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GENERAL

All the NMR spectra were recorded on Inova 300 MHz, Gemini 400 MHz or 600 MHz Varian or Bruker
spectrometers for 'H, 101 MHz and 151 MHz for 13C, 192 MHz or 193 MHz for 11B. The chemical
shifts (8) for 1H, 13C are given in ppm relative to internal standard TMS (0.0 ppm) or residual signals
of CHCl; (7.26 ppm). The following abbreviations are used to indicate the multiplicity: s, singlet; d,
doublet; t, triplet; g, quartet; m, multiplet; bs, broad signal. Purification of reaction products was
carried out by flash chromatography (FC) on silica gel (230-400 mesh). Organic solutions were
concentrated under reduced pressure on a Blchi rotary evaporator. High Resolution Mass Spectra
(HMRS) were obtained from the Mass Facility unit on a Waters Xevo Q Tof spectrometer. Optical
rotations were measured on a Perkin ElImer 241 Polarimeter provided with a sodium lamp and are
reported as follows: [a]} (c in g/100 mL, solvent). Unless otherwise noted all reactions were set up
in the air and using undistilled solvent, without any precautions to exclude moisture.

Materials

Commercial grade reagents and solvents were used without further purification; otherwise, where
necessary, they were purified as recommended.! (E)-2-(but-2-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane 1aa, azodicarboxylates 2a, 2b and 2c, catalysts A, B, D, E, F, G and ent-G were
purchased from suppliers. Boronic esters 1ba-1ea, 1cb-1cw and N-1c were prepared according to
the literature procedure with some modifications.? Catalysts C, H, I, L, M, N were prepared according
to the literature procedures.> 4 >

Determination of Enantiomeric/Diasteromeric Purity

The enantiomeric ratio (e.r.) was determined by HPLC analysis on chiral stationary phase on an
Agilent 1100- and 1200-series instrumentation using mixtures of i-PrOH/hexane as the eluent or by
GC analysis on an Agilent 6890 equipped with a Rt-BetaDex-sm (30 m length x 0.32 mm ID x 0.25 u
m film thickness) with hydrogen as carrier gas (2.0 mL, spilt ratio 50:1) and using the following
conditions: 120 °C, 2 min then 2 °C/min up to 230 °C, 5 min; injector : 230 °C, FID detector: 230 °C.
HPLC and GC traces of enantioenriched products were compared to racemic ones obtained from
the reaction using catalyst rac-G. Only for compounds 3u and 3u’ the diasteromeric ratio was
measured by *H NMR analysis at 100°C.

Calculations

Each structure has undergone a process of conformational research and subsequent refinement.
The conformational search has been performed using CREST (version 2.12)” with the iMTD-GC
algorithm using as an implicit solvent the wet octanol with the ALPB model.2 To reduce the number
of conformers, a statistical clustering of the conformers has been performed using the PCA analysis
on the dihedral angles of the molecules. These ensembles have been further refined using ORCA
(version 5.0.4),° ordered, and eventually sorted out with two different single-point energy
calculations with different theories: B97-3c/def2-SVP,1° and B3LYP'-D4/def2-SVP. Both analyses
have been carried out in gas phase. The best conformer resulting from this protocol has been
optimized to the r’scan-3c d4/def2-mTZVPP2 level; in this case, to better simulate the reaction
condition the relative dielectric constant (g,) of the implicit CPCM solvation model has been set to
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12 (which is the molar average of the two solvents €, acon = 6.15, € ipron = 19.92). To choose the
functional that best fits the experimental data, a preliminary analysis has been conducted. To reduce
the complexity and the various degrees of freedom of the system, 2a was modified to a methyl
ester, instead of the tert-butyl group. So, the two Zimmerman-Traxler?3 like TS's are designed, and
the reaction have been simulated following the two diasteromeric faces of the crotyl. Seven
different functionals were tested, keeping the basis set constant to def2-SVP: B3LYP-D4, MN15, PBE,
r’scan-3c D4, REVPBE98-D4, TPSSH-D4, and wB97x-D4. All functionals indicated the same
stereoselectivity of the reaction and substantially the enantiomeric ratio was consistent, it was
chosen to operate with the fastest functional to converge: rscan-3c D4. Considering the few atoms
in the system, the basis set of choice was enlarged to the modified triple-{ def2-mTZVPP.
Furthermore, a single-point energy correction with the def2-QZVP basis-set was performed to
better simulate the iodine atoms. The default basis set for the effective core potential (ECP) of the
iodine atom is used — def2-ECP. Following up, to analyze and to rationalize the energy gaps, the
Non-Covalent interaction (NCI) index was calculated with NCIPlot (version 4.0)* using FINE
integration grid. For visualizing the geometries, frequencies and surfaces ChimeraX software have
been used.?>
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OPTIMIZATION OF THE ASYMMETRIC AMINATION
Table S1: Catalysts screening

n H
. "~0 Boc.,k .N.
N Boc
/2\‘ Catalyst (15 mol%)

