 11.7, 2.8 Hz, 1H), 3.20 (dd, J = 15.4, 11.7, 1H), 2.87—
2.80 (m, 2H), 2.14-1.98 (m, 3H, contains d, 2.09, J = 14.8 Hz, 1H), 1.93 (m, 1H), 1.71-1.63 (m, 2H),
1.56-1.04 (complex, 10H), 0.97-0.80 (complex, 6H, contains s, 0.80, 3H), 0.67 (s, 3H), 0.49 (m, 1H),
0.40 (m, 1H); *C NMR (101 MHz, CDCls) 8 177.5, 139.1, 128.7 (2C), 128.6 (2C), 128.0, 81.9, 58.5,
54.3, 52.6, 50.9, 43.6, 42.8, 40.7, 40.4, 39.2, 38.3, 36.7, 34.9, 32.0, 31.6, 30.9, 30.7, 23.4, 20.8, 12.1,
11.1. Note: APT, NOE (1D), HSQC and HMBC are included in the spectra section. HRMS (FT-ICR,
HESI) m/z: [M + H]" calcd for C2sH42NO3 440.3159, found 440.3164.

Key "H NMR signals Key '3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals
3.72 (ddd), 3.40 (td) 3.20 (dd), 58.5 406 121
287 2.80 (m) Hol 39.2 HO HO HO
~ ~ ~ \ ~
5.89 (dd) /Me 52_6\i i i e | - Z Me | >~ -é M
H=—N H=—N H=—N H=—N H=—N
H \ \ i \ i =
Sl o Oe e oL
LA s \/
2.87-2.80 (m), 2.09 (d) 1775 404

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C6

Following the general procedure A, (R)-3-azidobutanol (R)-10 (27.9 mg, 0.242 mmol, 2.0 equiv) was
reacted with 5a-DHT 2 (36.0 mg, 0.124 mmol) to give C6 as a white amorphous solid (39.7 mg, 0.105
mmol, 85% yield, UPLC/HRMS purity: 98.9%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-5% MeOH/CH,Cl,. R¢ =
0.40 (5% MeOH/CH,CI;); mp 179-184 °C; IR (neat) 3408, 3330, 1607 cm™; *H NMR (400 MHz,
CDCl3) 6 4.74 (m, 1H), 3.62 (t, J = 8.6 Hz, 1H), 3.52 (ddd, J = 12.0, 5.0, 2.5 Hz, 1H), 3.29-3.20 (m,
2H), 2.98 (m, 1H), 2.83 (dd, J = 15.0, 10.8 Hz, 1H), 2.10-2.01 (m, 2H, contains d, J = 15.0 Hz, 1H),
1.88-1.78 (m, 2H), 1.70-1.04 (complex, 17H, contains d, 1.18, J = 6.9 Hz, 1H), 0.96-0.83 (complex,
6H, contains s, 0.90, 3H), 0.75-0.68 (complex, 5H, contains s, 0.73, 3H); *C NMR (101 MHz, CDCls)
5177.5,81.9,58.5,54.5,51.1,45.5,43.8,42.9,42.1, 40.4, 38.6, 38.0, 36.8, 36.6, 35.0, 31.7, 30.9, 30.7,
23.5, 21.0, 18.9, 12.3, 11.2. Note: APT, NOE (1D), HSQC and HMBC are included in the spectra
section. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for Ca3H4oNO3; 378.3003, found 378.2984.

Key "H NMR signals Key '3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals
3.52 (ddd), 3.29-3.20 (m) 380 123
3.29-3. 20 m 2.9
o 8 m) HO 421 HO HO HO
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17B-Hydroxy-5a-androstane-derived A-Ring Lactam, C7

Following the general procedure A, (R)-2-azido-3-phenylpropanol (R)-14 (44.7 mg, 0.252 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (35.9 mg, 0.124 mmol) to give C7 as a white amorphous solid (35.1
mg, 0.080 mmol, 65% yield, LCMS purity: 97.3%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-4% MeOH/CH:Cl, over
50 min. Ry = 0.32 (4% MeOH/CH Cl,); IR (neat) 3375, 1619 cm™; mp 172-174 °C; *H NMR (400
MHz, CDCls) & 7.32-7.26 (m, 2H), 7.24-7.19 (m, 3H), 3.78-3.68 (m, 2H), 3.61 (t, J = 8.5 Hz, 1H),
3.34 (dd, J =15.9, 11.8 Hz, 1H), 3.02-2.85 (m, 3H), 2.81-2.75 (m, 1H), 2.09-1.99 (m, 4H), 1.77 (dt, J
=125, 3.4 Hz, 1H), 1.68-1.52 (m, 3H), 1.48-1.14 (complex, 7H), 1.02-0.79 (complex, 7H, contains s,
0.82, 3H), 0.70 (s, 3H), 0.53 (m, 1H); **C NMR (101 MHz, CDCls) § 177.8, 138.5, 129.1 (2C), 128.7
(2C), 126.6, 81.9, 64.3, 54.4, 51.0, 43.7, 42.8, 41.3, 40.8, 38.4, 36.8, 35.0, 34.9, 31.6, 30.8, 30.7, 23.4,
20.9, 12.2, 11.2. Note: Missing two carbon signals due to signal overlap. HRMS (FT-ICR, HESI) m/z:
[M + H]* calcd for C2sH42NO3 440.3159, found 440.3151.

17p-Hydroxy-5a-androstane-derived A-Ring Thioamide, C8

Following the general procedure B, (R)-3-azido-1-phenylpropanol (R)-7 (72.1 mg, 0.407 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (58.3 mg, 0.201 mmol) to give C8 as an off-white solid (77.3 mg,
0.170 mmol, 85% yield, UPLC/HRMS purity: 98.9%). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-45%
EtOAc/hexanes. Ry = 0.38 (50% EtOAc/hexanes); mp 236-239 °C; IR (neat) 3331, 1529 cm™; *H NMR
(400 MHz, CDCls) 6 7.39-7.33 (m, 4H), 7.29-7.27 (m, 1H), 4.73 (m, 1H), 4.68 (m, 1H), 3.91 (dd, J =
15.3, 11.9 Hz, 1H), 3.75 (m, 2H), 3.63 (t, J = 8.6 Hz, 1H), 3.36 (m, 1H), 3.10 (dd, J = 14.1, 9.7 Hz,
1H), 2.79 (d, J = 14.1 Hz, 1H), 2.21-1.78 (m, 3H), 1.88 (dd, J = 14.5, 6.4 Hz, 1H), 1.81 (dt, J = 12.4,
3.4 Hz, 1H), 1.69 (m, 1H), 1.63-1.17 (complex, 10 H), 1.05 (m, 1H), 0.99 (m, 4H, contains s, 0.91,
3H), 0.74-0.67 (m, 4H, contains s, 0.73, 3H); *C NMR (151 MHz, CDCls) § 206.2, 143.9, 128.6 (2C),
127.6, 125.7 (2C), 81.9, 70.4, 54.6, 54.0, 51.0, 50.0, 49.8, 45.6, 42.9, 40.6, 38.4, 36.9, 36.8, 34.9, 31.6,
30.7, 23.4, 21.0, 12.6, 11.2. Note: Missing one carbon signal due to signal overlap. HRMS (FT-ICR,
HESI) m/z: [M + H]* calcd for C2sHsNO,S [M + H]* 456.2931, found 456.2921.

17p-Hydroxy-5a-androstane-derived A-Ring Amine, C9 MC-006-179:

Method 1: Following the general procedure B, (R)-3-azido-1-phenylpropanol (R)-7 (72.7 mg, 0.410
mmol, 2.0 equiv) was reacted with 5a-DHT 2 (58.0 mg, 0.200 mmol) to give C9 as pale yellow sticky
solid (73.6 mg, 0.173 mmol, 87% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by
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an automated MPLC system using a 12 g normal phase silica column using MeOH/CHCl,. Rf = 0.15
(4% MeOH/CH.Cl,). HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sHisNO- [M + H]* 426.3367,
found 426.3356.

Method 2: C2 (110.0 mg, 0.250 mmol) was added to a stirring suspension of LAH (1M THF, 0.500
mL, 0.500 mmol, 2.0 equiv) in anhydrous THF (14 mL) at 0 “C. The reaction mixture was allowed to
room temperature, stirred for 4 h and then refluxed for 24 h. The reaction mixture was allowed to room
temperature and quenched with a saturated aqueous solution of sodium potassium tartarate (5 mL). The
biphasic mixture was stirred overnight. The biphasic mixture was diluted CH.Cl (50 mL). The organic
layer was washed with aqueous solution of sodium potassium tartarate (2 x 5 mL), brine (5 mL), dried
over Na;SQq, filtered, and concentrated. Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column using MeOH/CH,CI; to give C9 as white foam solid (53.9 mg,
0.127 mmol, 51% yield, UPLC/HRMS purity: >99.5%). mp decomposed; IR (neat) 3357, 2918, 2846,
1449 cm; 'H NMR (400 MHz, CDCls) § 7.36 (m, 4H), 7.23 (m, 1H), 4.99 (dd, J = 7.9, 3.2 Hz, 1H),
3.61 (t, J=8.6 Hz, 1H), 2.91 (m, 1H), 2.76 (m, 3H), 2.56 (m, 2H), 2.05 (m, 1H), 1.90 (m, 1H) 1.79 (m,
2H), 1.66-1.51 (complex, 4H), 1.03 (m, 1H), 0.90 (m, 2H), 0.83 (s, 3H), 0.76-0.73 (complex, 4H,
contains s, 0.73, 3H); 3C NMR (151 MHz, CDCls) & 145.2, 128.3 (2C), 127.0, 125.7 (2C), 82.1, 75.5,
58.3, 54.7, 54.0, 51.3, 50.7, 46.2, 42.9, 38.5, 37.0, 35.3, 34.1, 31.7, 31.0, 30.7, 29.9, 23.6, 21.5, 13.3,
11.3. Note: Missing one carbon signal due to signal overlap. HRMS (FT-ICR, HESI) m/z: [M + H]*
calcd for CsHasNO, [M + H]* 426.3367, found 426.3357.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam C10

MC-006-180: Following the general procedure B, (R)-3-azido-1-phenylpropanol (R)-7 (70.5 mg, 0.398
mmol, 1.9 equiv) was reacted with 5a-DHT 2 (60.0 mg, 0.207 mmol) to give C10 as white foam solid
(80.9 mg, 0.191 mmol, 92% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-3%
MeOH/CH_Cl.. R = 0.38 (4% MeOH/CH.Cl); mp decomposed; IR (neat) 3214, 1626 cm™; *H NMR
(400 MHz, CDCls) 6 7.29 (m, 2H), 7.18 (m, 3H), 3.59 (m, 2H), 3.48-3.31 (m, 2H), 2.95 (dd, J = 15.5,
6.3 Hz, 1H), 2.74 (dd, J = 14.3, 10.1 Hz, 1H), 2.62 (td, J = 7.4, 2.5 Hz, 2H), 2.04 (m, 1H), 1.93 (d, J =
14.3 Hz, 1H), 1.96-1.77 (m, 4H), 1.68-1.56 (complex, 4H), 1.48-1.14 (complex, 6H), 1.03 (m, 1H),
0.95-0.83 (complex, 6H, contains s, 0.88, 3H), 0.73-0.66 (complex, 4H, contains s, 0.73, 3H); *C
NMR (101 MHz, CDCls) 6 175.4, 141.9, 128.52 (2C), 128.46 (2C), 126.0, 82.0, 54.5, 51.1, 47.9, 44.9,
43.9,42.9, 41.6, 40.5, 38.5, 36.8, 35.0, 33.4, 31.7, 30.9, 30.7, 30.1, 23.5, 21.0, 12.2, 11.2. HRMS (FT-
ICR, HESI) m/z: [M + H]* calcd for C2sH42NO2 [M + H]* 424.3210, found 424.3203.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C11

Following the general procedure B, (R)-3-azido-1-phenylpropanol (R)-7 (71.6 mg, 0.404 mmol, 2.0
equiv) was reacted with 50-DHT 2 (57.7 mg, 0.199 mmol) to give C11 as a yellow amorphous solid
(52.0 mg, 0.112 mmol, 56% yield, UPLC/HRMS purity: 97.9%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-50%
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EtOAc/hexanes. Rs = 0.32 (50% EtOAc/hexanes); mp 160-163 °C; IR (neat) 3378, 2093, 1624 cm™; H
NMR (400 MHz, CDCls) 8 7.40-7.30 (m, 5H), 4.46 (t, J = 7.2 Hz, 1H), 3.62 (t, J = 8.5 Hz, 1H), 3.56—
3.45 (m, 2H), 3.32 (m ,1H), 2.92 (m, 1H), 2.67 (dd, J = 14.3, 10.3 Hz, 1H), 2.05 (m, 1H), 1.97 (q, J =
7.3 Hz, 2H), 1.91 (d, J = 8.96 Hz, 1H), 1.82-1.77 (m, 2H), 1.69-1.63 (m, 1H), 1.62-1.16 (complex,
10H), 1.05 (m, 1H), 0.96-0.83 (m, 5H, contains s, 3H), 0.74-0.68 (m, 4H, contains s, 3H); *C NMR
(101 MHz, CDCls) 6 175.6, 139.3, 129.0 (2C), 128.6, 127.0 (2C), 82.0, 64.4, 54.4, 51.1, 45.7, 45.2,
43.8,42.9, 41.3, 40.3, 38.5, 36.8, 35.0, 34.7, 31.7, 30.9, 30.7, 23.5, 21.0, 12.2, 11.2. HRMS (FT-ICR,
HESI) m/z: [M + H]* calcd for CasHa1N4O2 465.3224, found 465.3212.

Me
05wy
S Me
N H

(0]

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C12

Following the general procedure B, (R)-3-azido-1-phenylpropanol (R)-7 (44.5 mg, 0.250 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (36.3 mg, 0.125 mmol) to give C12 as a yellow crystalline solid
(45.2 mg, 0.0828 mmol, 66% yield, UPLC/HRMS purity: 97.0%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-60%
EtOAc/hexanes. Ry = 0.30 (50% EtOAc/hexanes); mp 182-186 °C; IR (neat) 3395, 1632 cm™; *H NMR
(400 MHz, CDCls) 6 7.27-7.17 (m, 5H), 7.12 (m, 2H), 6.99 (m, 2H), 4.05 (t, J = 7.4 Hz, 1H), 3.62 (t, J
= 8.6 Hz, 1H), 3.44-3.28 (m, 3H), 2.83 (m, 1H), 2.58 (dd, J = 14.2, 10.4 Hz, 1H), 2.28 (s, 3H), 2.13 (q,
J=7.3Hz, 2H), 2.04 (m, 1H), 1.85 (d, J = 14.3 Hz, 1H), 1.82-1.71 (m, 2H), 1.67-0.98 (complex, 11H),
0.94-0.80 (m, 5H, contains s, 0.83, 3H), 0.72 (s, 3H), 0.69-0.62 (m, 1H); 3C NMR (126 MHz, CDCls)
5 175.4, 141.8, 137.6, 133.3 (2C), 130.8, 129.6 (2C), 128.5 (2C), 127.9 (2C), 127.3, 82.0, 54.3, 51.8,
51.0, 46.6, 45.0, 43.8, 42.8, 41.4, 40.4, 38.4, 36.8, 34.9, 34.3, 31.6, 30.9, 30.7, 23.4, 21.3, 21.0, 12.1,
11.2. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CssH4sNO-S [M + H]* 546.3400, found 546.3420.

Me ©OH

17p-Hydroxy-5a-androstane-derived A-Ring Thioamide, C13

Following the general procedure B, (S)-3-azido-3-phenylpropanol (S)-9 (74.0 mg, 0.418 mmol, 2.1
equiv) was reacted with 5a-DHT 2 (58.8 mg, 0.202 mmol) to give C13 as an off-white amorphous solid
(73.6 mg, 0.162 mmol, 80% yield, UPLC/HRMS purity: 90.3%). Purification was carried out by an
automated MPLC system using a using 12 g normal phase silica column with gradient elution from 0—
50% EtOAc/hexanes. Ri = 0.32 (50% EtOAc/hexanes); mp 249-251 °C; IR (neat) 3338, 1488, 1454
cmt; *H NMR (400 MHz, CDCls) § 7.41-7.31 (m, 5H), 7.12 (dd, J = 12.0, 3.3 Hz, 1H), 3.79-3.71 (m,
1H), 3.57 (m, 1H), 3.52-3.44 (m, 3H), 3.25-3.12 (m, 2H), 2.96 (d, J = 14.6 Hz, 1H), 2.24-2.16 (m,
1H), 2.12-1.99 (m, 2H), 1.69-1.63 (m, 2H), 1.60-1.52 (m, 2H), 1.44-1.02 (complex, 9H), 0.96-0.81
(m, 3H), 0.81 (s, 3H), 0.66 (s, 3H), 0.41 (m, 1H), 0.21 (m, 1H); C NMR (151 MHz, CDCl3) § 207.0,
138.0, 128.9 (2C), 128.6, 128.3 (2C), 81.9, 61.0, 58.1, 54.2, 50.8, 49.9, 44.9, 43.7, 42.8, 39.7, 38.0,
36.6, 34.8, 32.3, 31.5, 30.8, 30.7, 23.4, 20.7, 12.5, 11.1. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd
for C2sH42NO-S [M + H]* 456.2931, found 456.2929.
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17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C14

Following the general procedure B, (S)-3-azido-3-phenylpropanol (S)-9 (71.1 mg, 0.401 mmol, 2.0
equiv) was reacted with 50-DHT 2 (57.0 mg, 0.196 mmol) to give C14 as a pale yellow crystalline solid
(54.6 mg, 0.118 mmol, 60% yield, LCMS purity: >99.5%). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-50%
EtOAc/hexanes. Ry = 0.32 (50% EtOAc/hexanes); mp decomposed; IR (neat) 3394, 2096, 1624 cm™;
'H NMR (400 MHz, CDCl3) & 7.38-7.28 (m, 5H), 5.88 (dd, J = 8.9, 6.6 Hz, 1H), 3.57 (t, J = 8.6 Hz,
1H), 3.42-3.25 (m, 3H), 2.96 (m, 1H), 2.78 (m, 1H), 2.63 (m, 1H), 2.20-2.12 (m, 2H), 2.09-1.98 (m,
2H), 1.71-1.05 (complex, 11H), 0.96-0.80 (complex, 6H, contains s, 0.81, 3H), 0.67 (s, 3H), 0.44 (m,
1H), 0.30 (m, 1H); **C NMR (101 MHz, CDCls) & 175.9, 139.1, 128.9 (2C), 128.1 (2C), 128.0, 82.0,
54.2,53.4,50.9, 49.1, 43.6, 42.8, 40.9, 40.5, 39.1, 38.2, 36.7, 34.9, 31.5, 30.9, 30.7, 29.4, 23.4, 20.8,
12.1,11.2. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH41N4O, 465.3224, found 465.3215.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C15

Following the general procedure B, (S)-3-azido-3-phenylpropanol (S)-9 (44.2 mg, 0.249 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (36.3 mg, 0.125 mmol) to give C15 as a white amorphous solid
(44.3 mg, 0.081 mmol, 65% yield, UPLC/HRMS purity: 97.2%). Purification was carried out by an
automated MPLC system using a using 12 g normal phase silica column with gradient elution from 0—
40% EtOAc/hexanes. Rs = 0.53 (50% EtOAc/hexanes); mp 181-183 °C; IR (neat) 3313, 1613 cm™; 'H
NMR (400 MHz, CDCls)  7.34-7.24 (m, 7H), 7.10-7.08 (m, 2H), 5.87 (dd, J = 9.6, 5.9 Hz, 1H), 3.56
(t, J = 8.6 Hz, 1H), 3.23 (dd, J = 15.6, 11.5 Hz, 1H), 2.96-2.87 (m, 2H), 2.81-2.73 (m, 2H), 2.31 (s,
3H), 2.24-2.10 (m, 2H), 2.07-1.98 (m, 2H, contains d, 2.04, J = 14.3 Hz, 1H), 1.70-1.04 (complex,
13H), 0.95-0.76 (m, 5H, contains s, 0.79, 3H), 0.67 (s, 3H), 0.41 (m, 1H), 0.27 (m, 1H); *C NMR (101
MHz, CDCls) 6 175.7, 139.6, 136.5, 132.5, 130.5 (2C), 129.8 (2C), 128.6 (2C), 128.2 (2C), 127.8, 81.9,
55.0, 54.2, 50.9, 43.6, 42.8, 40.9, 40.6, 38.9, 38.2, 36.7, 34.9, 31.58, 31.55, 30.9, 30.7, 30.2, 23.4, 21.1,
20.8, 12.1, 11.1. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CasHigNO,S [M + H]* 546.3400,
found 546.3396.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C16
Following the general procedure C, C2 (75.0 mg, 0.170 mmol) was oxidized to give C16 as a white
amorphous solid (50 mg, 0.115 mmol, 68% yield, UPLC/HRMS purity: >99.5%). Purification was
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carried out by an automated MPLC system using a 12 g normal phase silica column with gradient
elution from 0-2% MeOH/CH.Cl,. Concentration of solvents afforded a slightly impure azasteroid,
which was subjected to a second purification on a 4 g normal phase silica column with gradient elution
0-80% EtOAc/hexanes. Rt = 0.20 (50% EtOAc/hexanes); mp 209-212 °C; IR (neat) 1726, 1673, 1645,
1628 cm't; *H NMR (400 MHz, CDCls) 6 7.97 (m, 2H), 7.56 (m, 1H), 7.46 (m, 2H), 3.82-3.62 (m, 3H),
3.31-3.20 (m, 3H), 2.75 (dd, J = 14.3, 9.9 Hz, 1H), 2.43 (m, 1H), 2.06 (m, 1H), 1.96-1.89 (m, 2H,
contains d, J = 14.4 Hz, 1H), 1.82-1.75 (m, 3H), 1.68-1.63 (m, 1H), 1.53-1.14 (complex, 9H), 1.04—
0.91 (m, 1H), 0.89 (s, 3H), 0.84 (s, 3H), 0.71 (m, 1H); *C NMR (101 MHz, CDCls) & 221.1, 199.3,
175.7, 136.8, 133.5, 128.8 (2C), 128.3 (2C), 54.3, 51.4, 47.6, 46.6, 45.3, 43.7, 41.4, 40.3, 38.6, 37.8,
36.0 34.5, 31.6, 30.9, 30.7, 21.8, 20.7, 13.9, 12.2. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for
CasH3sNO3 [M + H]* 436.2846, found 436.2823.

NaH,
THF, reflux

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, C17

A solution of C16 (87.0 mg, 0.200 mmol) and sodium hydride (60% dispersion in mineral oil, 38.0 mg,
1.60 mmol, 4.8 equiv) in anhydrous THF (8.0 mL) was heated at 65 °C for 2 h. The reaction was cooled
to room temperature and quenched with a saturated solution of NH4Cl (5 mL). The reaction mixture
was diluted with CH,Cl, (20 mL) and washed with saturated solution of NH4Cl (2 x 5 mL), H20 (5 mL)
and brine (5 mL). The combined organic layer was dried over anhydrous Na,SO; filtered, and
concentrated. The crude residue was purified by an automated MPLC system using a 12 g normal phase
silica column with gradient elution from 0-5% MeOH/CHCl,. Concentration of solvents afforded
product C17 as white amorphous solid (44.0 mg, 0.145 mmol, 73% yield, UPLC/HRMS purity:
>099.5%). Rr = 0.25 (3% MeOH/CH.Cl,); mp 283-285 °C; IR (neat) 3303, 3219, 1736, 1668 cm™. 'H
NMR (400 MHz, CDCls) 6 5.77 (br s, 1H), 3.40 (ddd, J = 15.9, 11.8, 4.4 Hz, 1H), 3.00 (m, 1H), 2.77
(dd, J = 14.3, 11.0 Hz, 1H), 2.44 (dd, J = 19.4, 8.8 Hz, 1H), 2.08 (m, 1H), 1.97-1.78 (complex, 4H),
1.70 (m, 1H), 1.60-1.22 (complex, 10H), 1.03 (m, 1H), 0.94 (s, 3H), 0.89-0.78 (complex, 5H, contains
s, 0.86, 3H); 3C NMR (151 MHz, CDCl3) & 221.0, 178.3, 54.3, 51.5, 47.6, 43.4, 42.2, 39.7, 39.2, 38.0,
36.0, 34.4, 31.7, 31.0, 30.8, 21.9, 20.7, 13.9, 12.1. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for
C19H20NO; 304.2271, found 304.2267.

N~
<\/OH D2

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D2

Following the general procedure A, (S)-3-azido-1-phenylpropanol (S)-7 (44.3 mg, 0.250 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (36.1 mg, 0.124 mmol) to give D2 as a cream-colored amorphous
(48.1 mg, 0.109 mmol, 88% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CH,Cl,. Rt = 0.35 (5% MeOH/CH,Cly); mp 155-157 °C; IR (neat) 3321, 1622 cm!; *H NMR
(400 MHz, CDCls) 6 7.37-7.32 (m, 4H), 7.26 (m, 1H), 4.63 (dd, J = 9.8, 3.2 Hz, 1H), 4.09 (ddd, J =
14.6, 10.6, 4.3 Hz, 1H), 3.69 (m, 1H), 3.64 (t, J = 8.6 Hz, 1H), 3.11 (dt, J = 14.2, 4.5 Hz, 1H), 2.61-

55



2.52 (m, 2H, contains d, 2.54, J = 15.6 Hz, 1H), 2.11-2.02 (m, 1H), 1.95-1.72 (complex, 5H), 1.68—
1.55 (complex, 2H), 1.48-1.19 (complex, 9H), 1.06 (m, 1H), 0.98-0.84 (complex, 5H, contains s, 0.92,
3H), 0.75-0.68 (complex, 4H, contains s, 0.74, 3H); *C NMR (101 MHz, CDCls) 8 177.1, 144.3, 128.5
(2C), 127.2,125.6 (2C), 81.9, 70.0, 54.4,52.4, 51.1, 49.6, 45.9, 42.9, 38.5, 38.0, 36.7, 36.2, 35.2, 32.1,
31.8, 30.6, 28.4, 23.5, 20.7, 12.2, 11.3. Note: APT, NOE (1D), HSQC and HMBC are included in the
spectra section. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C,sH42NO3 440.3159, found 440.3167.

Key "H NMR signals Key '3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals
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17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D3

Following the general procedure A, (S)-3-azido-1-(4-bromophenyl)propanol (S)-11 (65.8 mg, 0.257
mmol, 2.0 equiv) was reacted with 5a-DHT 2 (35.9 mg. 0.124 mmol) to give D3 as a white amorphous
solid (54.9 mg, 0.106 mol, 86% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-2%
MeOH/CH.Cl,. Rs = 0.38 (4% MeOH/CH,Cl,); mp 195-199 °C; IR (neat) 3334, 1615, 1598 cm*; 'H
NMR (400 MHz, CDCls) & 7.47 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.3 Hz, 2H), 4.58 (dd, J = 9.9, 3.1 Hz,
1H), 4.10 (dd, J = 14.6, 10.9, 3.9 Hz, 1H), 3.71 (m, 1H), 3.64 (t, J = 8.6 Hz, 1H), 3.08 (dt, J = 14.3,4.4
Hz, 1H), 2.62-2.52 (m, 2H), 2.38 (m, 1H), 2.07 (m, 1H), 2.00-1.55 (complex, 6H), 1.49-1.20 (complex,
9H), 1.06 (m, 1H), 0.99-0.83 (m, 5H, contains s, 0.91, 3H), 0.74-0.67 (m, 4H, contains s, 0.74, 3H);
13C NMR (101 MHz, CDCl3) 6 177.2, 143.3, 131.5 (2C), 127.4 (2C), 120.9, 81.9, 69.4, 54.5, 52.5, 51.1,
49.8, 45.8, 42.9, 38.5, 38.0, 36.7, 36.2, 35.2, 32.1, 31.8, 30.6, 28.4, 23.5, 20.8, 12.2, 11.3. HRMS (FT-
|CR, HES|) m/z; [M + H]*calcd for CasH41NO3 518.2264, found 518.2254.

Me ©OH

Me

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D4

Following the general procedure A, (S)-3-azido-2-methylpropanol (S)-8 (27.4 mg, 0.238 mmol, 2.0
equiv) 5a-DHT 2 (36.2 mg, 0.125 mmol) was reacted with to give D4 as an off-white amorphous solid
(41.0 mg, 0.109 mol, 87% vyield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 50-100%
EtOAc/hexanes. R = 0.28 (4% MeOH/CH.CIl); mp 196-200 °C; IR (neat) 3312, 1607 cm?; *H NMR
(400 MHz, CDCls) 6 3.71 (dd, J = 14.0, 10.1, 1H), 3.65-3.58 (m, 2H), 3.43 (dd, J = 11.8, 3.1 Hz, 1H),
3.30 (dd, J = 11.8, 3.8 Hz, 1H), 2.86 (dd, J = 13.9, 4.4 Hz, 1H), 2.67 (t, J = 13.9 Hz, 1H), 2.50 (d, J =
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15.3 Hz, 1H), 2.37 (dd, J = 14.8, 7.5 Hz, 1H), 2.05 (m, 1H), 1.88 (m, 1H), 1.81 (m, 1H), 1.75-1.18
(complex, 13H), 1.04 (m, 1H), 0.97 (d, J = 6.9 Hz, 3H), 0.85-0.86 (m, 4H, contains s, 0.91, 3H), 0.76—
0.70 (m, 4H, contains s, 0.73, 3H); 3C NMR (126 MHz, CDCls) § 177.2, 81.9, 63.3, 54.2, 52.3, 51.1,
50.7,48.4,42.9, 38.5, 36.8, 35.9, 35.2, 34.3, 32.1, 31.5, 30.6, 28.5, 23.5, 20.7, 15.2, 12.4, 11.3. HRMS
(FT-ICR, HESI) m/z: [M + H]* calcd for C23sH4oNO3 378.3003, found 378.2996.

Me OH

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D5

Following the general procedure A, (R)-3-azido-3-phenylpropanol (R)-9 (44.4 mg, 0.251 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (36.3 mg, 0.125 mmol) to give D5 as a cream-colored amorphous
solid (49.5 mg, 0.113 mmol, 90% yield, UPLC/HRMS purity: >99.5%). Purification was carried by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-4%
MeOH/CH.Cl.. Rs = 0.40 (5% MeOH/CH,Cl,); mp 248-254 °C; IR (neat) 3344, 1613 cm™; 'H NMR
(400 MHz, CDCls) & 7.37-7.28 (m, 5H), 5.92 (ddd, J = 12.0, 5.1, 2.5 Hz, 1H), 3.57 (t, J = 8.5 Hz, 1H),
3.42 (td, J = 11.7, 2.9 Hz, 1H), 3.19 (dd, J = 15.3, 9.0 Hz, 1H), 2.69 (m, 1H), 2.49 (m, 1H), 2.37 (d, J
= 15.4 Hz, 1H), 2.12-1.84 (complex, 4H), 1.76 (m, 1H), 1.59-1.08 (complex, 8H), 1.03-0.74 (m, 7H,
contains s, 0.78, 3H), 0.66 (s, 3H) 0.52-0.44 (m, 2H), 0.37-0.22 (m, 2H); **C NMR (101 MHz, CDCls)
6 177.2,139.0, 129.0 (2C), 128.5 (2C), 128.1, 81.9, 58.5, 54.1, 52.8, 50.9, 48.8, 45.4, 42.8, 38.1, 36.7,
36.1,35.1,32.5,32.2,31.2,30.6, 27.2,23.4,20.6,12.1, 11.2. Note: APT, NOE (1D), HSQC and HMBC
are included in the spectra section. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CzsHsNO3
440.3159, found 440.3162.

Key "H NMR signals Key '3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals
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17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D6

Following the general procedure A, (S)-3-azidobutanol (S)-10 (29.5 mg, 0.256 mmol, 2.0 equiv) was
reacted with 5a-DHT 2 (36.5 mg, 0.126 mmol) to give D6 as a white amorphous solid (40.3 mg, 0.107
mmol, 85% yield, UPLC/HRMS purity: 96.3%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-5% MeOH/CHCl.. Rt =
0.20 (80% EtOAc/hexanes); mp 217-219 °C; IR (neat) 3357, 1620 cm™*; *H NMR (400 MHz, CDCls)
5 4.78 (m, 1H), 3.63 (t, J = 8.7 Hz, 1H), 3.51 (m, 1H), 3.29-3.22 (m, 2H), 2.69 (t, J = 14.2 Hz, 1H),
2.51-2.42 (m, 2 H, contains d, 2.49, J = 15.3 Hz, 1H), 2.49 (m, 1H), 1.89 (dd, J = 14.1, 7.5 Hz, 1H),
1.81 (dt, J =12.3, 3.4 Hz, 1H), 1.75-1.53 (m, 4H), 1.48-1.12 (complex, 13H, contains d, 1.17, J = 8.1
Hz, 3H), 1.04 (m, 1H), 0.97-0.84 (m, 5H, contains s, 0.91, 3H), 0.75-0.68 (m, 4H, contains s, 0.73,
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3H); 3C NMR (101 MHz, CDCls) & 177.4, 81.9, 58.6, 54.2, 51.1, 50.0, 45.6, 44.4, 42.9, 38.5, 36.7,
36.0, 35.5, 32.5, 31.6, 30.6, 27.5, 23.5, 20.7, 18.9, 12.3, 11.3. Note: Missing one carbon signal due to
signal overlap. APT, NOE (1D), HSQC and HMBC are included in the spectra section. HRMS (FT-
ICR, HESI) m/z: [M + H]* calcd for C23H4oNO3 378.3003, found 378.2989.

Key "H NMR signals Key "3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals
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17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D7

Following the general procedure A, (S)-2-azido-3-phenylpropanol (S)-14 (45.8 mg, 0.458 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (36.5 mg, 0.126 mmol) to give D7 as a white amorphous solid (42.0
mg, 0.096 mmol, 76% yield, LCMS purity: 96.0%) containing a slight impurity of minor regioisomer.
Purification was carried out by an automated MPLC system using a 12 g normal phase silica column
with gradient elution from 0—-4% MeOH/CH.Cl.. R = 0.28 (4% MeOH/CH:Cl,); mp 157-159 °C; IR
(neat) 3390, 1621 cm™; *H NMR (400 MHz, CDCls) § 7.32-7.27 (m, 2H), 7.24-7.19 (m, 2H), 4.68 (br
s, 1H), 3.74 (dd, J = 11.6, 3.6 Hz, 1H), 3.67-3.58 (m, 2H), 3.39 (dd, J = 15.6, 9.3 Hz, 1H), 2.992.82
(m, 2H), 2.66 (t, J = 13.9 Hz, 1H), 2.49-2.39 (m, 2H), 2.26 (m, 2H), 2.09-1.99 (m, 1H), 1.82-1.74 (m,
2H), 1.64-1.50 (m, 3H), 1.46-1.36 (m, 1H), 1.32-0.95 (complex, 7H), 0.89-0.76 (m, 4H, contains s,
0.81, 3H), 0.76-0.65 (m, 4H, contains s, 0.69, 3H), 0.42 (m, 1H); 3C NMR (151 MHz, CDCl3) § 178.0,
138.0, 128.8, 128.7, 126.7, 81.9, 64.1, 54.0, 51.0, 48.4, 42.9, 38.1, 36.7, 35.7, 35.0, 34.9, 32.6, 31.3,
30.6,28.1,23.4, 20.6, 12.2, 11.2. Note: Missing carbon two carbon signals due to signal overlap. HRMS
(FT-ICR, HESI) m/z: [M + H]* calcd for C2sHsNO3 440.3159, found 440.3154.

17p-Hydroxy-5a-androstane-derived A-Ring Thioamide, D8

Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (71.2 mg, 0.402 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (58.6 mg, 0.202 mmol) to give D8 as a white amorphous solid (41.2
mg, 0.090 mmol, 45% yield, UPLC/HRMS purity: 97.6%). Purification was carried out by an
automated MPLC system using a using 12 g normal phase silica column with gradient elution from 0-
40% EtOAc/hexanes. Ry = 0.42 (50% EtOAc/hexanes); mp 229-233 °C; IR (neat) 3428, 3302, 1520
cm'l; *H NMR (400 MHz, CDCls) 6 7.36 (m, 4H), 7.28 (m, 1H), 4.80 (ddd, J = 13.4, 10.1, 4.9 Hz, 1H),
4,73 (m, 1H), 3.96 (m, 2H), 3.70-3.62 (m, 2H), 3.21 (dd, J = 14.2, 7.1 Hz, 1H), 2.97 (t, J = 13.3 Hz,
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1H), 2.88 (d, J = 15.1 Hz, 1H), 2.11-2.02 (m, 4H), 1.84-1.72 (m, 2H), 1.66-1.55 (m, 2H), 1.50-1.19
(complex, 7H), 1.05 (m, 1H), 0.97-0.84 (m, 5H, contains s, 0.92, 3H), 0.76-0.69 (m, 4H, contains s,
0.74, 3H); *3C NMR (151 MHz, CDCls) § 206.2, 143.9, 128.6 (2C), 127.4, 125.5 (2C), 81.8, 70.1, 56.1,
54.4,54.1,51.0, 48.3, 42.9, 42.2, 38.2, 37.4, 37.3, 36.6, 35.1, 31.6, 30.6, 28.2, 23.4, 20.6, 12.6, 11.3.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH42NO,S 456.2931, found 456.2921.

17p-Hydroxy-5a-androstane-derived A-Ring Amine, D9

Method 1: Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (71.1 mg, 0.401
mmol, 2.0 equiv) was reacted with 5a-DHT 2 (58.9 mg, 0.203 mmol) to give D9 as pale yellow sticky
solid (43.1 mg, 0.101 mmol, 50% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column using MeOH/CHCl,. Rf = 0.15
(4% MeOH/CH.Cl,). HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH1sNO; [M + H]* 426.3367,
found 426.3357.

Method 2: D2 (97.0 mg, 0.221 mmol) was added to a stirring suspension of LAH (1M THF, 0.43 mL,
0.430 mmol, 2.0 equiv) in anhydrous THF (10 mL) at 0 °C. The reaction mixture was allowed to room
temperature, stirred for 4 h and then refluxed for 24 h. The reaction mixture was allowed to room
temperature and quenched with a saturated aqueous solution of sodium potassium tartarate (5 mL). The
biphasic mixture was stirred overnight. The biphasic mixture was diluted CH2Cl, (50 mL). The organic
layer was washed with aqueous solution of sodium potassium tartarate (2 x 5 mL), brine (5 mL), dried
over Na,SQq, filtered, and concentrated. Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column using MeOH/CH,CI; to give D9 as white foam solid (54.7 mg,
0.129 mmol, 58% yield, UPLC/HRMS purity: >99.5%). mp decomposed; IR (neat) 3337, 2920, 2848,
1448 cm; 'H NMR (400 MHz, CDCls) § 7.36 (m, 4H), 7.23 (m, 1H), 4.95 (dd, J = 6.9, 4.7 Hz, 1H),
3.63 (t, J = 8.5 Hz, 1H), 2.86-2.61 (complex, 5H), 2.35 (d, J = 13.6 Hz, 1H), 2.05 (m, 1H), 1.83-1.18
(complex, 17H), 1.04 (m, 1H), 0.98-0.82 (complex, 5H, contains s, 0.82, 3H), 0.76-0.67 (complex, 4H,
contains s, 0.73, 3H); *C NMR (101 MHz, CDCls) 6 145.4, 128.3 (2C), 126.9, 125.7 (2C), 82.1, 75.7,
58.3, 57.5, 55.3, 53.5, 51.3, 45.7, 43.0, 40.0, 38.3, 37.1, 35.4, 34.6, 31.7, 30.8, 28.9, 23.5, 22.0, 21.4,
14.0, 11.3. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CasHaNO, [M + H]* 426.3367, found
426.3356.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D10

Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (36.8 mg, 0.208 mmol, 2.1
equiv) was reacted with 5a-DHT 2 (29.0 mg, 0.100 mmol) to give D10 as white foam solid (39.6 mg,
0.093 mmol, 93% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an automated
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MPLC system using a 12 g normal phase silica column with gradient elution from 0-3%
MeOH/CH_Cl.. R; = 0.38 (4% MeOH/CH.Cl); mp decomposed; IR (neat) 3212, 1621 cm*; *H NMR
(400 MHz, CDCls) 6 7.34 (m, 2H), 7.25 (m, 3H), 3.67 (m, 2H), 3.47 (m, 2H), 2.68 (m, 3H), 2.55 (d, J
=15.5 Hz, 1H), 2.39 (m, 1H), 2.11 (m, 1H), 1.97-1.83 (complex, 4H), 1.79-1.59 (complex, 4H), 1.10
(m, 1H), 1.02-0.90 (complex, 5H, contains s, 0.95, 3H), 0.83-0.72 (complex, contains s, 0.79, 3H); $3C
NMR (101 MHz, CDCls) 6 175.3, 141.9, 128.5 (2C), 128.4 (2C), 126.0, 81.9, 54.2, 51.5, 51.1, 49.1,
48.0, 42.8, 38.3, 36.8, 36.0, 35.2, 33.4, 32.5, 31.5, 30.6, 30.3, 28.4, 23.4, 20.7, 12.2, 11.2. HRMS (FT-
ICR, HESI) m/z: [M + H]* calcd for C2sHsoNO, [M + H]* 424.3210, found 424.3202.

Me ©H

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D11

Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (71.0 mg, 0.401 mmol, 2.0
equiv) was reacted with 50-DHT 2 (58.3 mg, 0.201 mmol) to give D11 as a yellow amorphous solid
(67.9 mg, 0.146 mmol, 73% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a using 12 g normal phase silica column with gradient elution from 0—
80% EtOAc/hexanes. Rs = 0.34 (50% EtOAc/hexanes); mp 148-150 °C; IR (neat) 3353, 2094, 1624
cmt; *H NMR (400 MHz, CDCls) & 7.39-7.28 (m, 5H), 4.44 (t, J = 7.1 Hz, 1H), 3.61 (t, J = 8.5 Hz,
1H), 3.57-3.50 (m, 2H), 3.26 (dt, J = 13.7, 7.0 Hz, 1H), 2.51 (m, 1H), 2.44 (d, J = 15.4 Hz, 1H), 2.29
(m, 1H), 2.03 (m, 1H), 1.95 (q, J = 7.3 Hz, 2H), 1.87-1.67 (complex, 4H), 1.64-1.52 (m, 2H), 1.47—
1.17 (complex, 7H), 1.03 (m, 1H), 0.96-0.87 (m, 2H), 0.85 (s, 3H), 0.72-0.66 (complex, 4H, contains
s, 3H); ¥3C NMR (101 MHz, CDCls) & 175.4, 139.2, 129.0 (2C), 128.5, 127.0 (2C), 81.8, 64.3, 54.1,
51.8,51.0, 49.0, 45.9, 42.8, 38.2, 36.7, 35.9, 35.1, 34.6, 32.3, 31.4, 30.5, 28.4, 23.4, 20.7, 12.2, 11.2.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sHa1N4O, 465.3224, found 465.3223.

Me ©H

D12

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D12

Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (53.4 mg, 0.301 mmol, 2.0
equiv) was reacted with 50-DHT 2 (45.7 mg, 0.157 mmol) to give D12 as a yellow amorphous solid
(57.3 mg, 0.105 mmol, 67% yield, UPLC/HRMS purity: 94.2%). Purification was carried out by an
automated MPLC system using a using 12 g normal phase silica column with gradient elution from 0-
40% EtOAc/hexanes. Ry = 0.22 (50% EtOAc/hexanes); mp 149-153 °C; IR (neat) 3390, 1632 cm™; *H
NMR (400 MHz, CDCls) 6 7.26-7.16 (m, 5H), 7.11 (m, 2H), 7.00 (m, 2H), 4.04 (t, J = 7.2 Hz, 1H),
4.62 (t, J = 8.6 Hz, 1H), 3.46-3.52 (m, 3H), 2.46-2.35 (m, 2H), 2.28-2.22 (m, 4H, contains s, 2.28,
3H), 2.15-2.00 (m, 3H, contains g, 2.12, J = 7.3 Hz, 2H), 1.84-1.77 (m, 2H), 1.70-1.53 (complex, 5H),
1.47-1.16 (complex, 10H), 1.06-0.98 (m, 1H), 0.95-0.82 (m, 4H, contains s, 3H, 0.83), 0.72 (s, 3H),
0.66 (m, 1H); *C NMR (101 MHz, CDCls) 6 175.4, 141.8, 137.7, 133.4 (2C), 130.6, 129.6 (2C), 128.5
(2C), 127.9 (2C), 127.3,81.9,54.1,51.7,51.1, 49.0, 46.9, 42.9, 38.3, 36.8, 35.9, 35.2, 34.3, 32.3, 31.4,
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30.6, 28.4, 23.5, 21.3, 20.7, 12.2, 11.2. Note: Missing one carbon signal due to signal overlap. HRMS
(FT-ICR, HESI) m/z: [M + H]* calcd for CssHasNO,S 546.3400, found 546.3394.

Me OH

O3

H
D13

17p-Hydroxy-5a-androstane-derived A-Ring Thioamide, D13

Following the general procedure B, (R)-3-azido-3-phenylpropanol (R)-9 (73.4 mg, 0.414 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (58.9 mg, 0.203 mmol) to give D13 as a pale yellow amorphous
solid (54.5 mg, 0.120 mmol, 59% yield, UPLC/HRMS purity: >99.5%). Purification was carried out
using 12 g silica column with gradient elution from 0-50% EtOAc/hexanes. Ry = 0.34 (50%
EtOAc/hexanes); IR (neat) 3410, 3310, 1495, 1451 cm™; mp 243-245 °C; *H NMR (400 MHz, CDCls)
5 7.43-7.31 (m, 5H), 7.14 (dd, J = 12.0, 3.2 Hz, 1H), 3.74 (m, 1H), 3.60-3.45 (m, 3H), 3.36 (dd, J =
14.8, 7.8 Hz, 1H), 3.01 (m, 1H), 2.72 (dd, J = 14.9 Hz, 1H), 2.18 (m, 1H), 2.11-1.96 (m, 2H), 1.88 (m,
1H), 1.75 (dt, J = 12.3, 3.4 Hz, 1H), 1.56-1.07 (complex, 9H), 1.00-0.73 (complex, 6H, contains s,
0.78, 3H), 0.63 (s, 3H), 0.40 (m, 3H), 0.18 (m, 1H); *C NMR (151 MHz, CDCls) § 206.4, 138.1, 128.8
(2C), 128.7, 128.6 (2C), 81.9, 61.1, 58.1, 54.2, 50.8, 49.6, 47.9, 42.8, 42.3, 37.8, 37.2, 36.6, 35.0, 32.5,
31.1, 30.5, 27.1, 23.3, 20.5, 12.4, 11.2. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH4NO,S
456.2931, found 456.2920.

a0
O

LN3 D14
17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D14
Following the general procedure B, (R)-3-azido-3-phenylpropanol (R)-9 (71.6 mg, 0.404 mmol, 2.0
equiv) was reacted with 5a-DHT 2 (58.0 mg, 0.200 mmol) to give D14 as an orange amorphous solid
(60.5 mg, 0.130 mmol, 65% yield, UPLC/HRMS purity: 94.4%). Purification was carried out by an
automated MPLC system using a 12 g silica column with gradient elution from 0-60% EtOAc/hexanes.
R = 0.28 (50% EtOAc/hexanes); mp 228-235 °C; IR (neat) 3275, 2091, 1611 cm™; *H NMR (400
MHz, CDCls) & 7.34-7.28 (m, 5H), 5.93 (t, J = 7.7 Hz, 1H), 3.56 (t, J = 8.5 Hz, 1H), 3.42-3.25 (m,
3H), 2.64 (m, 1H), 2.49-2.42 (m, 2H, contains d, 1.57, J = 15.2 Hz, 1H), 2.14 (q, J = 7.5 Hz, 2H), 2.00
(m, 1H), 1.83 (m, 1H), 1.75 (m, 1H), 1.57-1.32 (m, 4H), 1.21-1.08 (m, 4H), 1.02-0.91 (m, 2H), 0.81—
0.73 (m, 4H), 0.66 (s, 3H), 0.56 (m, 1H), 0.39 (m, 1H), 0.34-0.20 (M, 2H); *C NMR (101 MHz, CDCls)
8 175.6, 139.2, 128.7 (2C), 128.3 (2C), 128.1, 81.9, 54.1, 53.2, 50.9, 49.1, 48.7, 45.2, 42.8, 38.1, 36.7,
36.1, 35.1, 32.6, 31.2, 30.6, 29.5, 27.6, 23.4, 20.6, 12.1, 11.2. HRMS (FT-ICR, HESI) m/z: [M + H]*
calcd for C2sHa1N4O2 465.3224, found 465.3217.
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17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D15

Following the general procedure B, (R)-3-azido-3-phenylpropanol (R)-9 (44.5 mg, 0.250 mmol, 2.0
equiv) was reacted with 50-DHT 2 (36.3 mg, 0.125 mmol) to give D15 as a cream-colored amorphous
solid (57.0 mg, 0.104 mmol, 83% yield, UPLC/HRMS purity: 97.5%). Purification was carried out
using 12 g silica column with gradient elution from 0-50% EtOAc/hexanes. Rs = 0.27 (50%
EtOAc/hexanes); IR (neat) 3400, 1625 cm™; mp decomposed; *H NMR (400 MHz, CDCls) § 7.30-7.21
(m, 7H), 7.07-7.05 (m, 2H), 5.89 (dd, J = 9.3, 6.1 Hz, 1H), 3.53 (t, J = 8.5 Hz, 1H), 3.19 (dd, J = 15.5,
8.9 Hz, 1H), 2.93-2.86 (m, 1H), 2.78-2.71 (m, 1H), 2.59 (t, J = 13.6 Hz, 1H), 2.42-2.37 (m, 1H), 2.28
(s, 3H), 2.19-2.05 (m, 2H), 1.98-1.93 (m, 1H), 1.79 (m, 1H), 1.71 (m, 1H), 1.53-1.05 (complex, 8H),
0.97-0.85 (m, 2H), 0.78-0.69 (m, 4H, contains s, 0.74, 3H), 0.62 (s, 3H), 0.52 (m, 1H), 0.34 (m, 1H),
0.23 (m, 2H); *C NMR (101 MHz, CDCls) 8 175.4, 139.6, 136.5, 132.5, 130.5, 129.9, 128.6, 128.4,
127.9, 81.9, 54.9, 54.1, 50.9, 48.7, 45.1, 42.8, 38.0, 36.7, 36.2, 35.1, 32.7, 31.5, 31.2, 30.6, 30.2, 27.6,
23.4,21.1, 20.6, 12.1, 11.1. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CssHsNO2S 546.3400,
found 546.3396.

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D16

Following the general procedure C, D2 (93.0 mg, 0.212 mmol) was oxidized to give D16 as a white
amorphous solid (68.6 mg, 0.157 mmol, 74% yield, UPLC/HRMS purity: 96.1%). Purification was
carried out by an automated MPLC system using a 12 g normal phase silica column with gradient
elution from 0-2% MeOH/CH.Cl,. Concentration of solvents afforded a slightly impure azasteroid,
which was subjected to a second purification on a 4 g normal phase silica column with gradient elution
0-80% EtOAc/hexanes. Ri = 0.20 (50% EtOAc/hexanes); mp 217-221 °C; IR (neat) 1723, 1676, 1644
cmt; *H NMR (400 MHz, CDCls) 6 7.98 (m, 2H), 7.57 (m, 1H), 7.47 (m, 2H), 3.82 (dt, J = 13.3, 6.6
Hz, 1H), 3.73-3.65 (m, 2H), 3.33-3.20 (m, 2H), 2.81 (d, J = 15.5 Hz, 1H), 2.60 (m, 1H), 2.43 (dd, J =
19.9, 8.3 Hz, 1H), 2.33 (dd, J = 14.4, 7.7 Hz, 1H), 2.10-2.01 (m, 1H), 1.94-1.75 (complex, 4H), 1.72—
1.67 (m, 1H), 1.54-1.43 (complex, 3H), 1.38-1.16 (complex, 6H), 0.97-0.89 (m, 4H, contains s, 0.89,
3H), 0.84 (s, 3H), 0.69 (1H); *C NMR (101 MHz, CDCls) 8 221.0, 199.2, 175.7, 136.9, 133.5, 128.8
(2C), 128.3 (2C), 54.1, 53.2, 51.4, 49.1, 47.6, 45.4, 38.4, 37.9, 36.0, 35.8, 34.7, 32.4, 31.6, 30.7, 28.0,
21.9, 20.4, 13.9, 12.3. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CsH3sNO3 436.2846, found
436.2851.

NaH,
THF, reflux

17p-Hydroxy-5a-androstane-derived A-Ring Lactam, D17

A solution of D16 (87.0 mg, 0.200 mmol) and sodium hydride (60% dispersion in mineral oil, 38.0 mg,
1.60 mmol, 4.8 equiv) in anhydrous THF (8.0 mL) was heated at 65 °C for 2 h. The reaction was cooled
to room temperature and quenched with a saturated solution of NH4Cl (5 mL). The reaction mixture
was diluted with CH,Cl, (20 mL) and washed with saturated solution of NH4CI (2 x 5 mL), H,O (5 mL)

62



and brine (5 mL). The combined organic layer was dried over anhydrous Na;SO. filtered, and
concentrated. The crude residue was purified by an automated MPLC system using a 12 g normal phase
silica column with gradient elution from 0-4% MeOH/CHCl,. Concentration of solvents afforded
product D17 as white amorphous solid (46.7 mg, 0.153 mmol, 76% vyield, UPLC/HRMS purity:
>99.5%). Rs = 0.25 (4% MeOH/CH.CIl,); mp decomposed; IR (neat) 3202, 3091, 1732, 1647 cm™. 'H
NMR (400 MHz, CDCls) 6 6.02 (br s, 1H), 3.39 (m, 1H), 2.60 (m, 2H), 2.44 (dd, J = 19.2, 8.9 Hz, 1H),
2.27 (m, 1H), 2.07 (m, 1H), 1.96-1.21 (complex, 16H), 1.00-0.79 (complex, 5H, contains s, 0.94, 3H;
s, 0.86, 3H); 3C NMR (151 MHz, CDCl3) 6 220.9, 178.5, 54.0, 51.5, 49.8, 47.6, 44.6, 39.0, 36.0, 35.4,
34.8, 31.7, 31.4, 30.7, 27.6, 21.9, 20.4, 13.9, 12.2. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for
C19H30NO; 304.2271, found 304.2270.

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, E1

Following the general procedure A, (S)-3-azido-1-phenylpropanol (S)-7 (105 mg, 0.593 mmol, 2.0
equiv) was reacted with 5p-DHT 3 (87.6 mg, 0.302 mmol) to give E1 a white amorphous solid (117
mg, 0.267 mmol, 89% yield, UPLC/HRMS npurity: 97.6%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-2%
MeOH/CH.Cl,. Rs = 0.35 (4% MeOH/CH.Cl); mp 79-101 °C; IR (neat) 3374, 1616 cm™; *H NMR
(400 MHz, CDCls) 6 7.38-7.30 (m, 4H), 7.25-7.22 (m, 1H), 4.63 (dd, J = 9.8, 3.2 Hz, 1H), 4.04 (ddd,
J=145,10.5,4.2 Hz, 1H), 3.66 (t, J = 8.5 Hz, 1H), 3.53 (dd, J = 15.4, 10.5 Hz, 1H), 3.15 (dt, J = 14.1,
4.7 Hz, 1H), 3.08-2.97 (m, 2H), 2.13-2.03 (m, 2H, contains d, J = 14.4 Hz, 1H), 1.99-1.75 (complex,
5H), 1.60 (m, 1H), 1.48-1.21 (complex, 10H), 1.15-1.01 (m, 5H, contains s, 1.01, 3H), 0.95-0.83 (m,
1H), 0.75 (s, 3H); **C NMR (151 MHz, CDCls) 6 176.8, 144.3, 128.5 (2C), 127.2, 125.7 (2C), 82.0,
70.2,51.1,45.9, 445, 43.2, 42.2, 41.0, 40.0, 39.3, 37.6, 37.1, 37.0, 36.0, 30.8, 29.9, 25.7, 24.2, 23.5,
21.0, 11.3. Note: HSQC and HMBC are included in the spectra section. HRMS (FT-ICR, HESI) m/z:
[M + H]* calcd for CasH4:NO3 440.3159, found 440.3148.