.B + Boco N _

07N N*"“Boc »> N
solvent 0.1 M, 25°C \)\
1aa 2a BuOH 3a

:_jfs) M ! ;(S) ’ ! !(S) ’ t(R) ’ ! !;s) , !
S . S)*, 5 S)- (S)- , (S)
- s & on >—N

u—

B

Catalyst “BuOH (equiv.) Time (h) Conversion (%) e.r.
/ / 48 17 /
A / 40 17 50:50
A 1.0 48 21 50:50
B / 48 17 50:50
B 1.0 48 23 50:50
C 1.0 48 22 50:50
D 1.0 24 19 53.5:46.5
E 1.0 24 27 52:48
MeO-E 1.0 24 13 53:47
F 1.0 24 30 50:50
G? 1.0 48 60 80:20
He 1.0 48 60 77:23
1b 1.0 48 40 80:20
Le 1.0 48 53 77:23
Mme 1.0 48 26 50:50
N@ 1.0 48 68 80:20

90.5 M in toluene instead of 0.1 M. £0.5 M in PhCF; instead of toluene.
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Table S2: Screening of temperature and equivalents of reaction partners

Me
Meg G (15 mol%) Boce. M.
Meﬁz\? Boc<. =N > N" Boc
Me o Brox - Me + “N” “Boc toluene 0.5 M, t (°C), \/-\Me
tBUOH (9.5 L), 48h
1aa 2a 3a
1a (mmol) 2a (mmol) T(°C) Conversion (%) e.r.
0.15 0.1 25 72% 50:50
0.1 0.15 25 68% 50:50
0.1 0.1 50 82% 63:37
0.1 0.1 0 37% 82.5:16.5
Table S3: Screening of alcohols
Me
Meg G (15 mol%) Boce. M.
MG,;Z\Ol Boc< =N > N Boc
+ Sy e NS ° <
Me c),B\/\/Me N” "Boc toluene 0.5 M, 25°C, \/\Me
alcohols, 48h
1aa: 0.1 mmol 2a: 0.1 mmol 3a
Additive Equivalents Conversion (%) e.r.
/ / 60 69.5:31.5
MeOH 1.0 58 70:30
EtOH 1.0 55 70:30
'PrOH 1.0 55 81:19
'BuOH 0.5 55 73:27
t‘BuOH 1.0 60 80:20
‘BuOH 1.5 55 77:23
t‘BuOH 2.0 30 50:50
1-adamantanol 1.0 44 77:23
methanesulfonamide 1.0 54 68:32
(tetrahydropyranyl)methanol 1.0 53 61.5:39.5
(S)-2-butanol 1.0 57 81:19
Ethylene glycole 1.0 34 74:26
2,3-butandiol 1.0 36 74:26
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Table S4: Screening of additives in the presence of tBuOH

Me
Meg G (15 mol%) Bocw _N.
Me,, O‘ Boce N > N™ “Boc
+ S e NS ° H
Me O,B\/\/Me N Boc :oluene 0.5 M, 25°C, \/\Me
BuOH (9.5 uL), 48h,
1aa: 0.1 mmol 2a: 0.1 mmol additives 3a
Additive Equivalents Time (h) Conversion (%) e.r.
Sc(OTf); 0.15 48 35 70:30
La(OTf)s 0.15 48 32 57:43
‘BuOK 0.15 48 41 63:37
AcOK 1.0 22 43 76:52
AcOH 1.0 24 50 83:17
AcOH? 1.0 24 50 82:18
AcOH 2.0 24 55 85:15
AcOH? 16 22 60 85:15
@ No ‘BuOH added.  AcOH employed as cosolvent (0.1 M in AcOH).
Table S5: Screening of co-solvents
n B H
‘, " O OC.,  .N{
L B+ Boo. N G (15 mol%) N Boc
- Sa1% ~B V. \ -
© ~ ° "AcOHO2mL 25°C, Y7
1aa: 0.1 mmol 2a:0.1mmol  'BuOH (9.5 L), 24 h, 3a
co-solvent 0.2 mL
Co-solvent Conversion (%) e.r.
DMSO 46 83:17
DMF 46 85:15
THF 47 85:15
Pyridine 48 79:21
Dioxane 51 75:25
ACN 52 86:14
Diethyl ether 61 85:15
Ethyl acetate 65 85:15
DCM 70 85:15
CHCl; 68 88:12
MTBE 66 85:15
MeOH? 71 83:17
EtOH“ 70 86:14
iPrOH® 75 88:12
‘BuOH 71 83:17