Key 'H NMR signals Key '3C NMR signals Key HSQC signals Key HMBC
3.53 (dd), 445 i
3.08-2.97 (m)
1.01 (s)
/ S X
4.63 (dd)
g N g H
4.04 gddd), 3.08-2.97 (m),
3.15 (dt) 2.13-2.03 (d)

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, E2

Following the general procedure A, (R)-3-azido-3-phenylpropanol (R)-9 (43.8 mg, 0.247 mmol, 2.0
equiv) was reacted with 58-DHT 3 (36.1 mg, 0.124 mmol) to give E2 as a white amorphous solid (49.1
mg, 0.112 mmol, 90% yield, UPLC/HRMS purity: 97.7%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
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MeOH/CH_Cl.. Rs = 0.38 (5% MeOH/CH:Cl,); IR (neat) 3369, 1615 cm™; mp decomposed; *H NMR
(400 MHz, CDCls) 6 7.37-7.26 (m, 5H), 5.97 (dd, J = 12.4, 3.3 Hz, 1H), 3.72 (ddd, J = 12.0, 5.1, 2.6
Hz, 1H), 3.63 (t, J = 8.5 Hz, 1H), 3.44 (td, J = 11.6, 2.9 Hz, 1H), 3.17 (dd, J = 15.5, 11.9 Hz, 1H), 3.03
(dd, J=15.2,8.0 Hz, 1H), 2.45 (br s, 1H), 2.27 (d, J = 15.4 Hz, 1H), 2.18-2.01 (m, 2H), 1.97-1.75 (m,
4H), 1.61-1.53 (m, 1H), 1.49-0.97 (complex, 12H), 0.94-0.77 (m, 5H, contains s, 0.82, 3H), 0.69 (s,
3H); C NMR (151 MHz, CDCl3) § 176.7, 138.9, 128.7, 128.5, 127.9, 81.9, 58.6, 52.8, 51.0,43.1,42.7,
40.2, 39.6, 38.9, 38.2, 36.9, 36.7, 35.9, 31.9, 30.7, 29.7, 25.6, 23.4, 20.9, 11.3. Note: Missing one carbon
signal due to signal overlap. NOE (1D), HSQC and HMBC are included in the spectra section. HRMS
(FT-ICR, HESI) m/z: [M + H]" for C2sH12NO3440.3159, found 440.3180.

Key "H NMR signals Key 3C NMR signals Key NOE (1D) signals Key HSQC Key HMBC signals

3.72 (ddd), 3.44 (td)  0.82 (s) 58.6 kignals
3.03 (dd),
Ho| 2.73 (dd

3.17 (dd), 2.27 (d) 176.8 39.6

17p-Hydroxy-5p-androstane-derived A-Ring Thioamide, E3

Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (73.5 mg, 0.415 mmol, 2.1
equiv) was reacted with 58-DHT 3 (58.9 mg, 0.203 mmol) to give E3 as a pale yellow foam solid (57.7
mg, 0.127 mmol, 62% yield, UPLC/HRMS purity: 98.0%). Purification was carried out using 12 g silica
column with gradient elution from 0-50% EtOAc/hexanes. Rt = 0.33 (50% EtOAc/hexanes); IR (neat)
3425, 3312, 1495, 1451 cm™; 'H NMR (400 MHz, CDCls) & 7.38-7.32 (m, 4H), 7.29-7.25 (m, 1H),
4.75-4.64 (m, 2H), 3.85 (m, 2H), 3.74 (m, 1H), 3.65 (m, 1H), 3.46 (dd, J = 13.8, 11.2 Hz, 1H), 3.26
(dd, J=15.2, 7.0 Hz, 1H), 2.92 (d, J = 13.8 Hz, 1H), 2.16-1.89 (complex, 4H), 1.85 (m, 1H), 1.77 (m,
1H), 1.64-1.02 (complex, 11H), 1.00 (s, 3H), 0.86 (m, 2H), 0.75 (s, 3H); **C NMR (151 MHz, CDCls)
5 206.2, 143.9, 128.6 (2C), 127.5, 125.7 (2C), 82.0, 70.3, 53.9, 51.1, 49.2, 48.6, 43.2, 42.8, 41.6 (br),
38.4,37.1,37.0, 36.9, 35.9, 30.8, 30.2, 25.7, 24.8 (br), 23.5, 21.0, 11.3. Note: Two broad carbon signals
were consistently observed amongst cis-AB analogs. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for
C2sH42NO,S 456.2931, found 456.2920.

Y
G

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, E4

Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (69.9 mg, 0.394 mmol, 2.0
equiv) was reacted with 5p-DHT 3 (58.2 mg, 0.200 mmol) to give E4 as a cream-colored amorphous
solid (76.1 mg, 0.164 mmol, 82% yield, UPLC/HRMS purity: 98.8%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-50%
EtOAc/hexanes. R = 0.25 (50% EtOAc/hexanes); mp 137-142 °C; IR (neat) 3393, 2094, 1628 cm™; H
NMR (400 MHz, CDCls3) 6 7.41-7.30 (m, 5H), 4.45 (t, J = 7.2 Hz, 1H), 3.65 (t, J = 8.6 Hz, 1H), 3.62—
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3.55 (m, 1H), 3.37 (dd, J = 15.2, 10.2 Hz, 1H), 3.26 (m, 1H), 3.02-2.92 (m, 2H), 2.12-2.03 (m, 2H,
contains d, 2.06, J = 14.7 Hz, 1H), 1.97 (q, J = 7.3 Hz, 2H), 1.92-1.82 (m, 2H), 1.73 (m, 1H), 1.63-
1.58 (m, 1H), 1.47-1.20 (complex, 10H), 1.13-0.96 (m, 5H, contains s, 0.98, 3H), 0.92-0.82 (m, 1H),
0.74 (s, 3H); *°C NMR (101 MHz, CDCls) & 175.0, 139.4, 129.0 (2C), 128.5, 127.0 (2C), 82.0, 64.4,
51.0, 45.9, 44.0, 43.2 (br), 42.6, 40.6, 39.7, 39.6, 37.0, 36.9, 36.0, 34.5, 30.8, 29.9, 25.7, 23.8 (br), 23.5,
21.0, 11.3. Note: Two broad carbon signals were consistently observed amongst cis-AB analogs.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sHa1N4O, 465.3224, found 465.3254.

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, E5

Following the general procedure B, (S)-3-azido-1-phenylpropanol (S)-7 (53.0 mg, 0.299 mmol, 2.0
equiv) was reacted with 53-DHT 3 (43.9 mg, 0.151 mmol) to give E5 as a white crystalline solid (46.1
mg, 0.084 mmol, 56% yield, UPLC/HRMS purity: 98.6%). Purification was carried out using 12 g silica
column with gradient elution from 0—40% EtOAc/hexanes. Rt = 0.33 (50% EtOAc/hexanes); IR (neat)
3380, 1621 cm; mp 142-147 °C;*H NMR (400 MHz, CDCls) 6 7.26-7.17 (m, 5H), 7.13 (m, 2H), 7.00
(m, 2H), 4.04 (t, J = 7.2 Hz, 1H), 3.65 (t, J = 8.5 Hz, 1H), 3.46-3.29 (m, 2H), 3.23 (dd, J = 10.4, 15.2
Hz, 1H), 2.90-2.81 (m, 2H), 2.28 (s, 3H), 2.18-2.04 (m, 3H), 1.99 (d, J = 14.6 Hz, 1H), 1.89-1.75 (m,
3H), 1.68-1.54 (m, 2H), 1.47-0.94 (complex, 11H), 0.94 (s, 3H), 0.91-0.78 (m, 1H), 0.73 (s, 3H); **C
NMR (101 MHz, CDCls) 6 175.0, 141.8, 137.8, 133.6 (2C), 130.7, 129.6 (2C), 128.5 (2C), 127.9 (2C),
127.3, 82.0, 52.0, 51.1, 47.0, 43.8, 43.2, 42.3 (br), 40.5, 39.6, 39.5, 37.0, 36.9, 35.9, 34.0, 30.8, 29.8,
25.7, 23.8 (br), 23.5, 21.3, 21.0, 11.3. Note: Two broad carbon signals were consistently observed
amongst cis-AB analogs. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CssH4sNO>S 546.3400, found
546.3394.

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, F1

Following the general procedure A, (R)-3-azido-1-phenylpropanol (R)-7 (44.3 mg, 0.250 mmol, 2.0
equiv) was reacted with 58-DHT 3 (36.6 mg, 0.126 mmol) to give F1 as a white amorphous solid (45.9
mg, 0.104 mmol, 83% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-3.5%
MeOH/CH,Cly. Rs = 0.44 (5% MeOH/CH.Cl,); mp 79-101 °C; IR (neat) 3367, 1626 cm™; *H NMR
(400 MHz, CDCl3) 6 7.36-7.32 (m, 4H), 7.27-7.23 (m, 1H), 4.63 (dd, J = 9.6, 3.4 Hz, 1H), 4.10-4.01
(m, 2H), 3.66 (t, J = 8.5 Hz, 1H), 3.14 (dt, J = 14.1, 4.7 Hz, 1H), 2.74 (d, J = 15.4 Hz, 1H), 2.56 (dd, J
=15.0, 11.8 Hz, 1H), 2.29 (m, 1H), 2.07 (m, 1H), 1.95-1.79 (complex, 5H), 1.62-1.21 (complex, 11H),
1.18-1.09 (m, 1H), 1.06-0.99 (m, 4H, contains s, 1.02, 3H), 0.91-0.75 (m, 5H, contains s, 0.75, 3H);
13C NMR (151 MHz, CDCls) 8177.2, 144.2,128.5 (2C), 127.3, 125.7 (2C), 81.9, 70.3, 52.4, 51.0, 45.9,
45.6,43.2,37.9,37.1,37.0, 36.0, 34.4, 30.7, 28.8, 26.6, 24.3, 23.5, 20.7, 11.3. Note: Missing two carbon
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signals due to signal overlap. COSY, NOE (1D), HSQC and HMBC are included in the spectra section.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CasH4NO3440.3159, found 440.3136.

Key "H NMR signals Key '3C NMR signals Key NOE (1D) signal Key HSQC signals Key HMBC signals

2.56 édd), 30.7. #23.5

1.02(s)
2.29 m)% 1772 0 _Me [
e} o
N—t 70.4\ N— 2
HOH%,\/ 4.:(»\4.01 (m), HOH[/\\ 455
/ @ 2.74 (d)

4.10-4.01 (m),

5o

4.63 (dd)

(dt) 459 524

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, F2

Following the general procedure A, (S)-3-azido-3-phenylpropanol (S)-9 (44.0 mg, 0.248 mmol, 2.0
equiv) was reacted with 58-DHT 3 (36.6 mg, 0.126 mmol) to give F2 as a white amorphous solid (48.1
mg, 0.109 mmol, 87% yield, UPLC/HRMS npurity: 98.8%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CHCl,. Rs = 0.38 (5% MeOH/CH,Cl,); mp 223-227 °C; IR (neat) 3355, 1633 cm™; 'H NMR
(400 MHz, CDCls) 6 7.36-7.27 (m, 5H), 5.87 (dd, J = 12.2, 3.3 Hz, 1H), 3.73 (ddd, J = 12.1, 5.0, 2.6
Hz, 1H), 3.64-3.56 (m, 2H), 3.42 (td, J = 11.6, 2.9 Hz, 1H), 2.67 (dd, J = 15.3, 12.3 Hz, 1H), 2.57 (d,
J=15.2 Hz, 1H), 2.36 (dd, J = 15.4, 8.2 Hz, 1H), 2.11-1.79 (complex, 5H), 1.54-0.94 (complex, 13H),
0.79 (s, 3H), 0.69-0.53 (m, 5H, contains s, 0.69, 3H); *C NMR (151 MHz, CDCls) § 177.5, 138.8,
128.6 (2C), 128.4 (2C), 127.9, 81.7,58.2,52.7,50.8, 44.9, 44.4, 43.0, 41.1, 36.7, 35.6, 34.1, 31.8, 30.7,
30.4, 27.4, 26.2, 24.2, 23.2, 20.3, 11.0. Note: Missing one carbon signal due to signal overlap. NOE
(1D), HSQC and HMBC have been included in the spectra section. HRMS (FT-ICR, HESI) m/z: [M +
H]* calcd for C2sH42NO3440.3159, found 440.3178.

Key "H NMR signals Key "3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals

2.67 (dd), 2.36 (dd) 307
NG Me [~ [1775

o

HO
ﬂyN H
3.73 (ddd), 7" \).79 )

58.2

3.42 (y @
3.64-3.5
2

5.87 (dd) 52.7

17p-Hydroxy-5p-androstane-derived A-Ring Thioamide, F3

Following the general procedure B, (S)-3-azido-3-phenylpropanol (S)-9 (72.0 mg, 0.406 mmol, 2.0
equiv) was reacted with 5-DHT 3 (58.2 mg, 0.200 mmol) to give F3 as a pale-yellow amorphous solid
(71.6 mg, 0.156 mmol, 78% yield, UPLC/HRMS purity: >99.5%). Purification was carried out using
12 g silica column with gradient elution from 0-40% EtOAc/hexanes. Ri = 0.28 (50% EtOAc/hexanes);
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mp 226 °C (decomposed); IR (neat) 3366, 1501, 1446 cm™; *H NMR (400 MHz, CDCl3) § 7.41-7.31
(m, 5H), 7.08 (dd, J = 10.7, 4.4 Hz, 1H), 3.85 (dd, J = 14.8, 10.2 Hz, 1H), 3.74 (m, 1H), 3.61 (m, 2H),
3.50 (m, 1H), 3.21 (dd, J = 15.1, 8.3 Hz, 1H), 2.98 (dd, J = 15.0, 11.8 Hz, 1H), 2.92 (d, J = 14.8 Hz,
1H), 2.21-1.99 (m, 3H), 1.93 (dd, J = 15.1, 8.4 Hz, 1H), 1.03 (m, 1H), 1.55-0.83 (complex, 11H), 0.74
(s, 3H), 0.72-0.57 (m, 2H), 0.69 (s, 3H), 0.39 (m, 1H); 3C NMR (151 MHz, CDCls) & 207.0, 138.2,
128.8 (2C), 128.7,128.4 (2C), 81.9, 61.2, 58.3,51.0, 49.5, 44.0, 43.2, 41.5, 40.9, 36.9, 36.6, 35.8, 34.9,
32.4, 30.6, 27.5, 26.3, 24.4, 23.4, 20.6, 11.2. Note: Two broad carbon signals were consistently
observed amongst cis-AB analogs. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CasH42NO,S [M +
H]* 456.2931, found 456.2924.

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, F4

Following the general procedure B, (S)-3-azido-3-phenylpropanol (S)-9 (69.7 mg, 0.393 mmol, 2.0
equiv) was reacted with 58-DHT 3 (58.2 mg, 0.200 mmol) to give F4 as an orange amorphous solid
(77.9 mg, 0.168 mmol, 84% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-40%
EtOAc/hexanes. Ry = 0.22 (50% EtOAc/hexanes); mp 174-178 °C; IR (neat) 3396, 2095, 1628 cm™; H
NMR (400 MHz, CDCls) 8 7.35-7.27 (m, 5H), 5.88 (m, 1H), 3.70 (dd, J = 15.3, 10.1 Hz, 1H), 3.63 (t,
J=8.5Hz, 1H), 3.41 (m, 1H), 3.29 (m, 1H), 2.68-2.58 (m, 2H), 2.32 (dd, J = 14.9, 8.5 Hz, 1H), 2.21-
2.11 (m, 2H), 2.04 (m, 1H), 1.88-1.79 (m, 2H), 1.56-0.93 (complex, 13H), 0.85-0.79 (m, 4H, contains
s,0.77, 3H), 0.69 (s, 3H), 0.53 (m, 1H); **C NMR (101 MHz, CDCl3) § 175.8, 139.1, 128.7 (2C), 128.2
(2C), 128.1, 81.9, 53.6, 51.0, 49.1, 45.1, 44.7, 43.2, 41.4 (br), 36.94, 36.97, 35.9, 34.2, 31.1, 30.7, 29.5,
27.9, 26.4, 24.1 (br), 23.4, 20.6, 11.2. Note: Two broad carbon signals were consistently observed
amongst cis-AB analogs. HRMS (FT-ICR, HESI) m/z: [M + H]" calcd for C2sH41N4O 465.3224, found
465.3213.

o H
N—"4
S
Me

F5

17p-Hydroxy-5p-androstane-derived A-Ring Lactam, F5

Following the general procedure B, (S)-3-azido-3-phenylpropanol (S)-9 (51.0 mg, 0.288 mmol, 2.0
equiv) was reacted with 5B-DHT 3 (46.6 mg, 0.160 mmol) to give F5 as a white crystalline solid (66.8
mg, 0.122 mmol, 76% yield, UPLC/HRMS: 99.0%). Purification was carried out using 12 g silica
column with gradient elution from 0-40% EtOAc/hexanes. Ri = 0.20 (40% EtOAc/hexanes); mp 212—
215 °C; IR (neat) 3406, 1628 cm™; *H NMR (400 MHz, CDCls3) 8 7.32-7.23 (m, 7H), 7.09 (m, 2H),
5.89 (m, 1H), 3.67-3.61 (m, 2H), 2.94 (m, 1H), 2.79 (m, 1H), 2.64-2.57 (m, 2H), 2.42-2.31 (m, 4H
contains s, 2.31, 3H), 2.24-2.12 (m, 2H), 2.05 (m, 1H), 1.87-1.79 (m, 3H), 1.57-0.95 (complex, 11H),
0.88-0.74 (m, 4H, contains s, 0.76, 3H), 0.70-0.60 (4H, contains s, 0.70, 3H), 0.49 (m, 1H); *°C NMR
(101 MHz, CDCls) 6 175.8, 139.4, 136.4, 132.4, 130.4 (2C), 129.9 (2C), 128.6 (2C), 128.2 (2C), 128.0,
82.0, 55.3, 51.1, 45.0, 44.6, 43.2, 41.5 (br), 37.0, 36.9, 35.9, 34.1, 31.4, 30.9, 30.7, 30.1, 27.9, 26.4,
24.0 (br), 23.5, 21.2, 20.6, 11.2. Note: Two broad carbon signals were consistently observed amongst
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cis-AB analogs. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CssHisNO,S 546.3400, found
546.3414.

Characterization and regiochemistry discussion for D-ring library members

N-OH

NH,OHeHCI, NaOAc,
EtOH, reflux

SOCly, THF,
0°Ctort

Synthesis of Beckl
Intermediate S12 was prepared following a previously published procedure?”?8. Characterization data
were consistent with reported data.!! UPLC/HRMS purity: >99.5%.

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, Beck1'?

Following the literature procedure?®, to a solution of S12 (106 mg, 0.349 mmol) in anhydrous THF (7.0
mL, 0.05 M) at 0 °C was added SOCI; (0.25 mL, 10.0 equiv). The reaction mixture was stirred for 2 h
at 0 °C, and stirred at room temperature overnight. The reaction mixture was terminated with a saturated
aqueous solution of NaHCOj3; (20 mL) and H2O (15 mL). The aqueous layer was extracted with CH2Cly,
and the combined organic layers were washed with a solution of saturated NaHCOs, H20, brine, dried
over Na,SQq, filtered, and concentrated. Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column with gradient elution of 0-5% MeOH/CHCl,. Concentration
of appropriate fractions afforded product as a cream-colored amorphous solid (53.0 mg, 0.174 mmol,
50% yield, UPLC/HRMS purity: >99.5%). Rt = 0.19 (3% MeOH/CH:Cl;); mp 286-294 °C
(decomposed); IR (neat) 3155, 3038, 1654 cm™; *H NMR (400 MHz, CDCl3) § 6.18 (s, 1H), 3.59 (m,
1H), 2.50-2.29 (m, 2H), 2.24 (br s, 1H), 1.95-1.76 (m, 3H), 1.73-1.63 (m, 3H), 1.59 (m, 1H), 1.50—
1.16 (complex, 9H), 1.17-1.07 (complex, 4H, contains s, 1.14, 3H), 1.02—0.80 (complex, 3H), 0.79 (s,
3H); C NMR (101 MHz, CDCls) § 172.2, 71.2, 54.79, 53.82, 47.8, 44.4, 40.2, 38.0, 36.9, 35.9, 35.7,
31.5,30.9,30.6,28.5, 22.3,21.3,19.9, 12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C19H32NO;
306.2428, found 306.2424.

TsOH, Ac,0,
Hw, 80 °C, 8 min

NH,OHeHCI, NaOAc,
EtOH, reflux

SOCl,, THF,
0°Ctort

AcO

Synthesis of Beck2
Intermediate S13 was prepared and characterization data were consistent with reported data.*?

3p-Acetoxy-Sa-hydroxyandrostan-17-one Oxime, S14

Intermediate S14 was prepared following a previously published procedure?’?® as described. To a
solution of S13 (598 mg, 1.80 mmaol), NH>OH*HCl (500 mg, 7.20 mmol, 4.0 equiv), NaOAc (591 mg,
7.20 mmol, 4.0 equiv) in anhydrous EtOH (9.0 mL, 0.2 M) was refluxed for 6 h. EtOH was removed
under a stream of nitrogen, and the residual crude was dissolved in H,O (40 mL). The aqueous layer
was extracted with Et;O (3 x 15 mL), filtered, and concentrated. Purification was carried by an
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automated MPLC system using a 24 g normal phase silica column with gradient elution of 0-30%
EtOAc/hexanes. Concentration of fractions afforded product as a white amorphous solid (548 mg, 1.58
mmol, 88% yield, UPLC/HRMS purity: >99.5%). Rs = 0.44 (30% EtOAc/hexanes); mp 186-188 °C;
IR (neat) 3456, 1714 cm'; *H NMR (400 MHz, CDCls) & 4.68 (m, 1H), 2.62-2.45 (m, 2H), 2.03-1.99
(complex, 4H, contains s, 2.02, 3H), 1.86-1.80 (m, 3H), 1.76-1.71 (m, 2H), 1.67-1.59 (m, 2H), 1.55-
1.15 (complex, 9H), 1.09-0.91 (complex, 5H, contains s, 0.93, 3H), 0.84 (s, 3H), 0.76-0.70 (m, 1H);
13C NMR (101 MHz, CDCls) 8 173.9, 170.8, 73.7, 54.3, 54.0, 44.7, 36.8, 35.8, 34.9, 34.1, 33.9, 31.5,
28.4, 27.6, 26.1, 23.1, 21.6, 20.8, 17.1, 12.3. Note: Missing one carbon signal due to signal overlap.
HRMS (FT-ICR, HESI) m/z: [M + H]" calcd for C21H3sNO3 348.2533, found 348.2528.

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, Beck2

Following a literature procedure?, to a solution of S14 (139 mg, 0.400 mmol) in anhydrous THF (5.0
mL) at 0 °C was added SOCI; (0.29 mL, 10.0 equiv). The reaction mixture was stirred for 2 h at 0 °C,
and stirred at room temperature overnight. The reaction mixture was terminated with saturated aqueous
solution of NaHCOs (20 mL) and H.O (15 mL). The aqueous layer was extracted with CH,Cl., and the
combined organic layers were washed with a solution of saturated NaHCOs, H-O, brine, dried over
Na>SOq, filtered, and concentrated. Purification was carried out by an automated MPLC system using
a 12 g normal phase silica column with gradient elution of 0-2% MeOH/CHCl,. Concentration of
fractions afforded product as a cream-colored amorphous solid (60.9 mg, 0.175 mmol, 44% vyield,
UPLC/HRMS purity: 98.0%). Rt = 0.25 (2% MeOH/CH,CI;); mp decomposed; IR (neat) 3186, 3055,
1731, 1673 cm!; *H NMR (400 MHz, CDCl3) 6 5.91 (br s, 1), 4.69 (m, 1H), 2.50-2.30 (m, 2H), 2.02
(s, 3H), 1.96-1.61 (complex, 7H), 1.55-1.17 (complex, 10H), 1.15 (s, 3H), 1.04 (m, 1H), 0.96-0.79
(complex, 5H, contains s, 0.81, 3H); **C NMR (101 MHz, CDCls) § 172.0, 170.8, 73.5, 54.70 53.7,
47.7,44.3, 40.2, 36.6, 35.9, 35.7, 33.9, 30.8, 30.7, 28.4, 27.5, 22.4, 21.6, 21.3, 19.9, 12.3. HRMS (FT-
ICR, HESI) m/z: [M + H]* calcd for C21H34NO3; 348.2533, found 348.2532.

"¢

LDA, HMPA,
THF, -78 °C to rt
_

TBSCI, imidazole,
DMAP, DMF

S17 Intra1

Intramolecular Schmidt reaction of trans-androsterone 4 and 5

Intermediate  3p-(tert-butyldimethylsilyl)oxy)-epiandrosterone S15 was prepared following a
previously published procedure.}** Characterization data were consistent with reported data (mp 162—
164 °C). 1130

3B-((tert-Butyldimethylsilyl)oxy)-16a-(3'-chloropropyl)-5a-androstan-17-one, S16

Following a literature procedure®, S16 was prepared as described: To a cooled 1.0 M LDA solution
(260 uL, 1.82 mmol, 1.2 equiv) in anhydrous THF (15.0 mL, 0.1 M) at —78 °C was added S15 (609 mg,
1.51 mmol) cautiously. The reaction mixture was allowed to —10 °C and stirred for 1 h. To the pale
yellow solution, HMPA (1.10 mL, 6.32 mmol, 4.2 equiv) was added followed by 1-chloro-3-
iodopropane (240 pL, 2.24 mmol, 1.5 equiv). The pale yellow solution was stirred at —10 °C for 1 h,
warmed to room temperature, and stirred overnight. The reaction mixture was quenched with a solution
of saturated NH4CI (40 mL) and H2O (20 mL). The aqueous layer was extracted with Et,O (3 x 30 mL).
The combined organic layer was washed with brine (15 mL), dried over Na,SQO,, filtered, and
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concentrated. Purification was carried out by an automated MPLC system using a 24 g normal phase
silica column with gradient elution of 0—-40% CH:Clz/hexanes. Fractions containing mixtures of S15
and S16 were subjected to a second automated purification using the same gradient. Concentration of
fractions afforded product as a white amorphous solid (578 mg, 1.20 mmol, 80% yield). R¢=0.80 (100%
CH.Cl,); Rf = 0.58 (30% CH.Cl,/hexanes); IR (neat) 1736 cm™*; *H NMR (400 MHz, CDCl3) § 3.58—
3.48 (m, 3H), 2.42 (m, 1H), 1.93-1.16 (complex, 18H), 1.08 (m, 1H), 0.99-0.77 (complex, 19H,
contains s, 0.89, 3H; s, 0.88, 9H; s, 0.82, 3H), 0.66 (m, 1H), 0.05 (s, 6H); **C NMR (101 MHz, CDCls)
5222.1,72.1,54.7,49.5,48.7,45.2,45.0,44.2, 38.8,37.3, 35.9, 35.2, 32.0, 31.9, 31.3, 31.0, 28.8, 28.6,
28.0, 26.1 (3C), 20.5, 18.4, 14.7, 12.5, -4.4 (2C). Note: HMBC and NOE (1D) have been included in
the spectra section. HRMS (FT-ICR, APCI) m/z: [M + H]* calcd for CxHsoCIlO,Si 481.3263, found
481.3259.

Key "H and '*C NMR signals Key HMBC and NOE signals
0.89(s) 2221 242 (m)

16a-(3'-Azidopropyl)-3p-((tert-butyldimethylsilyl)oxy)-5a-androstan-17-one, S17

Following a literature procedure®, S17 was prepared as described. A mixture of S16 (482 mg, 1.00
mmol), Nal (300 mg, 2.00 mmol, 2.0 equiv), NaNsz (195 mg, 3.00 mmol, 3.0 equiv) in anhydrous DMF
(10.0 mL, 1.0 M) was stirred at 80 °C overnight. The reaction mixture was quenched with H,O (50 mL).
The agueous layer was extracted with Et,O (3 x 30 mL). The combined organic layer was washed with
H>0 (3 x 15 mL), brine (15 mL), dried over Na,SOs, filtered, and concentrated. Purification was carried
out by an automated MPLC system using a 24 g normal phase silica column with gradient elution of 0—
6% EtOAc/hexanes. Concentration of fractions afforded product as a white amorphous solid (433 mg,
0.887 mmol, 89% yield) containing a minor unidentified impurity. The intermediate was used in the
next step without further purification. R = 0.36 (4% EtOAc/hexanes); mp 82—-86 °C; IR (neat) 2092,
1733 cm?; *H NMR (400 MHz, CDCls) & 3.54 (m, 1H), 3.33-3.20 (m, 2H), 2.41 (m, 1H), 1.82-1.16
(complex, 18H), 1.08 (m, 1H), 0.99-0.87 (complex, 16H, contains s, 0.89, 3H; s, 0.88, 9H), 0.82 (s,
3H), 0.66 (m, 1H), 0.05 (s, 6H); *C NMR (101 MHz, CDCls) § 222.0, 72.1, 54.7,51.5, 49.5, 48.6, 45.2,
44.4,38.7, 37.3, 35.8, 35.2, 32.0, 31.9, 31.0, 28.6, 28.5, 27.9, 27.6, 26.1 (3C), 20.5, 18.4, 14.7, 125, -
4.397, -4.405. HRMS (FT-ICR, APCI) m/z: [M — N2+ H]* calcd for C22HsoN30-Si 460.3605, found
460.3600.