@ Reaction performed without ‘BuOH.
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Table S6: Optimization of conditions with (E)-2-(but-2-en-1-yl)-4,4-dimethyl-1,3,2-
dioxaborinane 1ca

1," H
O BOC\ ¢N~
b + BOC. N Catxmo%) _ - N Boc
- \N‘, ~B :
© N ° acoHXmL 25°C, Y
1ca: 0.1 mmol 2a: 0.1 mmol  'PrOH X mL, 24 h, [M], 3a
Catalyst | R | X (mol%) | AcOH (mL) | ‘PrOH (mL) | [M], | time (h) | Conversion (%) | e.r.
G H 15 0.2 0.2 0.25 16 80 96:4
G H 10 0.2 0.2 0.25 16 70 95:5
G H 10 0.2 0.2 0.25 24 82 95:5
G H 10 0.2 0.2 0.25 48 89 94:6
G H 5 0.2 0.2 0.25 16 60 94:6
N | 15 0.2 0.2 0.25 24 98 97:3
N | 15 0.1 0.1 0.5 19 94 96:4
N | 10 0.1 0.1 0.5 24 93 96:4
N | 5 0.1 0.1 0.5 20 82 96:4

S8



DETERMINATION OF THE ABSOLUTE CONFIGURATION OF 3A

The absolute configuration of 3a obtained employing (S,5)-N was determined through the optical
rotatory power of 11a and compared with that reported in literature.'® 11a is accessible via 2
steps starting from 3a:

W DMAP %/ Q Sml, W

_N. .Boc ——> N — ~NH
Boc” N Ac,0,Py  Boc ’}IJ\ THF/HMPA  Boc
50 °C, 24 h Boc 65°C,2h  11a: 40% yield,
3a:96:4 e.r. 10a: 85% yield 96:4 e.r.
first step

First step:

é(h/ Q Sml, W

_N. _— _NH
Boc” "N THF/HMPA  Boc
10a Boc 65°C,2h  11a: 40% yield,
96:4 e.r.

Allylic hydrazide 3a (143 mg, 0.5 mmol, 1 eq.) was added to a capped vial and dissolved with 1 mL
of acetic anhydride and 0.5 mL of pyridine. Afterward DMAP (30 mg, 0.33 mmol, 0.6 eq.) was added
and the vial was placed in an oil bath at 50°C. The reaction mixture was vigorously stirred for 24
hours. Then, the vessel was cooled to room temperature and quenched with distilled water. The
layers were separated and the aqueous phase was extracted three times with Et,0. The organic
phases were collected, washed two times with sat NaHCO3, twice with sat NH,Cl and two times with
brine. The organic layer was separated, dried with MgSO, and concentrated at reduced pressure.
The residue was purified by flash chromatography (from 1:6 to 1:4 Et,0/Hex) to afford 10a (140 mg,
0.425 mmol, 85% yield).

Di-tert-butyl (R)-1-acetyl-2-(but-3-en-2-yl)hydrazine-1,2-dicarboxylate (10a)

4}( O  'HNMR (600 MHz, CDCl3) § 6.24 —5.70 (m, 1H), 5.26 — 5.00 (m, 2H), 4.87 — 4.37 (m,

’N‘N 1H), 2.54 - 2.40 (m, 3H), 1.56 — 1.38 (m, 18H), 1.32 — 1.22 (m, 3H).

Boc 13C NMR (151 MHgz, CDCl3) & 171.29, 171.14, 171.02, 153.18, 153.01, 152.99,
152.62,152.48, 138.54, 138.31, 137.78,137.53, 116.03, 115.97, 115.44, 115.41, 83.90, 83.87, 83.84,
81.70, 80.93, 80.91, 58.55, 58.23, 56.56, 56.38, 28.32, 28.26, 28.17, 28.14, 27.92, 27.88, 25.58,
25.53, 25.49, 25.42,17.92, 17.60, 17.23, 17.04.