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, Intral

Following a literature procedure®, Intral was prepared as described. To a solution of S17 (48.5 mg,
0.099 mmol) in HFIP (0.5 mL) at 0 °C under nitrogen atmosphere was added TiCls (1.0 M in CHCl,,
149 pL, 0.149 mmol, 1.5 equiv). The vial was capped, and the reaction mixture was stirred at room
temperature for 24 h. The reaction mixture was concentrated under a stream of nitrogen. The residue
was diluted with CH,Cl,, washed with a solution of saturated NH.CI (2 x 5 mL), solution of saturated
NaHCOs (5 mL), brine (5 mL), dried over Na,SO., filtered, and concentrated. Purification was carried
out by an automated MPLC system using a 12 g normal phase silica column with gradient elution of 0—
4% MeOH/CH:Cl,. Concentration of fractions afforded product as a white amorphous solid (28.7 mg,
0.083 mmol, 84% yield, UPLC/HRMS purity: 96.5%). R = 0.25 (2% MeOH/CH,Cl>); mp 199-209 °C;
IR (neat) 3393, 1621 cm™; *H NMR (400 MHz, CDCls) § 3.63-3.51 (m, 3H), 3.37 (m, 1H), 2.12-2.01
(m, 2H), 1.93-1.54 (complex, 9H), 1.51-1.16 (complex, 9H), 1.12-0.93 (complex, 5H, contains s, 1.03,
3H), 0.90-0.79 (complex, 4H, contains s, 0.79, 3H), 0.65 (m, 1H); *C NMR (101 MHz, CDCls) 6 176.3,
71.4,53.9,53.2,44.7, 44.3, 43.3, 40.3, 38.1, 37.2, 36.9, 35.6, 35.5, 33.9, 31.6, 31.2, 28.7, 28.5, 22.1,
20.2,15.3,12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C22H3sNO, 346.2741, found 346.2737.
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Intramolecular Schmidt reaction of estrone 5
Intermediate 5b was prepared following a previously published procedure.®® Characterization data
were consistent with reported data (mp 168-173 °C).15%

16a-(3'-Chloropropyl)-3-methoxy-estrone, S18

Following a literature procedure, S18 was prepared as described. To a cooled 1.0 M LDA solution (260
pL, 1.82 mmol, 1.2 equiv) in anhydrous THF (20.0 mL) at —78 °C was added mestrone 5a (425 mg,
1.50 mmol) cautiously. The reaction mixture was allowed to —10 °C and stirred for 1 h. To the pale
yellow solution, HMPA (1.10 mL, 6.32 mmol, 4.2 equiv) was added followed by 1-chloro-3-
iodopropane (240 pL, 2.24 mmol, 1.5 equiv). The pale yellow solution was stirred at —10 °C for 1 h,
warmed to room temperature, and stirred overnight. The reaction mixture was quenched with a solution
of saturated NH4CI (40 mL) and H-O (20 mL). The aqueous layer was extracted with Et;O (3 x 30 mL).
The combined organic layer was washed with brine (15 mL), dried over Na,SO., filtered, and
concentrated. Purification was carried out by an automated MPLC system using a 24 g normal phase
silica column with gradient elution of 0-10% Et,O/hexanes. Fractions containing mixtures of 5a and
S18 were subjected to a second automated purification using the same gradient. Concentration of
appropriate fractions afforded desired product as a yellow oil/solid (426 mg, 1.17 mmol, 78% yield)
containing a minor unidentified impurity. The intermediate was used in the next step without further
purification. Rf = 0.40 (10% EtOAc/hexanes); IR (neat) 1730 cm™; *H NMR (400 MHz, CDCl3) & 7.20
(m, 1H), 6.73 (dd, J = 8.6, 2.8 Hz, 1H), 6.65 (d, J = 2.8 Hz, 1H), 3.78 (s, 3H), 3.61-3.46 (m, 2H), 2.92—
2.89 (m, 2H), 2.49 (m, 1H), 2.39 (m, 1H), 2.25 (m, 1H), 2.01-1.82 (complex, 5H), 1.79-1.71 (m, 1H),
1.66-1.38 (complex, 7H), 0.95 (s, 3H). Note: *H NMR signals confirmed by HSQC correlation. HSQC
has been included in the spectra section. *C NMR (101 MHz, CDCls) & 221.6, 157.7, 137.9, 132.1,
126.5,114.0,111.7,55.4,48.8, 48.4,44.9,44.3,44.1, 38.5, 31.8, 31.4, 30.0, 28.8, 27.8, 26.6, 26.0, 14.8.
HRMS (FT-ICR, APCI) m/z: [M + H]* C22H3,ClO; calcd for [M + H]* 361.1929, found 361.1929.

16a-(3'-Azidopropyl)-3-methoxy-estrone, S19

Following a literature procedure®, S19 was prepared as described. A mixture of S18 (419 mg, 1.16
mmol), Nal (348 mg, 2.32 mmol, 2.0 equiv), NaNs (226 mg, 3.48 mmol, 3.0 equiv) in anhydrous DMF
(12.0 mL, 1.0 M) was stirred at 80 °C overnight. The reaction mixture was quenched with H,O (50 mL).
The aqueous layer was extracted with Et,0 (3 x 30 mL). The combined organic layer was washed with
H>O (3 x 15 mL), brine (15 mL), dried over Na,SOs, filtered, and concentrated. Purification was carried
out by an automated MPLC system using a 24 g normal phase silica column with gradient elution of 0—
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10% EtOAc/hexanes. Concentration of fractions afforded desired product as a white oil (391 mg, 1.06
mmol, 92% yield) containing a minor unidentified impurity. The intermediate was used in the next step
without further purification. R = 0.29 (10% EtOAc/hexanes); IR (neat) 2091, 1733 cm™*; *H NMR (400
MHz, CDCls) 6 7.20 (d, J = 8.6 Hz, 1H), 6.72 (dd, J = 8.6, 2.8 Hz, 1H), 6.65 (d, J = 2.7 Hz, 1H), 3.78
(s, 3H), 3.36-3.24 (m, 2H), 2.92-2.89 (m, 2H), 2.49 (m, 1H), 2.39 (m, 1H), 2.25 (m, 1H), 2.02-1.32
(complex, 13H), 0.95 (s, 3H). Note: *H NMR signals confirmed by HSQC correlation. NOE (1D) and
HSQC has been included in the spectra section. 3C NMR (101 MHz, CDCl3) & 221.6, 157.7, 137.9,
132.1,126.5, 114.0, 111.7,55.4, 51.5, 48.8, 48.4, 44,5, 44.1, 38.5, 31.8, 29.8, 28.5, 27.72, 27.68, 26.6,
26.0,14.7. HRMS (FT-ICR, HESI) m/z: [M — N2+ H]* calcd for C22H30N302 340.2271, found 340.2267.

Key "H NMR signals Key NOE signal
0.95 (s) 2.49 (m)

3-Methoxy-1,3,5-estratriene-derived D-Ring Lactam, Intra2

Following a literature procedure®, Intra2 was prepared as described. To a solution of S$19 (95.7 mg,
0.260 mmol) in HFIP (2.0 mL) at 0 °C under nitrogen atmosphere was added TiCls (1.0 M in CHCl,,
130 pL, 0.130 mmol, 0.5 equiv). The vial was capped, and the reaction mixture was stirred at room
temperature for 24 h. The reaction mixture was concentrated under nitrogen. The residue was diluted
with CH:Cl,, washed with a solution of saturated NH4CI (2 x 8 mL), solution of saturated NaHCO3 (8
mL), brine (8 mL), dried over Na SO, filtered, and concentrated. Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution of 0—70%
EtOAc/hexanes. Concentration of fractions afforded product as a white amorphous solid (61.3 mg,
0.181 mmol, 69% yield, UPLC/HRMS purity: 97.7%). R¢ = 0.25 (50% EtOAc/hexanes); mp 144-149
°C; IR (neat) 1612 cm™; *H NMR (400 MHz, CDCls) § 7.24 (d, J = 8.7 Hz, 1H), 6.73 (dd, J = 8.6, 2.8
Hz, 1H), 6.62 (d, J = 2.7 Hz, 1H), 3.78 (s, 3H), 3.61 (m, 2H), 3.41 (m, 1H), 2.85 (m, 2H), 2.37 (m, 1H),
2.27-2.11 (m, 2H), 2.05-1.89 (m, 3H), 1.81-1.68 (m, 3H), 1.58-1.24 (complex, 6H), 1.08 (s, 3H); 1*C
NMR (101 MHz, CDCls) 6 176.3, 157.7, 137.7, 132.4, 126.6, 113.7, 111.8, 55.4, 54.0, 44.9, 42.7, 42.0,
40.7, 40.4, 35.6, 33.9, 30.2, 28.4, 26.6, 26.0, 22.2, 15.2. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd
for C22H30NO; 340.2271, found 340.2269.

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, Intra3

To a solution of Intra2 (51.5 mg, 0.152 mmol) in anhydrous CH,Cl, (5.0 mL) at -78 °C was added
BBr; (1.0 M in CH,Cl;, 1.20 mL, 1.20 mmol, 8.0 equiv). The reaction mixture was stirred at =78 °C for
1 h, warmed to room temperature over 4 h, and continued stirring at room temperature for 1 h (pinkish-
orange suspension). The reaction mixture was quenched with two drops of water and MeOH (2 mL).
The solvent was removed under nitrogen, the residue was redissolved in MeOH, and loaded on silica
gel for purification. Purification was carried out by an automated MPLC system using a 12 g normal
phase silica column with gradient elution of 0-3% MeOH/CH.Cl,. Concentration of fractions afforded
Intra3 as a white amorphous solid (38.1 mg, 0.117 mmol, 77% yield, UPLC/HRMS purity: >99.5%).
Rf = 0.20 (2% MeOH/CH.Cl,); mp 283-300 °C (decomposed); IR (neat) 3303, 1621, 1606 cm™; *H
NMR (600 MHz, DMSO-dg) 6 8.99 (s, 1H), 7.07 (d, J = 8.5 Hz, 1H), 6.51 (d, J = 9.4 Hz, 1H), 6.43 (m,
1H), 3.59 (m, 1H), 3.40 (m, 1H), 3.20 (m, 1H), 2.70 (m, 2H), 2.27 (m, 1H), 2.09 (m, 2H), 1.93 (m, 3H),
1.81 (m, 1H), 1.67 (m, 2H), 1.56-1.37 (m, 2H), 1.29-1.18 (m, 4H), 0.98 (s, 3H); **C NMR (151 MHz,
DMSO-ds) 6 174.6, 155.0, 137.0, 130.1, 126.1, 114.6, 112.8, 53.1, 44.1, 42.1, 41.3, 40.0934, 40.0933,
34.8,33.9,29.4,27.5,25.9, 25.6, 21.5, 14.9. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C21H2sNO>
326.2115, found 326.2111.
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3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G1

Following the general procedure E, 3-azidopropanol 6 (30.3 mg, 0.300 mmol, 2.0 equiv) was reacted
with trans-androsterone 4 (43.6 mg, 0.150 mmol) to give G1 as a white amorphous solid (51.0 mg,
0.141 mmol, 94% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CHCl,. Rs = 0.35 (5% MeOH/CH,Cl,); mp 177-181 °C; IR (neat) 3237, 1625 cm™; 'H NMR
(400 MHz, CDCls) & 3.69-3.55 (m, 2H), 3.49-3.39 (m, 2H), 3.32-3.17 (m, 3H), 2.60 (br s, 2H), 2.19
(m, 1H), 1.94 (m, 1H), 1.89-1.22 (complex, 17H), 1.13-1.06 (m, 4H, contains s, 1.12, 3H), 1.00-0.93
(m, 1H), 0.91-0.62 (m, 1H), 0.80 (s, 3H), 0.68 (m, 1H); *C NMR (101 MHz, CDCls) § 178.3, 71.3,
57.9,53.4,47.1,45.9, 44.4, 43.0, 41.3, 38.1, 36.8, 35.7, 34.8, 34.6, 31.6, 31.0, 29.3, 28.6, 21.0, 20.3,
18.6, 12.4. Note: APT, HSQC and HMBC are included in the spectra section. X-ray crystal structure
of this analog is provided in the CCDC (CCDC 1583536). HRMS (FT-ICR, HESI) m/z: [M + H]* calcd
for Co2H3sNO3 364.2846, found 364.2840.

Key 'H NMR signals Key '3C NMR signals Key HSQC signals Key HMBC signals

3.49-339 (m)  3.69-3.62 (m)
OH 3.32-3.25 (m)

1.12 (s)
... O
N

3.32-3.17 (m)

1.94 (m)

HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactams, G2 and H1

Following the general procedure E, (S)-3-azido-2-methylpropanol (S)-8 (34.6 mg, 0.300 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (43.7 mg, 0.151 mmol) to give G2 as a white amorphous
solid to afford a separable mixture of two regioisomeric lactams G2 (30.3 mg, 0.0803 mmol, 53% vyield,
UPLC/HRMS purity: 98.7%) and H1 (19.9 mg, 0.053 mmol, 35%, UPLC/HRMS purity: >99.5%). A
56:44 regioisomeric ratio was observed by 'H NMR of crude reaction mixture. Purification was carried
out by an automated MPLC system using a 12 g normal phase silica column with gradient elution from
0-20% EtOAc/Ether. Concentration of fractions afforded slightly impure G2 and H1. A second
purification of separated regioisomers using a 4 g column with gradient elution from 0-5%
MeOH/DCM afforded pure regioisomers. G2: Ri = 0.26 (50% EtOAc/Ether); IR (neat) 3440, 3283,
1632 cm™; mp 174-177 °C; *H NMR (400 MHz, CDCls) § 3.65-3.53 (m, 2H), 3.35 (dd, J = 11.9, 3.3
Hz, 1H), 3.27 (m, 3H), 2.90 (dd, J = 13.9, 4.3 Hz), 2.16 (m, 1H), 1.93-1.51 (complex, 7H), 1.43-1.19
(complex. 9H), 1.10-1.03 (m, 4H, contains s, 1.10, 3H), 0.98-0.80 (m, 5H, contains d, J = 7.0 Hz, 3H),
0.78 (s, 3H), 0.66 (m, 1H); *C NMR (126 MHz, CDCls) & 178.3, 71.2, 63.1, 53.3, 49.7, 48.6, 46.2,
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44.4, 41.4, 38.0, 36.8, 35.7, 34.85, 34.79, 33.7, 31.5, 30.9, 28.6, 21.0, 20.3, 18.5, 15.3, 12.3. HRMS
(FT-ICR, HESI) m/z: [M + H]* calcd for Ca3sHaoNO3; 378.3003, found 378.2991. H1: Rf = 0.11 (50%
EtOACc/Ether); IR (neat) 3443, 3309, 1603 cm™; mp 196-198 °C; *H NMR (400 MHz, CDCls) § 3.83
(dd, J = 14.8, 11.4 Hz, 1H), 3.58 (tt, J = 11.0, 4.8 Hz, 1H), 3.48-3.44 (m, 1H), 3.33 (dd, J = 11.9, 2.9
Hz, 1H) 3.03 (dd, J = 14.7, 4.6 Hz, 1H), 2.58-2.42 (m, 2H), 1.95 (m, 1H), 1.89 (m, 1H), 1.83-1.70
(complex, 4H), 1.58 (m, 1H), 1.52 (td, J = 12.8, 3.9 Hz, 1H), 1.41-1.18 (complex, 8H), 1.17 (s, 3H),
1.14-1.04 (m, 1H), 1.00-0.94 (m, 4H, contains d, J = 6.9 Hz, 3H), 0.91-0.80 (m, 1H), 0.76-0.71 (m,
4H, contains s, 0.76, 3H); *C NMR (126 MHz, CDCls) § 172.3,71.1,62.7,59.1,52.7, 48.4, 44.2, 42.7,
37.9, 37.8, 37.5, 36.8, 36.1, 35.5, 31.4, 30.8, 30.2, 28.5, 21.8, 21.6, 20.1, 15.6, 12.2. HRMS (FT-ICR,
HESI) m/z: [M + H]* calcd for Ca3HaoNO3; 378.3003, found 378.2986.

HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G3

Following the general procedure E, (R)-3-azido-2-methylpropanol (R)-8 (34.8 mg, 0.302 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (43.9 mg, 0.151 mmol) to give G3 as a white amorphous
solid (53.2 mg, 0.141 mmol, 93% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CHCl,. Rs = 0.33 (5% MeOH/CH,Cl,); mp 168-171 °C; IR (neat) 3380, 1614 cm™; 'H NMR
(400 MHz, CDCls) 6 3.89 (dd, J = 13.8, 11.0 Hz, 1H), 3.58 (tt, J = 10.7, 4.8 Hz, 1H), 3.41-3.27 (m,
3H), 3.18 (m, 1H), 2.77 (br s, 2H), 2.53 (dd, J = 13.9, 4.3 Hz, 1H), 2.18 (m, 1H), 1.93 (m, 1H), 1.88—
1.18 (complex, 15H), 1.11-1.05 (m, 4H, contains s, 1.11, 3H), 1.00-0.96 (m, 4H, contains d, J = 7.0
Hz, 3H), 0.94-0.80 (m, 1H), 0.79 (s, 3H), 0.67 (m, 1H); *C NMR (101 MHz, CDCls) § 178.2, 71.1,
63.1, 53.3,49.1, 47.7, 45.5, 44.4, 41.3, 38.0, 36.8, 35.6, 34.7, 34.4, 33.5, 31.4, 30.9, 28.8, 21.0, 30.2,
18.5, 15.4, 12.3. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C23H41NO3 378.3008 found 378.2995.

OH

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G4

Following the general procedure E, (R)-3-azidobutanol (R)-10 (34.4 mg, 0.299 mmol, 2.0 equiv) was
reacted with trans-androsterone 4 (44.4 mg, 0.153 mmol) to give G4 as a white amorphous solid (52.9
mg, 0.140 mmol, 92% vyield, UPLC/HRMS purity: 97.4%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-4%
MeOH/CH,Cl,. Rs = 0.31 (5% MeOH/CH,Cl,); mp 214-217 °C; IR (neat) 3380, 3291, 1596 cm™; 'H
NMR (400 MHz, CDCls) 6 4.87 (m, 1H), 3.59 (tt, J = 10.7, 4.8, 1H), 3.51 (ddd, J = 12.1, 5.0, 2.4 Hz,
1H), 3.27 (td, J = 11.8, 2.6, 1H), 3.19-3.03 (m, 2H), 2.59 (br s, 2H), 2.19 (m, 1H), 1.96 (m, 1H), 1.89-
1.22 (complex, 16H), 1.18 (dd, J = 7.1 Hz, 3H), 1.13-1.05 (m, 1H), 0.97 (m, 1H), 0.91-0.82 (m, 1H),
0.80 (s, 3H), 0.68 (m, 1H); 3C NMR (101 MHz, CDCls) & 178.4, 71.3, 58.6, 53.5, 45.6, 44.5, 44.3,
41.9, 40.2, 38.1, 36.8, 36.2, 35.7, 34.7, 34.6, 31.6, 31.0, 28.6, 20.6, 20.3, 18.8, 18.4, 12.4. Note: APT,
NOE (1D), HSQC and HMBC are included in the spectra section. HRMS (FT-ICR, HESI) m/z: [M +
H]* calcd for C23H40NO3 378.3003 found 378.2995.
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Key "H NMR signals Key '3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals
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HO

3p-Hydroxy-5a-androstane-derived-derived D-Ring Lactam, G6

Following the general procedure E, (R)-2-azido-3-phenylpropanol (R)-14 (53.2 mg, 0.300 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (43.7 mg, 0.150 mmol) to give G6 as a white amorphous
solid (54.0 mg, 0.123 mmol, 82% yield, UPLC/HRMS purity: 97.2%) containing a minor
uncharacterized regioisomer (regioisomer ratio 89:11). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-5% MeOH/CH,CI,
over 40 min. Rs = 0.30 (80% EtOAc/hexanes); mp 109-118 °C; IR (neat) 3426, 3280, 1603 cm™; key
H NMR (400 MHz, CDCl3) 8 7.31-7.24 (m, 2H), 7.22-7.18 (m, 3H), 4.06 (m, 1H), 3.95 (m, 1H), 3.83—
3.71 (m, 2H), 3.61-3.53 (m, 2H), 3.13-3.05 (m, 2H), 2.96-2.89 (m, 2H), 2.12 (m, 1H); **C NMR (101
MHz, CDCls) & 178.8, 138.7, 129.2 (2C), 128.5 (2C), 126.5, 71.3, 64.1, 53.3, 46.9, 45.1, 44.4, 41.7,
38.1,36.8, 35.7, 34.79, 34.78, 33.9, 31.6, 30.9, 29.8, 28.6, 21.2, 20.3, 18.1, 12.3. Note: H and °C NMR
spectra of mixture are included in the spectra section. Characterization above only denote peaks of the
major regioisomer. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH42NO3 440.3159, 440.3139.

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G7

Following the general procedure E, (R)-2-azido-2-phenylethanol (R)-15 (40.8 mg, 0.250 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (36.2 mg, 0.125 mmol) to give G7 as a yellow amorphous
solid (27.0 mg, 0.0634 mmol, 51% yield, UPLC/HRMS purity: 98.9%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 50—
100% EtOAc/hexanes. R = 0.36 (4% MeOH/CH.Cl,); IR (neat) 3364, 1601 cm*; mp 212-214 °C; *H
NMR (400 MHz, CDCls) 6 7.35-7.19 (m, 5H), 5.66 (t, J = 7.1 Hz, 1H), 4.10 (d, J = 7.1 Hz, 2H), 3.57
(m, 1H), 3.21 (ddd, J = 12.4, 7.3, 2.0 Hz, 1H), 2.82 (ddd, J = 12.4, 10.6, 7.1 Hz, 1H), 2.21 (m, 1H),
1.87-1.18 (complex, 17H), 1.15 (s, 3H), 1.10-0.91 (m, 2H), 0.85-0.74 (m, 4H, contains s, 0.78, 3H),
0.67 (m, 1H); *C NMR (126 MHz, CDClz) 6 179.0, 137.0, 128.7 (2C), 128.0 (2C), 127.8, 71.2, 62.1,
59.0,53.2,45.1,44.4,42.9,41.9, 38.0, 36.8, 35.6, 34.91, 34.86, 31.4, 30.8, 28.5, 21.0, 20.3, 18.3, 12.3.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH40NO3 426.3003, found 426.2985.
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3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G8

Following the general procedure E, (R)-2-azido-4-methylpentanol (R)-16 (43.2 mg, 0.302 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (43.9 mg, 0.151 mmol) to give G8 as a white amorphous
solid (51.0 mg, 0.126 mmol, 83% yield, UPLC/HRMS purity: 92.4%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CH_CI; over 50 min. Rs = 0.27 (5% MeOH/CH,CI,); IR (neat) 3364, 1611 cm™; mp 97-115 °C;
key *H NMR (400 MHz, CDCls) 8 4.30 (m, 1H), 3.67 (dd, J = 11.5, 3.8 Hz, 1H), 3.64-3.55 (m, 2H),
2.16 (m, 1H), 1.95 (m, 1H); **C NMR (101 MHz, CDCls) & 179.0, 71.3, 64.1, 55.8, 53.4, 45.4, 44.5,
43.3,41.8, 38.1, 36.9, 35.7, 34.97, 34.95, 31.6, 31.0, 28.6, 25.1, 23.3, 22.5, 21.2, 20.4, 18.2, 12.4. Note:
Missing one carbon signal due to signal overlap; *H and **C NMR spectra of mixture are included in
the spectra section. Characterization above only denote peaks of the major regioisomer. HRMS (FT-
ICR, HESI) m/z: [M + H]* calcd for C2sH4sNO3 406.3316, found 406.3298.

OH

HO

3p-Hydroxy-5a-androstane-derived D-Ring Thioamide, G9

Following the general procedure G, G9 was prepared as a white amorphous solid (49.1 mg, 0.129 mmol,
52% vyield, UPLC/HRMS purity: 98.6%). Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column with gradient elution from 0-1.5% MeOH/CH.Cl,. R = 0.33
(5% MeOH/CH.Cl,); mp 212-216 °C; IR (neat) 3241, 1519 cm™’; *H NMR (400 MHz, CDCls) & 4.46
(dt, J =13.3, 6.6 Hz, 1H), 3.88 (dt, J = 13.4, 5.9 Hz, 1H), 3.62-3.47 (m, 3H), 3.44-3.31 (m, 2H), 2.74
(m, 1H), 2.05 (m, 1H), 1.90-1.53 (complex, 7H), 1.46-1.22 (complex, 9H), 1.18 (s, 3H), 1.09 (m, 1H),
0.97 (m, 1H), 0.85 (m, 1H), 0.79 (s, 3H), 0.65 (m, 1H); *C NMR (101 MHz, CDCls) & 211.7, 71.3,
58.1, 53.0, 51.7, 50.6, 46.4, 44.6, 44.4, 39.7, 38.0, 36.8, 36.0, 35.6, 31.6, 31.0, 29.6, 28.6, 21.3, 21.2,
12.3. Note: Missing one carbon signal due to signal overlap. HRMS (FT-ICR, HESI) m/z: [M + H]*
calcd for C22H3sNO,S 380.2618, found 380.2612.

3p-Hydroxy-5a-androstane-derived D-Ring Oxazinane, G10

Following the general procedure G, G10 was prepared as a white amorphous solid (59.4 mg, 0.171
mmol, 85% yield, LCMS Purity: >99.5%). Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column with gradient elution from 0-10% MeOH (0.5%
NH4OH)/CH2Cl.. Rf=0.25 (5% MeOH (0.5% NH4OH)/CH2Cl2); mp 178-184 °C; IR (neat) 3350, 2929,
2848 cm*; 'H NMR (400 MHz, CDCls3) 8 4.00 (m, 1H), 3.58 (m, 1H), 3.38 (m, 1H), 2.96-2.81 (m, 3H),
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2.11-1.94 (m, 3H), 1.83-1.71 (m, 4H), 1.61-1.18 (complex, 11H), 1.10-1.01 (m, 1H), 0.99-0.88 (m,
5H, contains s, 0.95, 3H), 0.83-0.72 (m, 5H, contains s, 0.78, 3H), 0.65 (m, 1H); *C NMR (101 MHz,
CDCls) 6 102.3, 71.4, 67.9, 54.8, 54.6, 53.9, 49.4, 44.6, 38.3, 37.9, 37.0, 35.9, 35.7, 34.5, 31.6, 31.0,
28.7,25.9,23.7,20.2,13.6, 12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C;,H3sNO, 348.2897,
found 348.2890. Note: X-ray crystal structure of this analog is provided in the CCDC (CCDC 1583518).

HO

3p-Hydroxy-5a-androstane-derived D-Ring Oxazinane, G11

Following the general procedure G, G11 was prepared as a white amorphous solid (45.0 mg, 0.128
mmol, 64% yield, LCMS Purity: >99.5%). Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column with gradient elution from 0-10% MeOH (0.5%
NH4OH)/CH:Cl. Rf=0.25 (5% MeOH (0.5% NH4OH)/CHCl2); mp 178-184 °C; IR (neat) 3519, 3243,
2930, 2847 cm*; *H NMR (400 MHz, CDCl3) § 4.01 (m, 1H), 3.58 (m, 1H), 3.38 (m, 1H), 2.96-2.82
(m, 2H), 2.13-1.95 (m, 3H), 1.83-1.71 (m, 3H), 1.58-1.18 (complex, 12H), 1.10-1.03 (m, 1H), 0.99-
0.91 (m, 5H, contains s, 0.96, 3H), 0.84-0.72 (m, 5H, contains s, 0.78, 3H), 0.65 (m, 1H); *C NMR
(101 MHz, CDCl3) 8 71.4, 67.5, 54.7, 54.5, 53.8, 49.3, 44.5, 38.2, 38.0, 36.9, 35.83, 35.80, 35.7, 34.4,
31.6, 31.0, 28.7, 25.6, 23.4, 20.1, 13.4, 12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for
C22H37DNO, 349.2960, found 349.2952.

HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G12

Following the general procedure G, G12 was prepared as an off-white amorphous solid (166 mg, 0.429
mmol, 86% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-75% EtOAc/hexanes. R¢
= 0.25 (50% EtOAc/hexanes); mp 135-139 °C; IR (neat) 3469, 3330, 2092, 1607 cm; *H NMR (400
MHz, CDCls) 8 3.59 (m, 1H), 3.49 (m, 1H), 3.35-3.18 (complex, 5H), 2.18 (m, 1H), 1.95-1.72
(complex, 6H), 1.66-1.49 (m, 3H), 1.45-1.19 (complex, 9H), 1.13-1.05 (m, 4H, contains s, 1.09, 3H),
0.97 (m, 1H), 0.91-0.82 (m, 1H), 0.80 (s, 3H); *C NMR (101 MHz, CDCl3) § 176.8, 71.3, 53.4, 49.5,
47.6, 46.0, 44.9, 44,5, 41.2, 38.1, 36.9, 35.7, 34.9, 34.6, 31.9, 31.0, 28.6, 36.7, 21.2, 20.3. 18.4, 12.4.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C22H37N4O, 389.2911, found 389.2904.

HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G13
Following the general procedure G, G13 was prepared as a white amorphous solid (48.7 mg, 0.107
mmol, 71% yield, UPLC/HRMS purity: 98.6%). Purification was carried out by an automated MPLC

77



system using a 12 g normal phase silica column with gradient elution from 0-50% EtOAc/hexanes. Rt
=0.48 (50% EtOAc/hexanes); mp 133-136 °C; IR (neat) 3367, 1617 cm™; *H NMR (400 MHz, CDCls)
8 7.36-7.25 (m, 4H), 7.17 (m, 1H), 3.63-3.48 (m, 2H), 3.30-3.15 (m, 3H), 2.29-2.86 (m, 2H), 2.18 (m,
1H), 1.92-1.21 (complex, 18H), 1.12-1.05 (m, 4H, contains s, 1.08, 3H), 1.00-0.91 (m, 1H), 0.89-0.80
(m, 1H), 0.79 (s, 3H) 0.66 (m, 1H); **C NMR (101 MHz, CDCls)  176.7, 136.6, 129.3 (2C), 129.0
(2C), 126.1, 71.3,53.4, 47.3, 46.2, 46.0, 44.5, 41.2, 38.1, 36.9, 35.7, 34.9, 34.6, 31.6, 31.3, 31.0, 28.6,
27.0, 21.2, 20.3, 18.4, 12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CzsH12NO2S 456.2931,
found 456.2923.

HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G14

Following the general procedure G, G14 was prepared as a white amorphous solid (53.1 mg, 0.113
mmol, 76% yield, UPLC/HRMS purity: 99.0%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-60% EtOAc/hexanes. Rt
=0.24 (50% EtOAc/hexanes); mp 171-175 °C; IR (neat) 3413, 1614 cm™; *H NMR (400 MHz, CDCls)
8 7.24 (m, 3H), 7.09 (m, 2H), 3.59 (m, 1H), 3.51 (m, 1H), 3.29-3.14 (m, 3H), 2.85 (m, 2H), 2.31 (s,
3H), 2.17 (m, 1H), 1.92-1.21 (complex, 18H), 1.12-1.05 (m, 4H, contains s, 1.07, 3H), 1.02-0.93 (m,
1H), 0.89-0.82 (m, 1H), 0.79 (s, 3H), 0.66 (m, 1H); **C NMR (101 MHz, CDCls) § 176.7, 136.3, 132.7,
130.2 (2C), 129.8 (2C), 71.3,53.4,47.3, 46.2, 45.9, 44.5, 41.2, 38.1, 36.9, 35.7, 34.9, 34.6, 32.0, 31.6,
31.0, 28.6, 27.0, 21.2, 21.1, 20.3, 18.5, 12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for
C29H14NO2S 470.3087, found 470.3078.

. OMe
HO A

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G15

Following the general procedure G, G15 was prepared as a white amorphous solid (47.4 mg, 0.0976
mmol, 65% yield, UPLC/HRMS purity: 98.5%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-55% EtOAc/hexanes. R¢
=0.27 (50% EtOAc/hexanes); mp 152-155 °C; IR (neat) 3402, 1612 cm™; *H NMR (400 MHz, CDCls)
d 7.33 (m, 2H), 6.84 (m, 2H), 3.79 (s, 3H), 3.59 (m, 1H), 3.49 (m, 1H), 3.28-3.13 (m, 3H), 2.78 (m,
2H), 2.17 (m, 1H), 1.91-1.21 (complex, 18H), 1.12-1.04 (m, 4H, contains s, 1.07, 3H), 1.00-0.93 (m,
1H), 0.90-0.80 (m, 1H), 0.79 (s, 3H), 0.66 (m, 1H); 3C NMR (101 MHz, CDCls) § 176.6, 159.1, 133.3
(2C), 126.6, 114.7 (2C), 71.3,55.5,53.2, 47.3, 46.1, 45.9, 44.5, 41.2, 38.1, 36.8, 35.7, 34.8, 34.6, 33.5,
31.6, 31.0, 28.6, 27.0, 21.2, 20.3, 18.4, 12.3. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd 486.3036,
found 486.3028.

HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G16
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Following the general procedure G, G16 was prepared as a white amorphous solid (51.0 mg, 0.104
mmol, 69% yield, UPLC/HRMS purity: 96.6%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-65% EtOAc/hexanes. Rt
=0.28 (50% EtOAc/hexanes); mp 188-196 °C; IR (neat) 3393, 1613 cm™; *H NMR (400 MHz, CDCls)
87.24 (m, 4H), 3.63-3.48 (m, 2H), 3.29-3.15 (m, 3H), 2.89 (m, 2H), 2.17 (m, 1H), 1.92-1.21 (complex,
18H), 1.12-1.05 (m, 4H, contains s, 1.07, 3H), 0.96 (m, 1H), 0.89-0.80 (m, 1H), 0.79 (s, 3H), 0.66 (m,
1H); ®C NMR (101 MHz, CDCls) § 176.8, 135.1, 132.1, 130.7 (2C), 129.2 (2C), 71.3, 53.4, 47.3, 46.2,
45.9,44.5,41.2, 38.1, 36.9, 35.7, 34.8, 34.6, 31.5850, 31.5849, 31.0, 28.6, 26.9, 21.2, 20.3, 18.5, 12.4.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH41CINO2S 490.2541, found 490.2532.

HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G17

Following the general procedure G, G17 was prepared as a white amorphous solid (48.9 mg, 0.0913
mmol, 61% yield, UPLC/HRMS purity: 98.9%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-60% EtOAc/hexanes. R¢
=0.29 (50% EtOAc/hexanes); mp 196-199 °C; IR (neat) 3408, 1610 cm™; *H NMR (400 MHz, CDCls)
3 7.39 (m, 2H), 7.18 (m, 2H), 3.59 (m, 1H), 3.56-3.49 (m, 1H), 3.30-3.15 (m, 3H), 2.87 (m, 2H), 2.18
(m, 1H), 1.91-1.21 (complex, 18H), 1.13-1.05 (m, 4H, contains s, 1.08, 3H), 0.97 (m, 1H), 0.90-0.80
(m, 1H), 0.79 (s, 3H). 0.67 (m, 1H); *C NMR (101 MHz, CDCls) § 176.8, 135.9, 132.1 (2C), 130.8
(2C), 119.9, 71.3,53.4, 47.3,46.2, 45.9, 445, 41.2, 38.1, 36.9, 35.7, 34.8, 34.6, 31.6, 31.4, 31.0, 28.6,
26.8,21.2,20.3, 18.5, 12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH41BrNO,S 534.2036,
found 534.2028.

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G18

Following the general procedure H, G18 was prepared as a white amorphous solid (81.7 mg, 0.167
mmol, 83% yield, UPLC/HRMS purity: 98.9%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-5% MeOH/CH,Cl,. R¢ =
0.25 (3% MeOH/CH,CIly); mp 197-202 °C; IR (neat) 3400, 1619 cm™; *H NMR (400 MHz, CDCls) &
7.93 (s, 1H), 7.84 (m, 2H), 7.41 (m, 2H), 7.32 (m, 1H), 4.40 (m, 2H), 3.58 (m, 1H), 3.42 (m, 2H), 3.30—
3.15 (m, 2H), 2.36-2.13 (m, 3H), 1.87 (m, 1H), 1.69 (m, 2H), 1.72-1.10 (complex, 12H), 1.06-0.98
(m, 4H, contains s, 1.06, 3H), 2.93 (s, 3H) 0.50 (m, 1H); **C NMR (101 MHz, CDCl3) § 172.3, 147.7,
130.8, 128.9 (2C), 128.2, 125.9 (2C), 120.4, 71.3, 53.1, 48.5, 47.3, 45.6, 44.8, 44.3, 41.2, 38.1, 36.7,
35.6, 34.8, 34.5, 31.5, 30.9, 28.6, 27.7, 21.0, 20.2, 18.4, 12.3. HRMS (FT-ICR, HESI) m/z: [M + H]*
calcd for C3oHasN4O2 491.3381, found 491.3372.
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3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G19

Following the general procedure H, G19 was prepared as a white amorphous solid (74.9 mg, 0.152
mmol, 84% yield, UPLC/HRMS purity: 97.9%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-5% MeOH/CH,Cl.. Rt =
0.16 (5% MeOH/CH.CI;); mp 190-194 °C; IR (neat) 3353, 1640, 1609 cm?; *H NMR (400 MHz,
CDCls) 6 9.04 (s, 1H), 8.57 (m, 1H), 8.19 (m, 1H), 8.08 (s, 1H), 7.36 (ddd, J = 7.9, 4.8, 0.8 Hz,) 4.42
(m, 2H), 3.59 (m, 1H), 3.50-3.17 (m, 4H), 2.34-2.12 (m, 3H), 1.91 (m, 1H), 1.83 (m, 1H), 1.71 (m,
2H), 1.62-1.15 (complex, 11H), 1.08-0.99 (m, 4H, contains s, 1.08, 3H), 0.95-0.79 (m, 2H), 0.77 (s,
3H), 0.54 (m, 1H); C NMR (101 MHz, CDCls) & 177.4, 149.3, 147.3, 144.6, 133.1, 127.0, 123.8,
120.9, 71.2, 53.2, 48.5, 47.3. 45.7, 44.6, 44.4, 41.3, 38.1, 36.8, 35.6, 34.8, 34.6, 31.5, 30.9, 28.6, 27.8,
21.1, 20.2, 18.5, 12.3. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CH2NsO, 492.3333, found
492.3322.

G20

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G20

Following the general procedure H, G20 was prepared as a white foam/crystalline solid (81.5 mg, 0.164
mmol, 91% yield, UPLC/HRMS purity: 95.9%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-5% MeOH/CH.Cl.. R¢ =
0.35 (5% MeOH/CH,Cl); mp 140-144 °C; IR (neat) 3345, 1622 cm™; *H NMR (500 MHz, CDCls3) &
7.83 (s, 1H), 7.68 (m, 1H), 7.46 (m, 1H), 7.37 (m, 1H), 4.38 (m, 2H), 3.59 (tt, J = 10.7, 4.8 Hz, 1H),
3.41 (m, 2H), 3.28-3.15 (m, 2H), 2.28 (m, 1H), 2.16 (m, 2H), 1.88 (m, 1H), 1.82-1.67 (m, 3H), 1.60-
1.18 (complex, 11H), 1.12 (m, 1H), 1.06-1.00 (m, 4H, contains s, 1.06, 3H), 0.91 (m, 1H), 0.85-0.78
(m, 1H), 0.76 (s, 3H), 0.50 (m, 1H); 3C NMR (126 MHz, CDCl3) § 177.3 143.9, 132.0, 126.4, 126.0,
121.1,120.2,71.3,53.0, 48.5, 47.3,45.5,44.8, 44.3,41.1, 38.1, 36.7, 35.6, 34.7, 34.5, 31.5, 30.9, 28.6,
27.6, 21.0, 20.2, 18.4, 12.3. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CssHa1N4O,S 497.2945,

found 497.2936.
O
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3p-Hydroxy-5a-androstane-derived D-Ring Lactam, G21

To a solution of G7 (57.2 mg, 0.134 mmol) in anhydrous THF (4.0 mL) was condensed liquid NH3
(=15 mL) at —78 °C. To the cooled solution was added pieces of sodium metal until the solution turned
blue. The blue solution was stirred at —78 °C for 2 h, and was quenched by adding solid NH4CI slowly
(until the disappearance of blue). The resulting mixture was diluted with H,O (20 mL) and EtOAc (30
mL). The organic layer was washed with brine, dried over anhydrous Na,SO., filtered, and
concentrated. Purification was carried out by an automated MPLC system using a 12 g normal phase
silica column with gradient elution from 0-5% MeOH/CH,CI, to afford G21 as a white amorphous
solid (37.1 mg, 0.121 mmol, 90% yield, UPLC/HRMS purity: >99.5%). R¢ = 0.26 (4% MeOH/CHCl>);
IR (neat) 3378, 1646 cm™; mp 253-256 °C; *H NMR (400 MHz, CDCls) & 5.52 (s, 1H), 3.59 (tt, J =
10.7, 4.8 Hz, 1H), 3.34 (m, 1H), 3.24 (m, 1H), 2.14 (m, 1H), 1.91-1.72 (m, 3H), 1.67-1.21 (complex,
12H), 1.14 (s, 3H), 1.12-1.05 (m, 1H), 1.00-0.83 (m, 2H), 0.80 (s, 3H), 0.69 (m, 1H); *C NMR (101
MHz, CDCls) 8 179.2, 71.3, 53.5, 46.0, 44.4, 41.6, 41.1, 38.1, 36.8, 35.8, 34.6, 34.0, 31.6, 31.2, 28.6,
20.5, 20.1, 18.4, 12.4. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C1sH32NO, 306.2428, found
306.2423.
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3p-Hydroxy-5a-androstane-derived D-Ring Lactam, H2

Following the general procedure E, (S)-3-azidobutanol (S)-10 (34.6 mg, 0.300 mmol 2.0 equiv) was
reacted with trans-androsterone 4 (43.6 mg, 0.150 mmol) to give H2 as a white amorphous solid (38.8
mg, 0.103 mmol, 69% yield, UPLC/HRMS purity: 97.2%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CH_Cl.. R = 0.26 (5% MeOH/CH.Cl,); IR (neat) 3352, 1612, 1594 cm'}; mp 242-245 °C; 'H
NMR (400 MHz, CDCls) & 3.73-3.67 (m, 2H), 3.64-3.56 (m, 2H), 2.52 (dd, J = 18.3, 6.5 Hz, 1H),
2.41-2.32 (m, 1H), 2.28-2.16 (m, 4H), 2.06-1.98 (m, 1H), 1.93-1.68 (complex, 4H), 1.59 (m, 1H),
1.46-1.20 (complex, 12H, contains d, J = 6.6 Hz, 3H), 1.18 (s, 3H), 1.14-1.06 (m, 1H), 1.02-0.83 (m,
2H), 0.78-0.71 (m, 4H, contains s, 0.78, 3H); *C NMR (101 MHz, CDCl3) § 171.6, 71.2, 61.9, 60.3,
53.1, 49.6, 48.0, 44.3, 38.5, 37.9, 37.6, 36.8, 36.2, 35.6, 33.3, 31.4, 31.0, 28.6, 21.9, 19.1, 18.9, 18.4,
12.3. Note: APT, NOE (1D), HSQC and HMBC are included in the spectra section. HRMS (FT-ICR,
HESI) m/z: [M + H]* calcd for C23H4NO3 378.3003 found 378.2995.

Key "H NMR signals Key "3C NMR signals Key NOE (1D) signals Key HSQC signals Key HMBC signals

3.73-3.67 (m), 3.64-3.56 (m) 60.3
HO.,~~ 3.73-3.67 (m) Ho_ 48.0
1

1.18 (s) H/ 9.1 H 18.4
\]/Ie\('\/'e\ 61 .9\ Me/

N_O 1.43(d) Me 171.6
/QHL\;/E\ FP 333
- 2.52 (dd), .

2.41-2.32 (m) 496

Following the general procedure E, azidoethanol 12 (26.1 mg, 0.300 mmol, 2.0 equiv) was reacted with
trans-androsterone 4 (43.6 mg, 0.150 mmol) to give an inseparable mixture (30:70) of regioisomers G5
and H3 as a white amorphous solid (50.4 mg, 0.144 mmol, 96% yield, UPLC/HRMS purity: >99.5%).
Purification was carried out by an automated MPLC system using a 12 g normal phase silica column
with gradient elution from 0-5% MeOH/CH,Cl,. R = 0.26 (5% MeOH/CHCl,); IR (neat) 3328, 1600
cmt; key *H NMR (400 MHz, CDCls) & 4.46 (br s, 1H), 3.86 (m, 1H), 3.77 (m, 2H), 3.65-3.56
(complex, 4H), 3.37 (m, 1H), 3.26 (m, 1H), 2.52 (m, 1H), 2.44 (m, 1H); *C NMR (151 MHz, CDCls)
6 179.5, 173.7, 71.3, 71.2, 65.0, 62.2, 60.5, 53.4, 53.0, 51.4, 48.8, 48.7, 45.7, 44.9, 44.4, 44.3, 41.3,
38.2, 38.1, 38.0, 36.9, 36.3, 35.7, 35.6, 34.8, 34.5, 31.7, 31.6, 31.5, 31.0, 30.9, 28.6, 28.5, 21.6, 21.2,
20.3,19.3,19.0, 18.5, 12.4, 12.3. Note: Missing one carbon signal due to signal overlap of regioisomers.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C21H3sNO3 350.2690, found 350.2683.
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3p-Hydroxy-5a-androstane-derived D-Ring Lactam, H4

Following the general procedure E, (S)-2-azido-3-phenylpropanol (S)-14 (53.2 mg, 0.300 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (43.6 mg, 0.150 mmol) to give H4 as a white amorphous
solid (58.9 mg, 0.134 mmol, 89% yield, UPLC/HRMS purity: 96.9%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 50—
100% EtOAc/hexanes. R = 0.26 (80% EtOAc/hexanes); mp 236-240 °C; IR (neat) 3332, 1596 cm™;
'H NMR (400 MHz, CDCls) 8 7.31-7.18 (m, 5H), 3.76-3.68 (m, 2H), 3.63-3.49 (m, 3H), 2.99 (m, 1H),
2.56 (m, 1H), 2.42 (ddd, J = 18.6, 10.2, 8.0 Hz, 1H), 1.98 (m, 1H), 1.92-1.79 (m, 3H), 1.71-1.65 (m,
2H), 1.61-1.56 (m, 1H), 1.44-1.03 (complex, 13H), 1.00-0.80 (m, 4H, contains s, 0.88, 3H), 0.76-0.68
(m, 4H, contains s, 0.74, 3H); *C NMR (101 MHz, CDCls) § 173.3, 140.0, 129.7 (2C), 128.6 (2C),
126.6, 71.2, 65.6, 62.0, 59.7, 53.0, 49.8, 44.3, 37.9, 37.8, 36.8, 36.2, 35.6, 34.6, 33.1, 31.4, 31.1, 28.5,
21.7, 18.8, 18.3, 12.2. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CsH12NO3 440.3159, found
440.3137.

HO a

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, H5

Following the general procedure E, (S)-2-azido-2-phenylethanol (S)-15 (40.8 mg, 0.250 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (36.3 mg, 0.125 mmol) to give H5 as a white amorphous
solid (40.8 mg, 0.0959 mmol, 77% yield, UPLC/HRMS purity: 97.8%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 50—
100% EtOAc/hexanes. Rt = 0.38 (5% MeOH/CHCl,); mp 212-217 °C; IR (neat) 3352, 3235, 1608 cm
1 IH NMR (400 MHz, CDCls)  7.33-7.28 (m, 4H), 7.24-7.19 (m, 1H), 4.75 (m, 1H), 4.41 (dd, J =
11.9, 5.3 Hz, 1H), 4.03 (dd, J = 11.9, 2.4 Hz, 1H), 3.60 (m, 1H), 2.62 (ddd, J = 18.8, 7.3, 1.6 Hz, 1H),
2.48 (ddd, J = 18.8, 10.5, 8.4 Hz, 1H), 2.16 (m, 1H), 1.99-1.91 (m, 2H), 1.83-1.68 (m, 4H), 1.62-1.19
(complex, 11H), 1.15 (s, 3H), 1.12-0.88 (m, 3H), 0.82-0.76 (m, 4H, contains s, 0.77, 3H); *C NMR
(101 MHz, CDCls) 6 173.0, 138.3, 128.4 (2C), 127.2 (2C), 126.7, 71.1, 66.1, 62.2, 59.7, 53.0, 49.9,
44.3,38.4,37.9, 36.9, 36.4, 35.6, 32.9, 31.4, 31.1, 28.5, 22.0, 19.3, 19.1, 12.3. HRMS (FT-ICR, HESI)
m/z: [M + H]" calcd for C27H3sNO3 426.3003, found 426.2983.
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HO

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, H6

Following the general procedure E, (S)-2-azido-4-methylpentanol (S)-16 (43.2 mg, 0.302 mmol, 2.0
equiv) was reacted with trans-androsterone 4 (43.9 mg, 0.151 mmol) to give H6 as a white amorphous
solid (52.6 mg, 0.130 mmol, 86% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by
an automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-80%
EtOAc/hexanes. R = 0.33 (80% EtOAc/hexanes); mp 164-168 °C; IR (neat) 3317, 1604 cm™; *H NMR
(400 MHz, CDCls) 6 5.68 (d, J = 9.3 Hz, 1H), 3.82 (m, 1H), 3.67-3.56 (m, 2H), 3.51 (m, 1H), 2.64
(ddd, J = 13.6, 11.1, 4.0 Hz, 1H), 2.50 (ddd, J = 18.6, 7.0, 1.5 Hz, 1H), 2.37 (ddd, J = 18.8, 11.0, 8.1
Hz, 1H), 2.10 (dt, J = 12.3, 3.6 Hz, 1H), 1.93-1.06 (complex, 20H, contains s, 1.18, 3H), 1.02-0.84
(complex, 10H, contains dd, 0.94, J = 6.6, 1.3 Hz, 6H), 0.79-0.71 (complex, 4H, contains s, 0.78, 3H);
13C NMR (101 MHz, CDCls) 6 172.8, 71.1, 64.9, 61.9, 55.1, 53.0, 49.7, 44.3, 37.9, 37.5, 36.8, 36.0,
35.6, 33.0, 314, 31.0, 25.5, 24.1, 21.9, 21.8, 18.9, 18.8, 12.3. Note: Missing two carbons signal due to
signal overlap. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH4NO3 406.3316, found 406.3296.

0

H
"eN_o Mo "N_o
a/NHs, 17a
Me THF, -78 °C Me
Q0L S0L
HO” 4 HO™ ™74

H6 Beck1

3p-Hydroxy-5a-androstane-derived D-Ring Lactam, Beckl

To a solution of H5 (85.0 mg, 0.200 mmol) in anhydrous THF (4.0 mL) was condensed liquid NH3
(=15 mL) at —78 °C. To the cooled solution was added pieces of sodium metal until the solution turned
blue. The blue solution was stirred at —78°C for 2 h, and was quenched by adding solid NH.CI slowly
(until the disappearance of blue). The resulting mixture was diluted with H,O (20 mL) and EtOAc (30
mL). The organic layer was washed with brine, dried over anhydrous Na,SO., filtered, and
concentrated. Purification was carried out by an automated MPLC system using a 12 g normal phase
silica column with gradient elution from 0-5% MeOH/CH.CI, to afford Beckl as a white amorphous
solid (56.8 mg, 0.186 mmol, 93% vyield, UPLC/HRMS purity: >99.5%). Characterization data were
consistent to Beckl. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C19H32NO, 306.2428, found
306.2423.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 11
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Following the general procedure F, 3-azidopropanol 6 (30.5 mg, 0.302 mmol, 2.0 equiv) was reacted
with estrone 5a (40.6 mg, 0.150 mmol) to give I1 as a white amorphous solid (46.7 mg, 0.136 mmol,
91% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an automated MPLC system
using a 4 g normal phase silica column with gradient elution from 0-5% MeOH/CH,Cl,. Ri = 0.35 (5%
MeOH/CH,Cly); mp 228-235 °C; IR (neat) 3124, 1599 cm™; *H NMR (400 MHz, DMSO-dg) & 9.00 (s,
1H), 7.06 (d, J = 8.4 Hz, 1H), 6.51 (dd, J = 8.4, 2.6, 1H), 6.44 (d, J = 2.6 Hz, 1H), 3.39-3.22 (complex,
8H), 3.20-3.13 (m, 1H), 2.72 (m, 2H), 2.28 (m, 1H), 2.11 (m, 2H), 1.99 (m, 1H), 1.63-1.15 (complex,
6H), 1.02 (s, 3H); *C NMR (126 MHz, DMSO-ds) & 175.2, 155.0, 137.0, 130.2, 125.9, 114.6, 112.8,
58.3,46.3,43.9,43.4,42.3,40.4, 38.1, 34.4, 29.8, 29.3, 25.7, 25.5, 20.4, 17.9. HRMS (FT-ICR, HESI)
m/z: [M + H]" calcd for C21H3NO3 344.2220, found 344.2214.

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactams, 12 and J1

Following the general procedure F, (S)-3-azido-2-methylpropanol (S)-8 (46.0 mg, 0.400 mmol, 2.0
equiv) was reacted with estrone 5a (54.0 mg, 0.200 mmol) to afford a separable mixture of two
regioisomeric lactams 12 (37.1 mg, 0.104 mmol, 52% yield, UPLC/HRMS purity: >99.5%) and J1 (24.2
mg, 0.068 mmol, 34% yield, UPLC/HRMS purity: >99.5%). A 60:40 regioisomeric ratio was observed
by analytical HPLC of crude reaction mixture: Chiralpak IA, Daicel Chemical Industries, Ltd.; 0-30%
EtOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; 12 = 40.48 min, J1 = 48.09 min.
Purification was carried out by an automated MPLC system using a 12 g normal phase silica column
with gradient elution from 0-80% EtOAc/hexanes. 12: R: = 0.48 (80% EtOAc/hexanes); mp 189-200
°C; IR (neat) 3197, 1615, 1602 cm™; *H NMR (400 MHz, DMSO-ds) & 9.00 (s, 1H), 7.06 (d, J = 8.4
Hz, 1H), 6.51 (dd, J = 8.4, 2.6 Hz, 1H), 6.44 (d, J = 2.5 Hz, 1H) 4.42 (t, J = 5.5 Hz, 1H), 3.37-3.19
(complex, 6H), 3.00 (dd, J = 13.2, 7.3 Hz, 1H), 2.72 (m, 2H), 2.27 (m, 1H), 2.17-2.08 (m, 2H), 1.98
(m, 1H), 1.88 (m, 1H), 1.65-1.15 (complex, 6H), 1.03 (s, 3H), 0.79 (dd, J = 6.8 Hz, 3H); *C NMR (126
MHz, DMSO-ds) 6 175.6, 155.0, 137.0, 130.2, 126.0, 114.7, 112.8, 63.7, 48.9, 46.9, 43.9, 42.3, 40.6,
38.2,34.5,33.6,29.4, 25.8, 25.6, 20.5, 18.1, 14.9. HRMS (FT-ICR, HESI) m/z calcd for C22H3z>NO3 [M
+ H]* 358.2377, found 358.2372. J1: R = 0.29 (80% EtOAc/hexanes); mp 255-268 °C; IR (neat) 3135,
1569 cm™; 'H NMR (400 MHz, DMSO-ds) & 9.02 (s, 1H), 7.06 (d, J = 8.4 Hz, 1H), 6.52 (dd, J = 8.4,
2.6 Hz, 1H), 6.45 (d, J = 2.6 Hz, 1H), 4.43 (t, J = 5.5 Hz, 1H), 3.38 (dd, J = 14.0, 8.0 Hz, 1H), 3.28-
3.16 (m, 3H), 2.72 (m, 2H), 2.40-2.33 (m, 3H), 2.26 (m, 1H), 2.16 (m, 1H), 2.04-1.92 (m, 2H), 1.84
(h, J=6.9, 6.2 Hz, 1H), 1.65 (m, 1H), 1.55-1.36 (m, 2H), 1.29-1.15 (m, 3H), 1.12 (s, 3H), 0.79 (d, J =
6.8 Hz, 3H); 3C NMR (126 MHz, DMSO-ds) 6 170.4, 155.1, 137.0, 129.9, 126.0, 114.6, 112.8, 64.3,
59.5,46.7, 42.9, 41.8, 40.1, 37.5, 37.0, 31.0, 29.4, 26.6, 25.8, 19.5, 19.2, 15.3. HRMS (FT-ICR, HESI)
m/z: [M + H]* calcd for C22H33NO3 358.2377, found 358.2370.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 13
Following the general procedure F, (R)-3-azido-2-methylpropanol (R)-8 (34.5 mg, 0.300 mmol, 2.0
equiv) was reacted with estrone 5a (40.6 mg, 0.150 mmol) to give 13 as a white amorphous solid (45.8
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mg, 0.128 mmol, 85% yield, UPLC/HRMS purity: 96.4%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-50%
EtOAc/hexanes. Ry = 0.15 (50% EtOAc/hexanes); mp 219-222 °C; IR (neat) 3514, 1602 cm™; *H NMR
(400 MHz, DMSO-ds) 8 9.00 (s, 1H), 7.06 (d, J = 8.4 Hz, 1H), 6.51 (dd, J = 8.4, 2.6 Hz, 1H), 6.44 (d,
2.6 Hz, 1H), 4.37 (m, 1H), 3.36-3.16 (complex, 5H), 2.95 (dd, J = 13.3, 7.2 Hz, 1H), 2.72 (m, 2H),
2.28 (m, 1H), 2.17-2.09 (m, 2H), 1.99 (m, 2H), 1.88 (h, J = 6.8 Hz, 1H), 1.61-1.15 (complex, 6H), 3.02
(s, 3H), 0.81 (d, J = 6.8 Hz, 3H); **C NMR (151 MHz, DMSO-dg) & 175.7, 155.0, 137.0, 130.2, 126.0,
114.7, 112.8, 63.8, 49.0, 46.9, 43.8, 42.3, 40.6, 38.1, 34.5, 33.5, 29.4, 25.8, 25.6, 20.4, 18.1, 14.9.
HRMS (FT-ICR, HESI) m/z: [M + H]" calcd for C22H3,NO3 358.2377, found 358.2371.

OH

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 14

Following the general procedure F, (R)-3-azidobutanol (R)-10 (33.8 mg, 0.294 mmol, 2.0 equiv) was
reacted with estrone 5a (40.4 mg, 0.149 mmol) to give 14 as a white amorphous solid (46.2 mg, 0.129
mmol, 86% yield, UPLC/HRMS purity: 97.9%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-4% MeOH/CHCl.. R¢ =
0.38 (5% MeOH/CH,Cl,); mp 246-242 °C; IR (neat) 3160, 1585 cm™; *H NMR (600 MHz, DMSO-ds)
5 8.95 (s, 1H), 7.05 (d, J = 8.5 Hz, 1H), 6.52 (dd, J = 8.4, 2.6 Hz, 1H), 6.44 (d, J = 2.6 Hz, 1H), 4.57
(m, 1H), 4.27 (t, J = 5.4 Hz, 1H), 3.30 (m, 1H), 3.21-3.10 (m, 2H), 2.73 (m, 1H), 2.27 (m, 1H), 2.16—
1.98 (complex, 4H), 1.64 (m, 1H), 1.55-1.41 (complex, 4H), 1.34-1.15 (complex, 3H), 1.06 (d, J = 6.9
Hz, 3H), 1.02 (s, 3H); 3C NMR (151 MHz, DMSO-ds) & 175.2, 154.9, 136.9, 130.2, 125.8, 114.6,
112.7, 58.1, 44.8, 43.6, 42.2, 40.8, 38.1, 36.1, 34.5, 29.2, 25.7, 25.5, 20.3, 18.0, 17.3. Note: Missing
one carbon signal due to signal overlap; APT has been included in the spectra section. HRMS (FT-ICR,
HESI) m/z: [M + H]* calcd for C22H32NO3; 358.2377, found 358.2371.

OH

MeO

3-Methoxy-1,3,5-estratriene-derived D-Ring Lactam, 15

Following the general procedure F, 3-azidopropanol 6 (30.6 mg, 0.303 mmol 2.0 equiv) was reacted
with estrone 3-methyl ether 5b (42.7 mg, 0.150 mmol) to give 15 as an off-white amorphous solid (50.0
mg, 0.140 mmol, 93% yield, UPLC/HRMS purity: 97.8%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CH,Cl,. Rt = 0.35 (5% MeOH/CH,Cly); mp 142-145 °C; IR (neat) 3354, 1601 cm’; *H NMR
(400 MHz, CDCls) 6 7.22 (d, J = 8.6 Hz, 1H), 6.73 (dd, J = 8.6, 2.8 Hz, 1H), 6.63 (d, J = 2.6 Hz, 1H),
4.20 (br s, 1H), 3.77 (s, 3H), 3.68 (ddd, J = 14.0, 8.2, 4.6 Hz, 1H), 3.52-3.41 (m, 2H), 3.89-3.25 (m,
3H), 2.87 (m, 2H), 2.41-2.32 (m, 2H), 2.30-2.21 (m, 1H), 2.06 (m, 2H), 1.79-1.21 (complex, 8H), 1.16
(s, 3H); *C NMR (101 MHz, CDCl3) 6 178.2, 157.8,137.6, 132.3,126.4, 113.7, 111.8, 58.0, 55.3, 47.0,
44.7,43.0,42.9, 41.4, 38.5, 34.6, 30.0, 29.4, 26.4, 25.9, 21.0, 18.5. HRMS (FT-ICR, HESI) m/z: [M +
H]* calcd for C22H3NO3 358.2377, found 358.2371.
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3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 17

Following the general procedure F, (R)-2-azido-3-phenylpropanol (R)-14 (53.2 mg, 0.300 mmol, 2.0
equiv) was reacted with estrone 5a (41.2 mg, 0.152 mmol) to give 17 as a white crystalline solid (45.6
mg, 0.109 mmol, 72% vyield, UPLC/HRMS purity: 98.5%) containing a minor uncharacterized
regioisomer. Purification was carried out by an automated MPLC system using a 12 g normal phase
silica column with gradient elution from 0-5% MeOH/CHClz. Rt = 0.40 (5% MeOH/CH:Cl>); IR (neat)
3298, 1609 cm*; mp 115-134 °C; *H NMR (400 MHz, DMSO-ds) & 9.00 (s, 1H), 7.25 (m, 2H), 7.18
(m, 3H), 7.03 (d, J = 8.5 Hz, 1H), 6.50 (dd, J = 8.4, 2.6 Hz, 1H), 6.42 (d, J = 2.7 Hz, 1H), 4.73 (m, 1H),
3.57 (m, 1H), 3.48 (m, 1H), 3.14 (m, 2H), 2.82 (m, 2H), 2.69 (m, 3H), 2.21 (m, 1H), 2.00-1.86 (m, 3H),
1.40-1.03 (complex, 7H), 0.94 (s, 3H); **C NMR (151 MHz, DMSO-ds) & 175.6, 155.0, 138.9, 137.0,
130.2, 128.9 (2C), 128.0 (2C), 125.93, 125.90, 114.6, 112.8, 61.0, 43.1, 42.4, 40.7, 38.2, 34.7, 33.7,
29.3, 25.8, 25.5, 20.4, 17.5. Note: Missing two carbon signals due to signal overlap; *H and **C NMR
spectra of mixture are included in the spectra section. Characterization above only denote peaks of the
major regioisomer. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for Cy7H3:NO; 420.2533, found
420.2527.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 18

Following the general procedure F, (R)-2-azido-2-phenylethanol (R)-15 (41.7 mg, 0.256 mmol, 2.0
equiv) was reacted with estrone 5a (34.5 mg, 0.128 mmol) to give 18 as a yellow solid/oil (29.1 mg,
0.072 mmol, 56% vyield, UPLC/HRMS purity: >99.5%) containing a minor uncharacterized
regioisomer. Purification was carried out by an automated MPLC system using a 12 g normal phase
silica column with gradient elution from 0-2% MeOH/CHCl,. Rs = 0.17 (2% MeOH/CHCl;, run
twice); IR (neat) 3414, 3344, 1591 cm™!; *H NMR (400 MHz, DMSO-ds) & 8.99 (s, 1H), 7.34 (m, 2H),
7.26 (m, 3H), 7.05 (d, J = 8.5 Hz, 1H), 6.51 (dd, J = 8.4, 2.6 Hz, 1H), 6.43 (d, J = 2.6 Hz, 1H), 5.63 (t,
J=7.3Hz, 1H), 4.87 (t, J = 5.5 Hz, 1H), 3.92 (m, 1H), 3.83 (m, 1H), 2.84 (m, 1H), 2.70 (m, 2H), 2.28
(m, 1H), 2.13 (m, 1H), 1.93 (m, 1H), 1.58-1.11 (complex, 8H), 1.08 (s, 3H); *C NMR (101 MHz,
DMSO-ds) 6 175.8, 155.0, 138.5, 137.0, 130.2, 128.3 (2C), 127.7 (2C), 126.9, 125.9, 114.6, 112.8, 59.7,
56.4, 43.3,42.1, 41.1, 40.9, 38.4, 34.8, 29.3, 25.7, 25.6, 20.4, 17.8. Note: *H and *C NMR spectra of
mixture are included in the spectra section. Characterization above only denote peaks of the major
regioisomer. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CsH32NO3 406.2377, found 406.2376.
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3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 19

Following the general procedure F, (R)-2-azido-4-methylpentanol (R)-16 (43.4 mg, 0.303 mmol, 2.0
equiv) was reacted with estrone 5a (41.6 mg, 0.153 mmol) to give 19 as a white crystalline solid (40.2
mg, 0.104 mmol, 68% yield, UPLC/HRMS npurity: 98.8%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-5%
MeOH/CH,Cl,. Rs = 0.17 (5% MeOH/CH,Cl,); IR (neat) 3247, 1601 cm™; mp 117-142 °C; 'H NMR
(400 MHz, CDCls) 6 9.00 (s, 1H), 7.05 (d, J = 8.5 Hz, 1H), 6.51 (dd, J = 8.5, 2.5 Hz, 1H), 6.44 (d, J =
2.6 Hz, 1H), 4.58 (t, J = 5.6 Hz, 1H), 4.48 (m, 1H), 3.42-3.24 (m, 3H), 3.09 (m, 1H), 2.72 (m, 2H),
2.29-2.25 (m, 1H), 2.17-2.08 (m, 2H), 2.00-1.97 (m, 2H), 1.56-1.45 (complex, 9H), 1.02 (s, 3H), 0.87
(dd, J = 8.5, 6.3 Hz, 6H); **C NMR (151 MHz, CDCl3) § 175.6, 155.0, 137.0, 130.3, 125.9, 114.6,
112.8, 61.8, 43.6, 42.3, 40.9, 38.4, 36.2, 34.9, 29.4, 25.7, 25.6, 24.4, 23,5, 21.9, 20.5, 17.8. Note:
Missing two carbon signals due to signal overlap. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for
C24H3sNO3 386.2690, found 386.2684.

3-Hydroxy-1,3,5-estratriene-derived D-Ring Thioamide, 110

Following the general procedure G, 110 was prepared as a white amorphous solid (55.1 mg, 0.153
mmol, 51% yield, UPLC/HRMS purity: 92.0%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-1.5% MeOH/CHCl.. R¢
= 0.40 (5% MeOH/CH,Cl,); mp 216-219 °C; IR (neat) 3227, 1531, 1501 cm’; 'H NMR (400 MHz,
DMSO-ds) 8 8.99 (s, 1H), 7.06 (d, J = 8.5 Hz, 1H), 6.52 (d, J = 8.5 Hz, 1H), 6.44 (s, 1H), 4.50 (m, 1H),
4.02 (m, 1H), 3.78 (m, 1H), 3.63 (m, 1H), 3.51 (m, 1H), 3.43 (m, 2H), 2.70 (m, 3H), 2.31 (m, 1H), 2.07
(m, 3H), 1.81 (m, 2H), 1.64-1.15 (complex, 6H), 1.08 (s, 3H); 3C NMR (126 MHz, DMSO-ds) 5 207.8,
155.0, 137.0, 130.2, 126.0, 114.7, 112.8, 58.5, 52.2, 50.6, 45.2, 42.3, 41.9, 39.3, 29.4, 28.2, 26.4, 25.8,
20.6, 20.4. Note: Missing one carbon signal due to signal overlap. HRMS (FT-ICR, HESI) m/z: [M +
H]* calcd for C21H3NO,S 360.1992, found 360.1990.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Oxazinane, 111

Following the general procedure G, 111 was prepared as a white amorphous solid (54.2 mg, 0.166
mmol, 83% yield, LCMS purity: >99.5%). Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column with gradient elution from 0-8% MeOH (0.5%
NH4OH)/CH:Cl2. Rf=0.20 (5% MeOH (0.5% NH4OH)/CH2Cl2); mp 206-212 °C; IR (neat) 2936, 2851,
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1609, 1509 cm%; 'H NMR (400 MHz, DMSO-de) & 8.97 (s, 1H), 7.03 (d, J = 8.6 Hz, 1H), 6.50 (dd, J =
8.4, 2.6 Hz, 1H), 6.42 (d, J = 2.6 Hz, 1H), 3.93 (m, 1H), 3.29 (m, 1H), 2.83-2.67 (m, 4H), 2.21 (m, 1H),
2.12 (m, 1H), 2.05-1.90 (m, 3H), 1.84-1.68 (m, 2H), 1.56 (m, 1H), 1.40 (m, 1H), 1.30-1.10 (complex,
6H), 1.03-0.96 (m, 1H), 0.89 (s, 3H); °C NMR (126 MHz, DMSO-dg) 5 154.9, 137.0, 130.4, 125.9,
114.7, 112.8, 101.1, 66.5, 53.9, 53.6, 47.3, 42.8, 37.9, 37.7, 35.5, 29.4, 25.7, 25.6, 25.4, 23.0, 13.6.
HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CoiHaoNO, 328.2271, found 328.2267.

3-Hydroxy-1,3,5-estratriene-derived D-Ring Oxazinane, 112

Following the general procedure G, 112 was prepared as a white amorphous solid (53.9 mg, 0.164
mmol, 82% yield, LCMS purity: >99.5%). Purification was carried out by an automated MPLC system
using a 12 g normal phase silica column with gradient elution from 0-10% MeOH (0.5%
NH4OH)/CH2Cl2. Rf=0.20 (5% MeOH (0.5% NH4OH)/CH2Cl2); mp 212-215 °C; IR (neat) 2936, 2855,
1610, 1505 cm*; *H NMR (400 MHz, DMSO-dg) & 8.97 (s, 1H), 7.03 (d, J = 8.3 Hz, 1H), 6.50 (dd, J =
8.4,2.6 Hz, 1H), 6.42 (d, J = 2.6 Hz, 1H), 3.93 (m, 1H), 3.30 (m, 1H), 2.83 (m, 1H), 2.75-2.68 (m, 3H),
2.21 (m, 1H), 2.12 (m, 1H), 2.05-1.89 (m, 3H), 1.84-1.68 (m, 2H), 1.55 (m, 1H), 1.40 (m, 1H), 1.30-
1.05 (complex, 5H), 1.02-0.96 (m, 1H), 0.89 (s, 3H); *C NMR (126 MHz, DMSO-ds)  154.9, 137.0,
130.4, 125.9, 114.7, 112.8, 101.1, 66.5, 53.9, 53.6, 47.3, 42.8, 37.9, 37.6, 35.5, 29.4, 25.7, 25.6, 25.4,
23.0, 13.6. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C21H2sDNO; 329.2334, found 329.2329.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 113

Following the general procedure G, 113 was prepared as an off-white amorphous solid (45.2 mg, 0.123
mmol, 82% yield, UPLC/HRMS purity: 94.5%). Purification was carried out by an automated MPLC
system using a 4 g normal phase silica column with gradient elution from 0-30% EtOAc/hexanes. Rs =
0.50 (50% EtOAc/hexanes); mp 204-210 °C; IR (neat) 3323, 2098, 1619, 1607 cm™; *H NMR (400
MHz, DMSO-dg) 6 9.00 (s, 1H), 7.06 (d, J = 8.4 Hz, 1H), 6.51 (dd, J = 8.4, 2.7 Hz, 1H), 6.43 (d, J =
2.6 Hz, 1H), 3.40-3.14 (complex, 6H), 2.72 (m, 2H), 2.28 (m, 1H), 2.11 (m, 2H), 2.00 (m, 2H), 1.72
(p, J = 6.9 Hz, 2H), 1.61-1.11 (complex, 6H), 1.02 (s, 3H); 3C NMR (101 MHz, DMSO-ds) & 175.1,
155.0, 137.0, 130.2, 125.8, 114.6, 112.8, 48.6, 46.3, 43.8, 43.7, 42.3, 40.5, 38.1, 34.4, 29.3, 25.9, 25.7,
25.5, 20.4, 17.9. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C1H2N4O, 369.2285, found
369.2283.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 114
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Following the general procedure G, 114 was prepared as an off-white amorphous solid (40.6 mg, 0.0932
mmol, 62% yield, UPLC/HRMS purity: 97.8%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0—-60% EtOAc/hexanes. Rt
= 0.63 (50% EtOAc/hexanes); mp 209-215 °C; IR (neat) 3053, 1560, 1585 cm™; *H NMR (400 MHz,
DMSO-ds) 6 9.01 (s, 1H), 7.32 (m, 4H), 7.19 (m, 1H), 7.05 (d, J = 8.5 Hz, 1H), 6.51 (dd, J = 8.4, 2.6
Hz, 1H), 6.44 (d, J = 2.6 Hz, 1H), 3.41 (m, 1H), 3.32-3.19 (m, 4H), 2.91 (m, 2H), 2.72 (m, 2H), 2.26
(m, 1H), 2.10 (m, 2H), 1.98 (m, 1H), 1.76 (p, J = 7.2 Hz, 2H), 1.57-1.14 (complex, 6H), 1.01 (s, 3H);
13C NMR (126 MHz DMSO-dg) § 175.2, 155.0, 137.0, 136.3, 130.2, 129.1 (2C), 128.0 (2C), 126.0,
125.6, 114.7, 112.8, 46.5, 45.4, 43.8, 42.3, 40.5, 38.1, 34.4, 29.7, 29.4, 26.3, 25.8, 25.6, 20.4, 18.0.
HRMS (FT-ICR, HESI) m/z: calcd for C27H3sNO.S [M + H]* 436.2305, found 436.2301.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 115

Following the general procedure G, 115 was prepared as a white amorphous solid (40.2 mg, 0.0894
mmol, 60% yield, UPLC/HRMS purity: 99.0%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-50% EtOAc/hexanes. Rt
=0.50 (50% EtOAc/hexanes); mp 208-212 °C; IR (neat) 3282, 1602 cm*; *H NMR (400 MHz, DMSO-
de) 8 9.00 (s, 1H), 7.22 (m, 2H), 7.13 (m, 2H), 7.05 (d, J = 8.4 Hz, 1H), 6.51 (dd, J = 8.4, 2.6 Hz, 1H),
6.44 (d, J = 2.6 Hz, 1H), 3.39 (m, 1H), 3.29-3.16 (m, 3H), 2.86 (m, 2H), 2.72 (m, 2H), 2.32-2.25 (m,
4H, contains s, 2.26, 3H), 2.10 (m, 2H), 1.97 (m, 2H), 1.72 (p, J = 7.2 Hz, 2H), 1.60-1.14 (complex,
6H), 1.00 (s, 3H); *C NMR (126 MHz, DMSO-dg) § 175.1, 155.0, 137.0, 135.3, 132.4, 130.2, 129.7
(2C), 128.9 (2C), 126.0, 114.7, 112.8, 46.4, 45.4, 43.8, 42.3, 40.5, 38.1, 34.4, 30.4, 29.4, 26.4, 25.8,
25.6, 20.5, 20.4, 18.0. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH3sNO2S 450.2461, found
450.2458.

M
HO OMe

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 116

Following the general procedure G, 116 was prepared as an off-white crystalline solid (44.0 mg, 0.0945
mmol, 63% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an automated MPLC
system using a 12 g normal phase silica column with gradient elution from 0-80% EtOAc/hexanes. R¢
=0.38 (50% EtOAc/hexanes); mp 206-209 °C; IR (neat) 3301, 1618, 1606 cm™; *H NMR (400 MHz,
DMSO-dg) & 9.00 (s, 1H), 7.32 (m, 2H), 7.05 (d, J = 8.4 Hz, 1H), 6.91 (m, 2H), 6.51 (dd, J = 8.4, 2.6
Hz, 1H), 6.44 (d, J = 2.6 Hz, 1H), 3.74 (s, 3H), 3.37 (m, 1H), 3.29-3.16 (m, 3H), 2.78 (m, 2H), 2.72
(m, 2H), 2.27 (m, 1H), 2.11 (m, 2H), 1.98 (m, 2H), 1.69 (p, J = 7.2 Hz, 2H), 1.59-1.16 (complex, 6H),
1.00 (s, 3H); °C NMR (126 MHz, DMSO-ds) & 175.1, 158.3, 155.0, 137.0, 132.2 (2C), 130.2, 125.97
(2C), 125.91, 114.8, 114.7, 112.8, 55.2, 46.4, 45.3, 43.8, 42.3, 40.5, 38.1, 34.4, 32.0, 29.4, 26.4, 25.8,
25.6, 20.4, 18.0. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for CasH3sNOsS 466.2410, found
466.2408.
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3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, 117

Following the general procedure H, 117 was prepared as a white crystalline/amorphous solid (58.8 mg,
0.125 mmol, 63% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 30-85%
EtOAc/hexanes. Ry = 0.30 (80% EtOAc/hexanes); mp 217-223 °C; IR (neat) 3363, 1593 cm™; *H NMR
(400 MHz, DMSO-ds) 6 9.00 (s, 1H), 8.60 (s, 1H), 7.84 (m, 2H), 7.44 (m, 2H), 7.32 (m, 1H), 7.04 (d,
J=8.5Hz, 1H), 6.51 (dd, J = 8.4, 2.6 Hz, 1H), 6.44 (d, J = 2.6 Hz, 1H), 4.37 (t, J = 7.0 Hz, 1H), 3.39-
3.35 (m, 2H), 3.29-3.21 (m, 2H), 2.71 (m, 2H), 2.25 (m, 1H), 2.16-2.06 (m, 5H), 1.98 (m, 2H), 1.59—
1.17 (complex, 6H), 1.02 (s, 3H); *C NMR (126 MHz, DMSO-dg) 6 175.4, 155.0, 146.3, 137.0, 130.4,
130.2,128.9 (2C), 127.8,126.0, 125.1 (2C), 121.4, 114.7,112.8, 47.7, 46.3, 43.8, 43.7, 42.2, 40.5, 38.1,
34.3, 29.4, 27.2, 25.8, 25.6, 20.4, 18.0. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2H3sN4O;
471.2755, found 471.2752.

HO

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, J2

Following the general procedure F, (S)-3-azidobutanol (S)-10 (34.6 mg, 0.300 mmol, 2.0 equiv) was
reacted with estrone 5a (40.5 mg, 0.150 mmol) to give J2 as an off-white amorphous solid (36.7 mg,
0.103 mmol, 68% yield, UPLC/HRMS purity: 96.1%). Purification was carried out by an automated
MPLC system using a 12 g normal phase silica column with gradient elution from 0-6%
MeOH/CH,Cl,. Rs = 0.13 (4% MeOH/CH.Cl,); mp 248-255 °C; IR (neat) 3328, 3114, 1620 cm™; H
NMR (600 MHz, DMSO-ds) 8 8.96 (s, 1H), 7.05 (d, J = 8.6 Hz, 1H), 6.52 (dd, J = 8.5, 2.6 Hz, 1H),
6.45 (d, J = 2.6 Hz, 1H), 4.33 (t, J = 5.0 Hz, 1H), 3.62 (m, 1H), 3.45-3.34 (m, 2H), 2.73 (m, 2H), 2.39—
2.19 (complex, 5H), 2.12-2.02 (m, 2H), 1.86 (m, 2H), 1.55 (m, 1H), 1.44-1.33 (m, 2H), 1.30 (d, J =
6.5 Hz, 3H), 1.27-1.20 (m, 3H), 1.15 (s, 3H); *C NMR (151 MHz, DMSO-dg) & 168.8, 155.0, 136.9,
129.9, 125.8, 114.5, 112.8, 60.6, 58.5, 47.7, 46.6, 42.0, 39.3, 38.4, 36.9, 33.0, 29.2, 26.9, 25.9, 18.61,
18.56, 18.1. Note: APT has been included in the spectra section. HRMS (FT-ICR, HESI) m/z: [M + H]*
calcd for Cx2H32NO3 358.2377, found 358.2370.
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3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactams, 16 and J3

Following the general procedure F, 2-azidoethanol 12 (26.1 mg, 0.300 mmol, 2.0 equiv) was reacted
with estrone 5a (40.6 mg, 0.150 mmol) to give a mixture of 16:J3 as an off-white amorphous solid (46.3
mg, 0.141 mmol, 94% yield). Purification was carried out by an automated MPLC system using a 12 g
normal phase silica column with gradient elution from 0-5% MeOH/CH,Cl,. A 30:70 regioisomeric
ratio was observed by analytical HPLC of crude reaction mixture: Chiralpak IB, Daicel Chemical
Industries, Ltd.; 0-30% EtOH/hexanes over 60 min; flow rate 1.0 mL/min; UV 220 nm; 16 = 28.03
min, J3 = 34.55 min. The mixture was subjected to a second purification using Chiralpak IB prep HPLC
with gradient elution from 0-5% EtOH/hexanes over 60 min to give 16 (36.1 mg, 0.110 mmol, 27%
yield, UPLC/HRMS purity: 98.1%) as a white amorphous solid and J3 (68.9 mg, 0.209 mmol, 52%
yield, UPLC/HRMS purity: 99.0%) as a white amorphous solid. 16 + J3 mixture: Rf = 0.38 (5%
MeOH/CHCL,); IR (neat) 3334, 1596, 1567 cm™. Note: *H and *C NMR spectra of mixture are
included in the spectra section. 16: mp decomposed; IR (neat) 3479, 3309, 1595 cm*; 'H NMR (400
MHz, DMSO-ds) 6 9.03 (s, 1H), 7.06 (d, J = 8.5 Hz, 1H), 6.51 (dd, J = 8.4, 2.7 Hz, 1H), 6.44 (d, J =
2.6 Hz, 1H), 4.64 (m, 1H), 3.49-3.16 (complex, 5H), 2.72 (m, 2H), 2.28 (m, 1H), 2.17-2.07 (m, 2H),
1.97 (m, 2H), 1.60-1.14 (complex, 7H), 1.02 (s, 3H); **C NMR (126 MHz, DMSO-ds) § 175.2, 155.1,
137.0, 130.2, 126.0, 114.7, 112.8, 58.6, 49.2, 47.7, 43.8, 42.4, 40.5, 38.1, 34.5, 29.4, 25.8, 25.6, 20.5,
18.1. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C0H2sNO3 330.2064, found 330.2059. J3: mp
259-262 °C; IR (neat) 3332, 1566 cm™; *H NMR (400 MHz, DMSO-dg) & 9.02 (s, 1H), 7.06 (d, J=8.5
Hz, 1H), 6.52 (dd, J = 8.4, 2.6 Hz, 1H), 6.44 (d, J = 2.6 Hz, 1H), 4.67 (t, J = 5.4 Hz, 1H), 3.58-3.45 (m,
2H), 3.33 (m, 1H), 3.13 (m, 1H), 2.72 (m, 2H), 2.41-2.15 (complex, 5H), 2.03 (m, 1H), 1.92 (m, 1H),
1.59 (m, 1H), 1.49-1.35 (m, 2H), 1.30-1.19 (m, 3H), 1.11 (s, 3H); *C NMR (126 MHz, DMSO-ds) &
169.7,155.1, 137.0, 129.9, 126.1, 114.6, 112.9, 60.0, 59.2, 46.9, 43.4, 42.0, 39.6, 37.4, 31.3, 29.4, 26.7,
25.8,18.9, 18.6. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C20H2sNO3 330.2064, found 330.2059.

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, J4

Following the general procedure F, (S)-2-azido-3-phenylpropanol (S)-14 (53.2 mg, 0.300 mmol, 2.0
equiv) was reacted with estrone 5a (40.6 mg, 0.150 mmol) to give J4 as a white amorphous solid (57.3
mg, 0.137 mmol, 91% yield, UPLC/HRMS purity: 96.8%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-80%
EtOAc/hexanes. Ry = 0.21 (50% EtOAc/hexanes); mp 246-253 °C; IR (neat) 3247, 1602 cm™; *H NMR
(400 MHz, DMSO-ds) 6 9.01 (s, 1H), 7.27 (m, 2H), 7.17 (3H), 7.01 (d, J = 8.5 Hz, 1H), 6.50 (dd, J =
8.4,2.6 Hz, 1H), 6.42 (d, J = 2.6 Hz, 1H), 4.98 (m, 1H), 3.72 (m, 2H), 3.50 (m, 1H), 3.27 (m, 1H), 3.09
(dd, J = 13.2, 5.9 Hz, 1H), 2.67 (m, 2H), 2.43-2.24 (m, 3H), 2.16 (m, 1H), 2.07 (m, 1H), 1.97 (m, 1H),
1.83 (m, 1H), 1.61 (m, 1H), 1.39 (m, 1H), 1.26-1.04 (m, 4H), 0.47 (s, 3H); **C NMR (126 MHz, DMSO-
de) 8 170.6, 155.1, 140.5, 137.0, 129.8, 129.5 (2C), 128.2 (2C), 126.1, 126.0, 114.6, 112.8, 63.4, 60.4,
59.7,47.6, 42.0, 39.6, 37.1, 34.4, 32.7, 29.3, 26.7, 25.9, 18.5, 17.6. HRMS (FT-ICR, HESI) m/z: [M +
H]* calcd for C2;H34NO3 420.2533, found 420.2525.
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3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, J5

Following the general procedure F, (S)-2-azido-2-phenylethanol (S)-15 (64.6 mg, 0.396 mmol, 2.0
equiv was reacted with estrone 5a (54.5 mg, 0.201 mmol) to give J5 as a white amorphous solid (41.5
mg, 0.102 mmol, 51% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-2%
MeOH/CHCl.. Rs = 0.23 (2% MeOH/CH,Cl,); mp 254-259 °C; IR (neat) 3233, 1734 cm™; 'H NMR
(400 MHz, CDCls) 6 9.02 (s, 1H), 7.36 (d, J = 7.7 Hz, 2H), 7.25 (m, 2H), 7.15 (m, 1H), 7.07 (d, J = 8.5
Hz, 1H), 6.53 (dd, J = 8.4, 2.7 Hz, 1H), 6.45 (d, J = 2.6 Hz, 1H), 5.02 (t, J = 5.4 Hz, 1H), 4.16 (m, 1H),
4.03 (m, 1H), 2.74 (m, 1H), 2.43-2.27 (m, 5H), 2.07-2.05 (m, 1H), 1.99-1.92 (m, 1H), 1.78 (m, 1H),
1.60-1.44 (m, 2H), 1.33-1.21 (m, 4H), 1.14 (s, 3H); *C NMR (101 MHz, CDCl3) § 170.1, 155.1, 141.0,
137.0, 129.9, 127.5, 127.2, 126.0, 125.7, 114.6, 112.8, 65.4, 64.9, 61.1, 59.2, 47.8, 42.0, 37.5, 32.5,
29.3, 27.0, 26.0, 19.2, 18.6, 15.1. Note: Missing one carbon signal due to signal overlap. APT has been
included in the spectra section. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C2sH32NO3 406.2377,
found 406.2370.

3-Hydroxy-1,3,5-estratriene-derived D-Ring Lactam, J6

Following the general procedure F, (S)-2-azido-4-methylpentanol (S)-16 (43.0 mg, 0.300 mmol, 2.0
equiv) was reacted with estrone 5a (0.0411 mg, 0.152 mmol to give J6 as a white amorphous solid
(50.6 mg, 0.131 mmol, 86% yield, UPLC/HRMS purity: >99.5%). Purification was carried out by an
automated MPLC system using a 12 g normal phase silica column with gradient elution from 0-80%
EtOAc/hexanes. R = 0.25 (50% EtOAc/hexanes); mp 233-236 °C; IR (neat) 3152, 1598, 1571 cm?; H
NMR (400 MHz, DMSO-dg) 6 9.02 (s, 1H), 7.06 (d, J = 8.4 Hz, 1H), 6.52 (dd, J = 8.4, 2.6 Hz, 1H),
6.44 (d, J = 2.6 Hz, 1H), 4.96 (dd, J = 6.7, 4.4 Hz, 1H), 3.75 (m, 1H), 3.56 (m, 1H), 3.42 (m, 1H), 2.73
(m, 2H), 2.40-2.15 (complex, 6H), 2.03 (m, 1H), 1.88 (m, 1H), 1.64 (m, 2H), 1.48-1.15 (complex 9H,
contains s, 1.15, 3H), 0.90 (dd, J = 18.9, 6.5 Hz, 6H); *C NMR (126 MHz, DMSO-dg) 5 170.2, 155.1,
136.9, 129.9, 125.9, 114.6, 112.8, 63.7, 60.7, 54.9, 47.5, 41.9, 39.5, 37.3, 32.5, 29.3, 26.9, 25.9, 25.4,
23.7,22.3, 18.9, 18.5. Note: Missing one carbon signals due to signal overlap. APT has been included
in the spectra section. HRMS (FT-ICR, HESI) m/z: [M + H]* calcd for C24H3sNO3; 386.2690, found
386.2683.
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Supplementary Figures

Supplementary Figure 16. *H NMR spectrum in CDCls, 400 MHz, of S1.
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Supplementary Figure 17. **C NMR spectrum in CDCls, 101 MHz, of S1.
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Supplementary Figure 18. *H NMR spectrum in CDCls, 400 MHz, of 1.
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Supplementary Figure 19. *C NMR (APT) spectrum in CDCls, 101 MHz, of 1.
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Supplementary Figure 20. *H NMR spectrum in CDCls, 400 MHz, of 2.
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Supplementary Figure 21. *3C NMR spectrum in CDCls, 101 MHz, of 2.
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Supplementary Figure 22. *H NMR spectrum in CDCls, 400 MHz, of 3.
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Supplementary Figure 23. *C NMR spectrum in CDCls, 101 MHz, of 3.
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Supplementary Figure 24. *H NMR spectrum in CDCls, 400 MHz, of 6.
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Supplementary Figure 25. *C NMR spectrum in CDCls, 101 MHz, of 6.
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Supplementary Figure 26. *H NMR spectrum in CDCls, 400 MHz, of S2.
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Supplementary Figure 27. **C NMR spectrum in CDCls, 101 MHz, of S2.
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Supplementary Figure 28. *H NMR spectrum in CDCls, 400 MHz, of (+)-7.
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Supplementary Figure 29. 3C NMR spectrum in CDCls, 101 MHz, of (+)-7.
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Supplementary Figure 30. *H NMR spectrum in CDCls, 400 MHz, of (R)-7.
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Supplementary Figure 31. 3C NMR spectrum in CDCls, 101 MHz, of (R)-7.
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Supplementary Figure 32. *H NMR spectrum in CDCls, 400 MHz, of (S)-7.
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Supplementary Figure 33. **C NMR spectrum in CDCls, 101 MHz, of (S)-7.
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Supplementary Figure 34. *H NMR spectrum in CDCls, 400 MHz, of (R)-8.
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Supplementary Figure 35. 3C NMR spectrum in CDCls, 101 MHz, of (R)-8.
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Supplementary Figure 36. *H NMR spectrum in CDCls, 400 MHz, of (S)-8.
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Supplementary Figure 37. **C NMR spectrum in CDCls, 101 MHz, of (S)-8.
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Supplementary Figure 38. *H NMR spectrum in CDCls, 400 MHz, of (R)-9.
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Supplementary Figure 39. 3C NMR spectrum in CDCls, 101 MHz, of (R)-9.
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Supplementary Figure 40. *H NMR spectrum in CDCls, 400 MHz, of S3.
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Supplementary Figure 41. **C NMR spectrum in CDCls, 101 MHz, of S3.
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Supplementary Figure 42. *H NMR spectrum in CDCls, 400 MHz, of (S)-9.
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Supplementary Figure 43. **C NMR spectrum in CDCls, 101 MHz, of (S5)-9.
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Supplementary Figure 44. *H NMR spectrum in CDCls, 400 MHz, of S4.
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Supplementary Figure 45. **C NMR spectrum in CDCls, 101 MHz, of S4.
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Supplementary Figure 46. *H NMR spectrum in CDCls, 400 MHz, of S5.
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Supplementary Figure 47. **C NMR spectrum in CDCls, 101 MHz, of S5.
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Supplementary Figure 48. *H NMR spectrum in CDCls, 400 MHz, of (R)-10.
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Supplementary Figure 49. *C NMR spectrum in CDCl3, 101 MHz, of (R)-10.
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Supplementary Figure 50. *H NMR spectrum in CDCls, 400 MHz, of S6.
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Supplementary Figure 51. 3C NMR spectrum in CDCls, 101 MHz, of S6.
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Supplementary Figure 52. *H NMR spectrum in CDCls, 400 MHz, of S7.
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Supplementary Figure 53. 3C NMR spectrum in CDCls, 101 MHz, of S7.
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Supplementary Figure 54. *H NMR spectrum in CDCls, 400 MHz, of (S)-10.
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Supplementary Figure 55. 3C NMR spectrum in CDCls, 101 MHz, of (S)-10.
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Supplementary Figure 56. *H NMR spectrum in CDCls, 400 MHz, of S8.
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Supplementary Figure 57. 3C NMR spectrum in CDCls, 101 MHz, of S8.
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Supplementary Figure 58. *H NMR spectrum in CDCls, 400 MHz, of (R)-11.
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Supplementary Figure 59. *C NMR spectrum in CDCls, 101 MHz, of (R)-11.
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Supplementary Figure 60. *H NMR spectrum in CDCls, 400 MHz, of S9.
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Supplementary Figure 61. 3C NMR spectrum in CDCls, 101 MHz, of S9.
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Supplementary Figure 62. *H NMR spectrum in CDCls, 400 MHz, of (S)-11.
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Supplementary Figure 63. 3C NMR spectrum in CDCls, 101 MHz, of (S)-11.
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Supplementary Figure 64. *H NMR spectrum in CDCls, 400 MHz, of 12.
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Supplementary Figure 65. *C NMR spectrum in CDCls, 101 MHz, of 12.
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Supplementary Figure 66. *H NMR spectrum in CDCls, 400 MHz, of S10.
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Supplementary Figure 67. 3C NMR spectrum in CDCls, 101 MHz, of S10.
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Supplementary Figure 68. *H NMR spectrum in CDCls, 400 MHz, of (S)-13.
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Supplementary Figure 69. 3C NMR spectrum in CDCls, 101 MHz, of (S)-13.
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Supplementary Figure 70. *H NMR spectrum in CDCls, 400 MHz, of S11.
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Supplementary Figure 71. *3C NMR spectrum in CDCls, 101 MHz, of S11.
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Supplementary Figure 72. *H NMR spectrum in CDCls, 400 MHz, of (R)-13.

bZIET—

0921 €Y
ZOEV £
PLGY E
e
LELY'E
0EBY'E
Li05'e])
prEsE

(23R

8206
L6086

GBGZ L
9662Z'L
6L0€°L
69lE’L
EEZE'L
LGZE'L
LBZE'L
9ZEE'L
GoEE’L
ZHEE'L
60pE’L
EEPE'L
L0GE'L
E9GE'L
LioEL
9998 L]
6048°L
08ig'L
LEBE'L
ogee’sl
£068°L
LG6E°L
610¥'L
Z60P L

z1eg'v|
e168'y
9006t

PBOY L
zzhpe’

o
P4
y
o
I

(R)-13

—

-—

Feivro

Feras

Foooo't

Feear

0.5

70 6.5 6.0 5.5 f (sﬁ?]m] 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Supplementary Figure 73. *3C NMR spectrum in CDCls, 101 MHz, of (R)-13.
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Supplementary Figure 74. *H NMR spectrum in CDCls, 400 MHz, of (S)-14.
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Supplementary Figure 75. 3C NMR spectrum in CDCls, 101 MHz, of (S)-14.
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Supplementary Figure 76. *H NMR spectrum in CDCls, 400 MHz, of (R)-14.
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Supplementary Figure 77. *3C NMR spectrum in CDCls, 101 MHz, of (R)-14.
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Supplementary Figure 78. *H NMR spectrum in CDCls, 400 MHz, of (S)-15.
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Supplementary Figure 79. 3C NMR spectrum in CDCls, 101 MHz, of (S)-15.
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Supplementary Figure 80. *H NMR spectrum in CDCls, 400 MHz, of (R)-15.
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Supplementary Figure 81. *3C NMR spectrum in CDCls, 101 MHz, of (R)-15.
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Supplementary Figure 82. *H NMR spectrum in CDCls, 400 MHz, of (S)-16.

LHEB0
LBZE'0
8pes’o
64F6°0
LESE 0
65960
Fage"0~=
ooreL

GL5Z')
z8s8z’l
Z8iT1
G682}
a16z't
Le0E)
6ZLE'L
ZLLE'L
apZe’l
6601
9zevl
LiZyL
LLED'L
9ery L
615¥'1
8L5¥'1
LigyL
Sliv'l
bELPL
EvEYL
PEEYL
PSLLL
LZEL')
Livl')
EESL)
8e8.L')
8a8.l'l
66441
BeBLL
o9el’t
L98L
6008}
reial
il
£8ze'}
el
G9EV'E
6205'E
F80S'E
PSISE
LOZS'E
0LZ5°EYf
LOES'E
9SES'E

FOFSE
B2SSE

9pes’E

LigEe
ZTE9'E
LPi9E
9589°E
LOBo'E
LZB9'E
FLOL'E
960L°E
SHLE
9LLLE
E9ZLE

lzele
09z 4

N3
S|

HO
M

Me

(S)-16

Fezars
th: i’
9850°+

%mmmu 4

memo.m
0000t

0.5

70 6.5 6.0 5.5 f (sﬁ?]m] 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Supplementary Figure 83. 3C NMR spectrum in CDCls, 101 MHz, of (S)-16.
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Supplementary Figure 84. *H NMR spectrum in CDCls, 400 MHz, of (R)-16.
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Supplementary Figure 86. *H NMR spectrum in CDCls, 600 MHz, of Al and B1.
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Supplementary Figure 87. 3C NMR spectrum in CDCls, 151 MHz, of Al and B1.

9.0 8.5 8.0 75 7.0 6.5

9.5

).0

£91Z°C1
£6LT'TL
cLlg8l
ZGea'gl
BLG}LE
A=l
LZOLZZ
6020'F2

BBEE FZ
£802'82

SGLFBE
2.09'8Z
005€'0E
198€°0E
900} LE
9086 LE
0Lgh'ZE
6061'ZE
FIEE FE
Lipl'GE
PCa6'5E
LGLE'BE
LL9EBE

>

£5.5 BE
ZEBY BE
06v0 0
0580°0
PRl 0P
AbLD L
QELF ED
Zhgey
SLEO PP
0LPS P
1898 F
GBCY Gt
L0Se' e
8580'zs
GG90'FS
A0LE'PS
Ch8e'8s
LBEG'8G
AN
apLL'8S
LLLE'BL
LOET'LL
BEBK LL

ZEQTLLY
b9gELLL

>

A1:B1 = 38:62

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

128



Supplementary Figure 88. COSY spectrum of Al and B1.
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Supplementary Figure 89. HSQC spectrum of Al and B1.
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Supplementary Figure 90. *H NMR spectrum in CDCls, 400 MHz, of A2 and B2.
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Supplementary Figure 91. 3C NMR spectrum in CDCls, 101 MHz, of A2 and B2.

7.5

9.0 8.5

9.5

854
L391E
6boL 0l ,_/
818481
AN
081F L2
086922
8rGe'ZE
B8 EZ
€65z ¥y
9562 b2
zov 4 8z
18pE'8T
7805'8Z
£8Y0'LE
PIED'ZE
arLlze
880728
LEGE PE
£821°GE
9016'GE
997198
8L97'9€
8ELELE
6390'88
| L9€ BE

al

Ll

.

30

GLV
LEEQ'BE
GGPO'BE
LLPE'BE
£L50°0F
GPLLOb
60P8 LY
[ATA A
[AR=lA
£65 1 Fh
8069'G
LOL8'GY
9L65'6Y
PLGE TG
GZ8T'FS
FELY BG
680€'95
902E'85
BGER 85
ObLE 85
6900°0L
a1 el
LBSLLL
QLI LL

PESS ST
6989'6Z)

ZPELLT)
EEEIY A
09etacl
E0LpBzl

ETET il
[l

LLLVALY
wmuwhiv

50:50

:B2 =

A2

10

20

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40
f1 (ppm)

190

130



Supplementary Figure 92. *H NMR spectrum in CDCls, 400 MHz, of A2.
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Supplementary Figure 93. *3C NMR spectrum in CDCls, 101 MHz, of A2.
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Supplementary Figure 94. *C NMR (APT) spectrum in CDCls, 101 MHz, of A2.
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Supplementary Figure 95. HSQC spectrum of A2.
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Supplementary Figure 96. *H NMR spectrum in CDCls, 400 MHz, of A3.
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Supplementary Figure 97. 3C NMR spectrum in CDCls, 101 MHz, of A3.
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Supplementary Figure 98. *H NMR spectrum in CDCls, 400 MHz, of A4.
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Supplementary Figure 99. *3C NMR spectrum in CDCls, 101 MHz, of A4.
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Supplementary Figure 100. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of A4.
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Supplementary Figure 101. HSQC spectrum of A4.



Supplementary Figure 102. *H NMR spectrum in CDCls, 400 MHz, of A5.
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Supplementary Figure 103. 3C NMR spectrum in CDCls, 101 MHz, of A5.
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Supplementary Figure 104. *H NMR spectrum in CDCls, 400 MHz, of A6 and B6.
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Supplementary Figure 105. 3C NMR spectrum in CDCls, 101 MHz, of A6 and B6.
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Supplementary Figure 106. COSY of A6 and B6.
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Supplementary Figure 107. HSQC of A6 and B6.
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Supplementary Figure 108. *H NMR spectrum in CDCls, 400 MHz, of A7 and B7.
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Supplementary Figure 109. **C NMR spectrum in CDCl3, 101 MHz, of A6 and B6.
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Supplementary Figure 110. *H NMR spectrum in CDCls, 400 MHz, of A8.
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Supplementary Figure 111. 3C NMR spectrum in CDCls, 101 MHz, of A8.
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Supplementary Figure 112. *H NMR spectrum in CDCls, 400 MHz, of B8.
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Supplementary Figure 113. 3C NMR spectrum in CDCls, 101 MHz, of BS.
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Supplementary Figure 114. *H NMR spectrum in CDCls, 400 MHz, of A9.
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Supplementary Figure 115. 3C NMR spectrum in CDCls, 126 MHz, of A9.
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Supplementary Figure 116. *H NMR spectrum in CDCls, 400 MHz, of A10.
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Supplementary Figure 117. 3C NMR spectrum in CDCls, 101 MHz, of A10.
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Supplementary Figure 118. *H NMR spectrum in CDCls, 400 MHz, of Al1.
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Supplementary Figure 119. 3C NMR spectrum in CDCls, 101 MHz, of A11.
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Supplementary Figure 120. *H NMR spectrum in CDCls, 400 MHz, of A12.
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Supplementary Figure 121. 3C NMR (APT) spectrum in CDCls, 101 MHz, of A12.
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Supplementary Figure 122. *H NMR spectrum in CDCls, 400 MHz, of B2.
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Supplementary Figure 123. 3C NMR spectrum in CDCls, 101 MHz, of B2.

9.0 8.5 8.0 75 7.0 6.5

9.5

).0

FOPE GV _
1EL281A
LBEV LT
089224
5ee6'zZ -
£rGE €T
G00E'+Z
£571 82
izpeeg
6225'8Z
566126
Bl51GE
PB0B GE~:
Le8z mmﬁ
98LE'8E
805968
zozeee]
LGirzrly
521G 6y
8ror'Z8 \
080E' bS5
ﬁqm.mi\
5203'35
0890027

omvm.mh/

09V LL—»
QLLY hh\

0985 §Z 1,
szbl L7 —
perv ezl

EEGE' PRI —

LPBOLLL—

|

b

il

I

o
-r

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

146



Supplementary Figure 124. 3C NMR (APT) spectrum in CDCls, 101 MHz, of B2.
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Supplementary Figure 125. HSQC spectrum of B2.
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Supplementary Figure 126. *H NMR spectrum in CDCls, 400 MHz, of B3.
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Supplementary Figure 127. 3C NMR spectrum in CDCls, 101 MHz, of B3.
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Supplementary Figure 128. *H NMR spectrum in CDCls, 400 MHz, of B4.
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Supplementary Figure 129. 3C NMR spectrum in CDCls, 126 MHz, of B4.
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Supplementary Figure 130. 3C NMR (APT) spectrum in CDCls, 126 MHz, of B4.

£850'Z1
90012} >
PLGL'8)

66£0 FNM
0089'22—
s9ze zz-f
88E6 EZf
2861 1T
BOLE'LT
95€1'8Z
580582
GLvYIE
9952 Z€
#695'ZE
1250'5E
8068'GE
6¥60'9E
L2LT 9E
7556 LE
£8p9'6E
1100'0F

8280F Zt
PRLE G
POBL'BY
£ELL'ES
LZP0'Ps
0ELE'SS
GOES BS
€28 8L
LBSLLL
QLiy il

BBLO'8Z1N
8EZ5'8Z1 7
Lege6'azl

0S80°6EL —

ZOrZ Ll —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

Supplementary Figure 131. HSQC spectrum of B4.
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Supplementary Figure 132. *H NMR spectrum in CDCls, 400 MHz, of B5.
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Supplementary Figure 133. 3C NMR spectrum in CDCls, 101 MHz, of B5.

7.5

9.0 8.5

9.5

[OLTR A}
omrm.mfuv
0524'81
191681
BOE} fN\w
1804°22

099622
LLBE'ET

BHOE FZ|
9089 LT
7851'82
£59€'8Z
08¥0'Z€
58YG'ZE
Zrelse
9516'GE
GESE'GE
0E8Z'9€
1984'9€
ObGE'8E
1259'6€
75£0°0b
70l zh

SCLY b
Zreg G
oLlE' 8y
6L60'FS
£TLE'BS
8815'85
GELG'BS
aipe' el
G651 LL
pLLF LLY

0LV LLL—

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

151



Supplementary Figure 134. *H NMR spectrum in CDCls, 400 MHz, of B9.
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Supplementary Figure 135. 3C NMR spectrum in CDCls, 126 MHz, of B9.
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Supplementary Figure 136. *H NMR spectrum in CDCls, 400 MHz, of B10.
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Supplementary Figure 137. 3C NMR spectrum in CDCls, 101 MHz, of B10.
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Supplementary Figure 138. *H NMR spectrum in CDCls, 500 MHz, of B11.
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Supplementary Figure 139. 3C NMR spectrum in CDCls, 126 MHz, of B11.
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Supplementary Figure 140. *H NMR spectrum in CDCls, 400 MHz, of B12.
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Supplementary Figure 141. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of B12.
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Supplementary Figure 142. *H NMR spectrum in CDCls, 400 MHz, of C1 and D1.
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Supplementary Figure 143. 3C NMR spectrum in CDCls, 126 MHz, of C1 and D1.
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Supplementary Figure 144. *H NMR spectrum in CDCls, 400 MHz, of C2.
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Supplementary Figure 145. **C NMR spectrum in CDCls, 126 MHz, of C2.
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Supplementary Figure 146. 3C NMR (APT) spectrum in CDCl3, 126 MHz, of C2.
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Supplementary Figure 147. 1D NOE spectrum in CDCls, 400 MHz, of C2.
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Supplementary Figure 148. 1D NOE spectrum in CDCls, 400 MHz, of C2.
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Supplementary Figure 149. HSQC spectrum of C2.
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Supplementary Figure 150. HMBC spectrum of C2.
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Supplementary Figure 151. *H NMR spectrum in CDCls, 400 MHz, of C3.
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Supplementary Figure 152. 3C NMR spectrum in CDCls, 126 MHz, of C3.
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Supplementary Figure 153. *H NMR spectrum in CDCls, 400 MHz, of C4.
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Supplementary Figure 154. 3C NMR spectrum in CDCls, 151 MHz, of C4.
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Supplementary Figure 155. *H NMR spectrum in CDCls, 400 MHz, of C5.
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Supplementary Figure 156. 3C NMR spectrum in CDCls, 101 MHz, of C5.
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Supplementary Figure 157. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of C5.
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Supplementary Figure 158. 1D NOE spectrum in CDCls, 400 MHz, of C5.
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Supplementary Figure 159.

H

HSQC spectrum of C5.
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Supplementary Figure 161. *H NMR spectrum in CDCls, 400 MHz, of C6.
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Supplementary Figure 162. **C NMR spectrum in CDCl3, 101 MHz, of C6.
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Supplementary Figure 163. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of C6.
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Supplementary Figure 164. 1D NOE spectrum in CDClI3, 400 MHz, of C6.
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Supplementary Figure 165. 1D NOE spectrum in CDCls, 400 MHz, of C6.
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Supplementary Figure 166. HSQC spectrum of C6.
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Supplementary Figure 168. *H NMR spectrum in CDCls, 400 MHz, of C7.
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Supplementary Figure 170. *H NMR spectrum in CDCls, 400 MHz, of C8.
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Supplementary Figure 171. **C NMR spectrum in CDCls, 151 MHz, of C8.
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Supplementary Figure 172. *H NMR spectrum in CDCls, 400 MHz, of C9.
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Supplementary Figure 174. *H NMR spectrum in CDCls, 400 MHz, of C10.
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Supplementary Figure 176. *H NMR spectrum in CDCls, 400 MHz, of C11.

5822 0y
5.98°0
128701
50060
g6l
1902
Lz
LisT
eLbT
vzsz
zele
LLLE
zeze
Lige
LEWY
ezzy
POEF
sesr
gLt
Babt
65€S
0stS
zass
6295
€195
1528
8825
5985
0165
SLLl
0s8L
6508
LrLg
ezze
5568
pies
SLb8
8656
0826
£966°
8zba'z
98992
PSLEE
Lzeee
LLIFE
L6t E
096t €
LS05°E
VS E
BINER
9zzae
orbaE
PeEr b
POSE
Thir
SEOEL
690E"L
SLEL
92ze L
LIZEL
LibEL
PSbE L
699€"L
169€E°L
TeLEL
oS~
ggae L
g06€' L

t
1

J—

—=Fz95LE

Li0L'
- L1050}

A YA}
rPES'0
OO

L200'L

0880'c

ZLLE'0

8620'1L
06F0°L
Fzeee0

L6kL'T
+800'L

——==== 0000}

Tesies

0.5

35 3.0 25 2.0 1.5

4.0

f1 (ppm)

spectrum in CDCls, 101 MHz, of C11.

o
o
N
S
~
N
P

5.5

6.0

6.5

70

7.5

8.5

9.0

9.5

ZEET UL~
oe6LzL

022012 —
SeSY'E —
020208
z£88°0¢
y159'Le "
5969
Rmmem\
mmrm.wm\
9/25°8¢
£262°0F
ovze Ly
9.58°2v
9lzs'ey
§82T'SY
S6LLSY
¥050'LS
mmrv.vm\
ov8e v
SZy89L

€091 2L
28LYVLL

86G6° _\w\

- ©
~ o
=N
o v
@ @
NN
~/

M

N
3
5
3

!

269S5°GLL —

Supplementary Figure 177. 1*C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

00

174



Supplementary Figure 178. *H NMR spectrum in CDCls, 400 MHz, of C12.

£024°0
£aze’
ziT
08vz’
Lese
vBgE
LOBT’
5867
5862
Lzee
6LEE
98vE’
alge
189€’
8g.g"
oo
zeor
a0y
(A4
peLY
gezy
Seer
Lzew
1298
£2.5
€188
0068
0rBg
gleg
108
6EV0Z
PRZLE
Lzwhe
08/22
6ZEEE
EELEE
1Z6E°E
BLOFE
LOLPE
5Z0'F
LLb0'
£690' 1
9905'91
58869
1£66'8
SE00L
#L00 LY
Z600'L
VL
OLbL
Lizve
gzel L
EErI
GLELL
pLOzL
pa0Z'L
LozL
ZIzL
valzL
V2T L
bZET L
SPEZL
S0vZ L
zaveL
Leze
085272
zooz'L
169z L]

__

:
:

Me

SPE6' 0
9686'C
BRES P

ZTTLL

1158
59912
9566 0
Zrean
0488}
Egeagz

Fivego
Foooo'+

% 588z
Frier

8zz0'}

TPSE0E
ZEH0'Z
589t'9

0.5

70 6.5 6.0 5.5 4.5 4.0 3.5 3.0 25 2.0 1.5
f1 (ppm)

7.5

9.0 8.5

9.5

1
BBIZ LI~
LezieL” ]
089602 E 3
¥69Z 1T e
seerez
0269'08~
£VGE 087
£L29 LE;
BEZE PE P —
LB06'PE
8508'9¢
PR A= 3
u £55€ 0t
sLzy Ly f
O ieger
Y= PEOLED f
O 506k «-
~ GBlE'SY
N zriois 3
I viosis
S serers 1
$906'9L
O “F0s9r Ll
N ppir E.H\
1 o018
-
@) 3
)] Hm
@)
o
>
=
=
(&}
5}
O 608z LZ)
V) 86LELZL~E —_——————————————
o ‘oersz ——s
0519624
= ossLoEl i
EOEE'EE L
Z L1885 LEL
Q sregipl
o
-
o [
N~
—
(3]
st
> 0] E
(=] =
LL socesLl e
o)
j
©
i)
[
£
e k-
o
o
>
wn

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

175



Supplementary Figure 180. *H NMR spectrum in CDCls, 400 MHz, of C13.
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Supplementary Figure 181. **C NMR spectrum in CDCls, 15
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Supplementary Figure 183. *C NMR spectrum in CDCls, 101 MHz, of C14.
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Supplementary Figure 184. *H NMR spectrum in CDCls, 400 MHz, of C15.
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Supplementary Figure 185. 3C NMR spectrum in CDCls, 101 MHz, of C15.
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Supplementary Figure 186. *H NMR spectrum in CDCls, 400 MHz, of C16.
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Supplementary Figure 187. 3C NMR spectrum in CDCls, 101 MHz, of C16.

BLOLZL~
6L8g°EL"

0259 02~
G5E8' LT
6L69'0E
10LE'0E
8829 LE—
iy
ZL95'GE
ZiBi hmm
6ZL5BE
LLPE O
LBLE Wy
GEOT ED ]
OPPE Gt
9pb 9P
5919'L1
£GEF LG
piE pg?

e el

|

|

Lo

08LF LL

BlEEBTL—
soeezt’
LOLE'EEL—
BEES9E L —

LEEL'GLL—

ZG9Z' 661 —

]

180

J

20 10

30

160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

170

190

200

179



Supplementary Figure 188. *H NMR spectrum in CDCls, 400 MHz, of C17.
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Supplementary Figure 189. 3C NMR spectrum in CDCls, 151 MHz, of C17.
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Supplementary Figure 190. *H NMR spectrum in CDCls, 400 MHz, of D2.
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Supplementary Figure 191. 3C NMR spectrum in CDCls, 101 MHz, of D2.
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Supplementary Figure 192. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of D2.
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Supplementary Figure 193. 1D NOE spectrum in CDCls, 400 MHz, of D2.
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Supplementary Figure 194. HSQC spectrum of D2.
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Supplementary Figure 195. HMBC spectrum of D2.
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Supplementary Figure 196. *H NMR spectrum in CDCls, 400 MHz, of D3.

81890
8L0L°04
PIZLO
68EL°0
6Gi8 o/

[TECLRY

#a0e'0
LLZE'O
PLEE'D
£956°0
£9G0° ||
5990}
ELET')
Z55T1
0Liz'l
898Z'1
LTl
LE0E)
95ee’}
Z5PE'L
BZLE'L
LLBE'L
[4%1:A]
Loyl
P
9e09°1
€529}
GEED')
86zl
96eL')
6arLL
B8PaL’l
SELL)
L68L}
Lasl'l
#0081
G081
Lozt
o6za’'l
[N
Zv06'L
EEZEL
are’e
PEBE'Z
£988°C
8zov'e
60ZS'Z
GLG5'T
6095'Z
£485°C
0580°E
LOOVE
BLEZ9E
ZEFOE
LPO9'E
Ligge
GEOL'E
B6LLE
PePLE
6960'%
0995t
BELG't
0165t
L8651
6alz’L
96ET'L

[

|

FTErS L

PrZr S
slall
Tmmm.m

9802’k
96880
08001

660"}
o000z

9910'}
SECO' L
SEGO' L

55G0°L

66041

FE9ZL'E

LGP L
18it 2

II\ILH‘ LELG |

0.5

70 6.5 6.0 5.5 f (sﬁ?]m] 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Supplementary Figure 197. 3C NMR spectrum in CDCls, 101 MHz, of D3.

7.5

9.0 8.5

9.5

0L8Z b~
Lezel”
£€54°02

mmhv.mm/,
£16E°927
9928'08+
7128 LE
1GELZE~L
PLELGE
goLl 087
GE0L'9E

95E0'8E Y,
0516'8E7;
zeog'zr
Sqm.miﬁ
9518 6t
9£90' 15
1egr zs ]
9LGY b

LOPF B9 —
LlP8' 8L

York hh&
vhhv.hh\
opag'le

0pee0zl—

096E'LZ1—
PGES LEL—

LIPEERL—

PaLl Ll —

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

184



Supplementary Figure 198. *H NMR spectrum in CDCls, 400 MHz, of D4.
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Supplementary Figure 199. 3C NMR spectrum in CDCls, 126 MHz, of D4.
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Supplementary Figure 200. *H NMR spectrum in CDCls, 400 MHz, of D5.
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Supplementary Figure 201. **C NMR spectrum in CDCl3, 101 MHz, of D5.
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Supplementary Figure 201. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of D5.
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Supplementary Figure 202. 1D NOE spectrum in CDCl3, 400 MHz, of D5.
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Supplementary Figure 203. 1D NOE spectrum in CDClI3, 400 MHz, of D5.
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Supplementary Figure 204. HSQC spectrum of D5.
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Supplementary Figure 206. *H NMR spectrum in CDCls, 400 MHz, of D6.
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Supplementary Figure 207. 3C NMR spectrum in CDCls, 101 MHz, of Dé.
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Supplementary Figure 208. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of D6.
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Supplementary Figure 209. 1D NOE spectrum in CDClIs, 400 MHz, of D6.
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Supplementary Figure 210. 1D NOE spectrum in CDClIs, 400 MHz, of D6.
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Supplementary Figure 210. HSQC spectrum of D6.
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Supplementary Figure 212. *H NMR spectrum in CDCls, 400 MHz, of D7.
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Supplementary Figure 213. 3C NMR spectrum in CDCls, 151 MHz, of D7.
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Supplementary Figure 214. *H NMR spectrum in CDCls, 400 MHz, of D8.
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Supplementary Figure 215. 3C NMR spectrum in CDCls, 151 MHz, of D8.
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Supplementary Figure 216. *H NMR spectrum in CDCls, 400 MHz, of D9.
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Supplementary Figure 217. *C NMR (APT) spectrum in CDCls, 101 MHz, of D9.
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Supplementary Figure 218. *H NMR spectrum in CDCls, 400 MHz, of D10.
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Supplementary Figure 219. 3C NMR (APT) spectrum in CDCls, 101 MHz, of D10.
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Supplementary Figure 220. *H NMR spectrum in CDCls, 400 MHz, of D11.
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Supplementary Figure 221. 3C NMR spectrum in CDCls, 101 MHz, of D11.
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Supplementary Figure 222. *H NMR spectrum in CDCls, 400 MHz, of D12.
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Supplementary Figure 224. *H NMR spectrum in CDCls, 400 MHz, of D13.
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Supplementary Figure 225. *C NMR (APT) spectrum in CDCls, 151 MHz, of D13.
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Supplementary Figure 226. *H NMR spectrum in CDCls, 400 MHz, of D14.
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Supplementary Figure 228. *H NMR spectrum in CDCls, 400 MHz, of D15.
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Supplementary Figure 229. **C NMR spectrum in CDCl3, 101 MHz, of D15.
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Supplementary Figure 230. *H NMR spectrum in CDCls, 400 MHz, of D16.
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Supplementary Figure 231. **C NMR spectrum in CDCl3, 101 MHz, of D16.
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Supplementary Figure 233. **C NMR spectrum in CDCl3, 151 MHz, of D17.
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Supplementary Figure 234. *H NMR spectrum in CDCls, 400 MHz, of E1.
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Supplementary Figure 236.

HSQC spectrum of E1.
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Supplementary Figure 238. *H NMR spectrum in CDCls, 400 MHz, of E2.
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Supplementary Figure 239. **C NMR spectrum in CDCls, 151 MHz, of E2.
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Supplementary Figure 240. 1D NOE spectrum in CDCls, 400 MHz, of E2.
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Supplementary Figure 241. HSQC spectrum of E2.
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Supplementary Figure 243. *H NMR spectrum in CDCls, 400 MHz, of E3.
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Supplementary Figure 244. *C NMR spectrum in CDCls, 151 MHz, of E3.
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Supplementary Figure 245. *H NMR spectrum in CDCls, 400 MHz, of E4.
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Supplementary Figure 246. **C NMR spectrum in CDCls, 151 MHz, of E4.
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Supplementary Figure 247. *H NMR spectrum in CDCls, 400 MHz, of E5.
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Supplementary Figure 249. *H NMR spectrum in CDCls, 400 MHz, of F1.
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Supplementary Figure 250. **C NMR spectrum in CDCls, 151 MHz, of F1.
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Supplementary Figure 251. COSY spectrum of F1.
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Supplementary Figure 252. 1D NOE spectrum in CDCls, 400 MHz, of F1.
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Supplementary Figure 253. HSQC spectrum of F1.
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Supplementary Figure 254. HMBC spectrum of F1.
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Supplementary Figure 255. *H NMR spectrum in CDCls, 400 MHz, of F2.
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Supplementary Figure 256. 3C NMR spectrum in CDCls, 151 MHz, of F2.
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Supplementary Figure 257. 1D NOE spectrum in CDCl3, 400 MHz, of F2.
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Supplementary Figure 258. 1D NOE spectrum in CDCls, 400 MHz, of F2.
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Supplementary Figure 259. HSQC spectrum of F2.
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Supplementary Figure 261. *H NMR spectrum in CDCls, 400 MHz, of F3.
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Supplementary Figure 262. **C NMR spectrum in CDCls, 151 MHz, of F3.
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Supplementary Figure 263. *H NMR spectrum in CDCls, 400 MHz, of F4.
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Supplementary Figure 264. **C NMR spectrum in CDCls, 101 MHz, of F4,
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Supplementary Figure 265. *H NMR spectrum in CDCls, 400 MHz, of F5.
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Supplementary Figure 266. **C NMR spectrum in CDCl3, 101 MHz, of F5.

70

7.5

9.0 8.5

9.5

1T
LEL9'0Z
oLV LZ
kSt EZ
P00 FE
£kl ez
PZEE'LE
68E10E
0599'0E
89.L6'0E
069K LE

0ES | bE-
168 GE
6058'96]

£096'0E

1208 Ly

LLBLER
9929 't
LEED' G
699015

\
\

Y

-

f

%

0z8Z'85"

GZP8 8L

(Al
PrO0' P2

L2058 b —

—

—>

40 38 36 34 32 30 28 26 24
f1 (ppm)

42

U LD
CBLY LL
669618

0eo0ezt
Gaez'8z)

/

OveES 8ZL

peog6C)
POZF0EL
LOZPZEL
Oabt'8El
089E'6EL

ﬁ
Ir

/

MSEGLLI—

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

221



<

9616°(Q
68€L°g
9001 %~

6GS LI

2.0

T oi08q

%wom:\

2.5

3.0

3.5

T 0000

Supplementary Figure 268. **C NMR spectrum in CDCls, 101 MHz, of S12.
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Supplementary Figure 270. **C NMR spectrum in CDCl3, 101 MHz, of Beckl.
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Supplementary Figure 272. **C NMR spectrum in CDCl3, 101 MHz, of S13.
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Supplementary Figure 273. *H NMR spectrum in CDCls, 400 MHz, of S14.
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Supplementary Figure 274. *C NMR spectrum in CDCls, 101 MHz, of S14.

70

7.5

9.0 8.5

9.5

SZEEZh)
gzel'zhy
onze'0z
5E09'124

ZYEL'EZ

pill'sz|
BLPS L2F
pibbaz

56EC L
5526'8E
8640 PE~L
SPPE vEF
Eﬁ.mf\H
£508'9€

BOEL bb—

BIEO S,
BEOE PG~

BPE9'EL
hrvw.mn/

ELLVLL

G8C8' 0L —
8958°ELlI—

180 170 160 150 140 120 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

190

225



-

A

€EL'T
185°€
000" L
L9e°C
1928

9.0°L
V6€°C

6.9°L

i S A s

Fsvoso

Fgesz0

ZI9zZhy

BrEE'6 L
zZ18zZ 1ZL
6185 124
2098 22+
019t 421
21.e'827
166908
0Z9L'0E~
IO EE~,
LVEL S8~
95.8'58
o 1619 mm%
0861 O
X gosz qwm
P ooy
o GeesEs~
9869 b5~
Y
o
N
< POES'ELY
= livest
—noe
g viru
—
-
O
o
O
c
=}
P —
=
[&]
5]
o
)
o
Z
O
o
-
©
N~
[9\}
[¢b]
st
Wv PEEL0LL~
T 0666141~
>
-
©
—
[
£
[
o
o
>
(9p]

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

226



Supplementary Figure 277. *H NMR spectrum in CDCls, 400 MHz, of S15.
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Supplementary Figure 278. **C NMR spectrum in CDCl3, 101 MHz, of S15.
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Supplementary Figure 279. *H NMR spectrum in CDCls, 400 MHz, of S16.
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Supplementary Figure 280. **C NMR spectrum in CDCls, 101
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Supplementary Figure 281. HSQC spectrum of S16.
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Supplementary Figure 282. 1D NOE spectrum in CDCls, 400 MHz, of S16.
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Supplementary Figure 283. *H NMR spectrum in CDCls, 400 MHz, of S17.
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Supplementary Figure 284. 3C NMR spectrum in CDCls, 101 MHz, of S17.

9.5

LSOV -

B96E .w.\.Y
9r0s'Z 1N
051l
LB0F' Bl
9LEG'0Z
FEBD 8Z
BLEOLE
GOPE' LT
£06¢'8Z
8165'82
LGP0 LE
9pse’LE
08c0'zZE
£Z51'5E
LiP8'SE
£L9T'LE
GGPL BE
CERE' PP
oLV’ G
18£8t
9.8F 6
8cs fm\\

8864 FS
98z1zL)
£Zp8'aL
zogkLLd
6Liv L]

Orzo'zzz—

?

|

i

40

Il

10

210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50
f1 (ppm)

220

230



Supplementary Figure 285. *H NMR spectrum in CDCls, 400 MHz, of Intral.
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Supplementary Figure 286. 3C NMR spectrum in CDCls, 101 MHz, of Intral.
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Supplementary Figure 287. *H NMR spectrum in CDCls, 400 MHz, of 5b.
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Supplementary Figure 288. 3C NMR spectrum in CDCls, 101 MHz, of 5b.
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Supplementary Figure 289. *H NMR spectrum in CDCls, 400 MHz, of S18.

8¥v6°0
00560
£556°0
zezy'L
Lezy’L
158v°L
L15¥°L
865Y'L
Slov'L
vyl
061
cesy'L
168yl
186V}
€867'L |
201G°} ]
2025°1
29251
v625°L
8295°L
v995°}
62.5°}
0565°}
Z109'L
oLzt
L0s8'L
1298°L
8998°L
so8'L
LeL8'L
G281
€188l
1688°L
£268°L
8568°L
0668°L
1506'L
GELE'L
0916'}
92z6'L
1826'L
1/86°L
SYv6'L
1256°L
9656'L
6596'L
1216°}
zeleT
19887
5968'Z
£806'C
G516
0£26'2
oges'e
S6YS'E
0995°€
vesle
0599
61599
£602°9
€929
20829
8.€2°9
2061°L
€e61°L
geizL
6vLZL

Fezse

TRN
SLoL
18t
oL

Foel'l
bz500

Heve

Toooz

JLAJ_WMML_JL_

16GT°L

Tziee

0.5

4.5 4.0 3.5 3.0 25 2.0

5.0
1 (ppm)

Supplementary Figure 290. 3C NMR spectrum in CDCls, 101 MHz, of S18.
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Supplementary Figure 291. HSQC spectrum of S18.
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Supplementary Figure 292. *H NMR spectrum in CDCls, 400 MHz, of S19.
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Supplementary Figure 293. 3C NMR spectrum in CDCls, 101 MHz, of S19.
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Supplementary Figure 294. HSQC spectrum of S19.
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Supplementary Figure 295. 1D NOE spectrum in CDCls, 400 MHz, of S19.
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Supplementary Figure 296. *H NMR spectrum in CDCls, 400 MHz, of Intra2.
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Supplementary Figure 297. 3C NMR spectrum in CDCls, 101 MHz, of Intra2.
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Supplementary Figure 298. *H NMR spectrum in DMSO-ds, 600 MHz, of Intra3.
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Supplementary Figure 299. 3C NMR spectrum in DMSO-ds, 151 MHz, of Intra3.
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Supplementary Figure 300. *H NMR spectrum in CDCls, 400 MHz, of G1.
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Supplementary Figure 301. 3C NMR spectrum in CDCls, 101 MHz, of G1.
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Supplementary Figure 302. 3C NMR (APT) spectrum in CDCls, 101 MHz, of G1.
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Supplementary Figure 303. HSQC spectrum of G1.
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Supplementary Figure 304. HMBC spectrum of G1.
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Supplementary Figure 305. *H NMR spectrum in CDCls, 400 MHz, of G2.
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Supplementary Figure 306. 3C NMR spectrum in CDCls, 101 MHz, of G2.
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Supplementary Figure 307. *H NMR spectrum in CDCls, 400 MHz, of H1.
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Supplementary Figure 308. 3C NMR spectrum in CDCls, 126 MHz, of H1.
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Supplementary Figure 309. *H NMR spectrum in CDCls, 400 MHz, of G3.
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Supplementary Figure 310. 3C NMR spectrum in CDCls, 101 MHz, of G3.
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Supplementary Figure 311. *H NMR spectrum in CDCls, 400 MHz, of G4.
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Supplementary Figure 312. **C NMR spectrum in CDCls, 101 MHz, of G4.
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Supplementary Figure 313. 3C NMR (APT) spectrum in CDCls, 101 MHz, of G4.
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Supplementary Figure 314. 1D NOE spectrum in CDCls, 400 MHz, of G4.
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Supplementary Figure 315. HSQC of G4.
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Supplementary Figure 317. *H NMR spectrum in CDCls, 400 MHz, of G6.
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Supplementary Figure 318. 3C NMR spectrum in CDCls, 101 MHz, of G6.
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Supplementary Figure 319. *H NMR spectrum in CDCls, 400 MHz, of G7.
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Supplementary Figure 320. 3C NMR spectrum in CDCls, 126 MHz, of G7.
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Supplementary Figure 321. *H NMR spectrum in CDCls, 400 MHz, of G8.
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Supplementary Figure 322. 3C NMR (APT) spectrum in CDCls, 101 MHz, of G8.
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Supplementary Figure 323. *H NMR spectrum in CDCls, 400 MHz, of G9.
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Supplementary Figure 324. 3C NMR spectrum in CDCls, 101 MHz, G9.
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Supplementary Figure 325. *H NMR spectrum in CDCls, 400 MHz, of G10.
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Supplementary Figure 326. 3C NMR (APT) spectrum in CDCls, 101 MHz, of G10.
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Supplementary Figure 327. *H NMR spectrum in CDCls, 400 MHz, of G11.
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Supplementary Figure 328. 3C NMR spectrum in CDCls, 101 MHz, G11.
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Supplementary Figure 329. *H NMR spectrum in CDCls, 400 MHz, of G12.
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Supplementary Figure 330. 3C NMR spectrum in CDCls, 101 MHz, of G12.
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Supplementary Figure 331. *H NMR spectrum in CDCls, 400 MHz, of G13.
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Supplementary Figure 332. 3C NMR spectrum in CDCls, 101 MHz, of G13.
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Supplementary Figure 333. *H NMR spectrum in CDCls, 400 MHz, of G14.
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Supplementary Figure 334. 3C NMR spectrum in CDCls, 101 MHz, of G14.
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Supplementary Figure 335. *H NMR spectrum in CDCls, 400 MHz, of G15.
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Supplementary Figure 336. 3C NMR spectrum in CDCls, 101 MHz, of G15.
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Supplementary Figure 337. *H NMR spectrum in CDCls, 400 MHz, of G16.
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Supplementary Figure 338. 3C NMR spectrum in CDCls, 101 MHz, of G16.
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Supplementary Figure 339. *H NMR spectrum in CDCls, 400 MHz, of G17.
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Supplementary Figure 340. 3C NMR spectrum in CDCls, 101 MHz, of G17.
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Supplementary Figure 341. *H NMR spectrum in CDCls, 400 MHz, of G18.
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Supplementary Figure 342. 3C NMR spectrum in CDCls, 101 MHz, of G18.
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Supplementary Figure 343. *H NMR spectrum in CDCls, 400 MHz, of G19.
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Supplementary Figure 344. 3C NMR spectrum in CDCls, 101 MHz, of G19.
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Supplementary Figure 345. *H NMR spectrum in CDCls, 400 MHz, of G20.
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Supplementary Figure 346. 3C NMR spectrum in CDCls, 126 MHz, of G20.
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Supplementary Figure 347. *H NMR spectrum in CDCls, 400 MHz, of G21.
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Supplementary Figure 348. 3C NMR (APT) spectrum in CDCls, 101 MHz, of G21.
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Supplementary Figure 349. *H NMR spectrum in CDCls, 400 MHz, of H2.
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Supplementary Figure 350. 3C NMR spectrum in CDCls, 101 MHz, of H2.
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Supplementary Figure 351. 3C NMR (APT) spectrum in CDCl3, 101 MHz, of H2.
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Supplementary Figure 352. 1D NOE spectrum in CDCls, 400 MHz, of H2.
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Supplementary Figure 353. HSQC spectrum of H2.
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Supplementary Figure 354. HMBC spectrum of H2.
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Supplementary Figure 355. *H NMR spectrum in CDCls, 400 MHz, of G5 and H3.
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Supplementary Figure 356. 3C NMR spectrum in CDCls, 151 MHz, of G5 and H3.
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Supplementary Figure 357. *H NMR spectrum in CDCls, 400 MHz, of H4.
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Supplementary Figure 358. 3C NMR spectrum in CDCls, 101 MHz, of H4.
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Supplementary Figure 359. *H NMR spectrum in CDCls, 400 MHz, of H5.
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Supplementary Figure 360. 3C NMR spectrum in CDCls, 101 MHz, of H5.
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Supplementary Figure 361. *H NMR spectrum in CDCls, 400 MHz, of H5.
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Supplementary Figure 362. 3C NMR spectrum in CDCls, 101 MHz, of H5.
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Supplementary Figure 363. *H NMR spectrum in CDCls, 400 MHz, of Beck1.
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Supplementary Figure 364. 3C NMR (APT) spectrum in CDCls, 101 MHz, of Beckl.
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Supplementary Figure 365. *H NMR spectrum in DMSO-ds, 400 MHz, of 11.
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Supplementary Figure 366. 3C NMR spectrum in DMSO-ds, 126 MHz, of 11.
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Supplementary Figure 367. *H NMR spectrum in DMSO-ds, 400 MHz, of 12.
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Supplementary Figure 368. 3C NMR spectrum in DMSO-ds, 126 MHz, of 12.
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Supplementary Figure 369. *H NMR spectrum in DMSO-dg, 400 MHz, of J1.

nmmhc,_
Leogo
ETZL 1
894171
010z 1
LHZTL
Ligz'h
POET |

Z6ET' )

9ZFT’ L
GZST'L
809z}
[4=1% A
oLeri
GLB8Y'L
60051
8cIsl
Gl=N]
9pea’l
el
LireL
€956}
L5L0'e
LiZoe
larl'e
FELL'E
0gsz’e
EBZE'T
B6EE'T
6are’z
LESE'T
LBGE'Z
FE9E'Z
8vee’z
9pee’z
606¥'Z
FGEY'Z
ooos'z
9p0s'z
Z605'Z
leol'e
ogLL’e
bpel'e
EVEL'Z
98G1'E
FALL'E
FEBL'E
ELIZE
BEET'E
ZBET'E
LiPTE
FLEZ'E
68FE'E
LBIE'E
BEBE'E
opPor'E
Lzt
0SEY
Larv'y
LZrP'a
9apb'9
LSS
LL1S'8
LZES'D
LEES'D
Lap0s
8480°L

|

Fi510€

CESO'E

LEE0'67

LOPO'E
FGras L
_m,\.wwho.f
rEPPE0
rlEBS0
L7580
0e98'0
Mmhm_\..o
6p58'Z

Feesoz

Trszeoe

Tz5160

—=T-o00004

—— 0ELD' L
SLS0' L

— 8560

—Feie80

0.5

70 6.5 6.0 5.5 f [sﬁ?]m] 4.5 4.0 3.5 3.0 2.5
Supplementary Figure 370. 3C NMR spectrum in DMSO-ds, 126 MHz, of J1.
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Supplementary Figure 371. *H NMR spectrum in DMSO-ds, 400 MHz, of 13.
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Supplementary Figure 372. 3C NMR spectrum in DMSO-ds, 151 MHz, of 13.
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Supplementary Figure 373. *H NMR spectrum in DMSO-ds, 600 MHz, of 14.
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Supplementary Figure 374. 3C NMR spectrum in DMSO-ds, 151 MHz, of 14.
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Supplementary Figure 375. 3C NMR spectrum in DMSO-ds, 151 MHz, of 14.

P L)
LBBE'LL
§i9Z°0Z
986’52
P0L9'5Z
9EET BT
GELY FE
9L01'8E
1621 BE
60¥T BE
cogesEy
961588
LFLG BE
LEGO BE

Se6L8E)
£8E6'6E

7ZLL 00
Lesz'zh
6955 Eb”

L6185 —

9GELTLL~
685 FLL-T

908zl —
EELVOEL—

TLZE'9EL —

ZRlE'rEL—

PLTELL —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

277



Supplementary Figure 376. *H NMR spectrum in CDCls, 400 MHz, of 15.
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Supplementary Figure 377. 3C NMR spectrum in CDCls, 101 MHz, of 15.
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Supplementary Figure 378. *H NMR spectrum in DMSO-ds, 400 MHz, of 17.
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Supplementary Figure 379. 3C NMR (APT) spectrum in DMSO-dg, 151 MHz, of 17.
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Supplementary Figure 380. *H NMR spectrum in DMSO-ds, 400 MHz, of 18.
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Supplementary Figure 381. 3C NMR spectrum in DMSO-ds, 101 MHz, of 18.
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Supplementary Figure 382. *H NMR spectrum in DMSO-ds, 400 MHz, of 19.
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Supplementary Figure 383. 3C NMR spectrum in DMSO-ds, 151 MHz, of 19.
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Supplementary Figure 384. *H NMR spectrum in DMSO-dg, 400 MHz, of 110.
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Supplementary Figure 385. 3C NMR spectrum in DMSO-ds, 126 MHz, of 110.
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Supplementary Figure 386. *H NMR spectrum in DMSO-dg, 400 MHz, of 111.
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Supplementary Figure 387. 3C NMR (APT) spectrum in DMSO-ds, 126 MHz, of 111.
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Supplementary Figure 388. *H NMR spectrum in DMSO-dg, 400 MHz, of 112.
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Supplementary Figure 389. 3C NMR spectrum in DMSO-ds, 126 MHz, of 112.
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Supplementary Figure 390. *H NMR spectrum in DMSO-dg, 400 MHz, of 113.
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Supplementary Figure 391. 3C NMR spectrum in DMSO-ds, 101 MHz, of 113.

7.5

9.0 8.5

9.5

S226L I
LLOV 07
LZs'sz
6EVL'ST
zeogszy
600€ 621

LI VE
rzoL el
or6E'BE|
SEO} 6E
BLIEEE
5075'6E

e

LIEEBE

Vbl ol
8LOF O *
v01Z 2
ZipLEy
GOLLED

L0CE g
coeg'ey’

POBLTLL~
[N

oregsZl—
86LL0EL—

OpLEQEL—

6aLE'FEL —

EGPLGLL—

|

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

285



Supplementary Figure 392. *H NMR spectrum in DMSO-dg, 400 MHz, of 114.
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Supplementary Figure 393. 3C NMR spectrum in DMSO-ds, 126 MHz, of 114.
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Supplementary Figure 394. *H NMR spectrum in DMSO-dg, 400 MHz, of 115.
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Supplementary Figure 395. 3C NMR spectrum in DMSO-ds, 126 MHz, of 115.
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Supplementary Figure 396. *H NMR spectrum in DMSO-dg, 400 MHz, of 116.
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Supplementary Figure 397. 3C NMR spectrum in DMSO-ds, 126 MHz, of 116.
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Supplementary Figure 398. *H NMR spectrum in DMSO-dg, 400 MHz, of 117.
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Supplementary Figure 399. 3C NMR spectrum in DMSO-ds, 126 MHz, of 117.
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Supplementary Figure 400. *H NMR spectrum in DMSO-dg, 600 MHz, of J2.
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Supplementary Figure 401. 3C NMR spectrum in DMSO-ds, 151 MHz, of J2.
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Supplementary Figure 402. 3C NMR (APT) spectrum in DMSO-ds, 151 MHz, of J2.
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Supplementary Figure 403. *H NMR spectrum in DMSO-ds, 600 MHz, of 16.
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Supplementary Figure 404. 3C NMR spectrum in DMSO-ds, 126 MHz, of 16.
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Supplementary Figure 405. *H NMR spectrum in DMSO-dg, 400 MHz, of J3.
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Supplementary Figure 406. 3C NMR spectrum in DMSO-ds, 126 MHz, of J3.
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Supplementary Figure 407. *H NMR spectrum in DMSO-dg, 400 MHz, of J4.
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Supplementary Figure 408. 3C NMR spectrum in DMSO-ds, 126 MHz, of J4.
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Supplementary Figure 409. *H NMR spectrum in DMSO-dg, 400 MHz, of J5.
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Supplementary Figure 410. 3C NMR spectrum in DMSO-ds, 101 MHz, of J5.
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Supplementary Figure 411. 3C NMR (APT) spectrum in DMSO-ds, 101 MHz, of J5.
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Supplementary Figure 412. *H NMR spectrum in DMSO-dg, 400 MHz, of J6.
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Supplementary Figure 413. 3C NMR spectrum in DMSO-ds, 126 MHz, of J6.
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Supplementary Figure 414. 3C NMR (APT) spectrum in DMSO-ds, 126 MHz, of J6.
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