Boc

HRMS (ESI*): m/z for Cy6H,sN,0sNa [M+Na]* calcd. 351.1890, found 351.1896.
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Second step:

W Q Sml, W

,N~ — ,NH
Boc” N THF/HMPA  Boc
10a Boc 65°C,2h  11a: 40% yield,
96:4 e.r.

Compound 10a (82 mg, 0.25 mmol, 1 eq.) was added to an oven dried two necks round bottom flask
under nitrogen flow containing 3 mL of degassed THF and 0.45 mL of degassed HPMA. The flask was
placed in an oil bath at 65°C and 15 mL of Sml, 0.1 M in THF (1.5 mmol, 15 eq.uiv.) were added
dropwise while the solution was under stirring. After two hours the flask was removed from the
bath and the reaction was quenched with sat NaHCO; and extracted three times with Et,0.
Eventually the organic phases were collected, dried with MgSO, and concentrated at reduced
pressure. The residue was purified by flash chromatography (from 1:5 to 1:3 Et,0/Hex ) to afford
11a (20 mg, 0.12 mmol, 40% yield).

tert-butyl (R)-but-3-en-2-ylcarbamate (11a)

W 'H NMR (400 MHz, CDCl;) 6 5.82 (ddd, J = 17.3, 10.4, 5.1 Hz, 1H), 5.19 — 5.02 (m, 2H),
Boc’NH 4.57-4.10 (m, 2H), 1.46 (s, 9H), 1.22 (d, J = 6.8 Hz, 3H).

[@]23q = +4.6 (c = 1.0, in CHCl3)

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
E@@@@E@en S-S S3g93aTH TTENNNANA
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

LIS O I i
SES2EmER e e ] 2 ]
mmmmmmmmmmmmmmmmmmmm g 8
e ey
i
1
]
‘\Fm ﬁ .
i || NN
—E = - —
6.0 55 5.0 4.5
f1 (ppm)
I
| T — i S

100 +
2.13

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1;
f1 (ppm)
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PREPARATIONS OF STARTING ALLYLIC ALCOHOLS

Allylic boronic esters were prepared starting from either commercially available (Figure S1) or

synthetic allylic alcohols, accessible through three diverse strategies.

H )\/\)\/\
A/\OH oA~ O0 A OH N N OH
a b i u OH w

Figure S1: Alcohols commercially available

e Strategy A: Addition of vinylmagnesium bromide to aldehydes.

e Strategy B: Reduction of unsatured aldehydes.

e Strategy C: Wittig reaction followed by reduction.

Strategy A

0

J\ + 2N
H 7 “MgBr Et,0 of THF

0°C to 25°C

OH

o

7 mmol of the aldehyde were added to a flame dried two necks round bottom flask under nitrogen
flow and dissolved with 7 mL of either THF or Et,0. The flask was cooled to 0°C and the 7 mL of vinyl
magnesium bromide (1.0 M in THF) was added dropwise. The mixture was allowed to warm to room
temperature and the reaction continued for 2-3 hours. After the consumption of the starting
aldehyde checked by TLC, a saturated solution of NH,Cl was added and was extracted three times
with Et,0. The organic phases were collected and washed two times with brine, then dried under
MgS0O, and concentrated at reduced pressure. The crudes were considered to be used for the next
step without further purifications. The spectra of the alcohols reported in figure S2 matched with

those reported in literature 17:1819,20.21,
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Figure S2: Alcohols from vinylation of aldehydes (Strategy A)

All the aldehyde used for this strategy are commercially available; only the aldehyde used for e was
synthesized starting from the corresponding alcohol:

TEMPO
Phl(OAc), o
—
MOH o M

Following a reported procedure??, 20 mmol of a pent-4-en-1-ol were added to a solution of 20 mL
of DCM, TEMPO (1.4 mmol) and of Phl(OAc), (21 mmol) and the mixture was stirred for one hour at
room temperature. The solvent was removed and the product was distilled under reduced pressure
and collected in a separate flask. Although this fraction was contaminated with 50% of acetic acid,
the product was not purified further. The *H NMR agrees with those reported in literature. Before
the addition of vinylmagnesium bromide the flask was cooled to -78°C and 1 eq. of NaH was added
to remove the acetic acid. The mixture was stirred for 30 min in an ice-water bath, then the vinyl
magnesium bromide was introduced dropwise to the reaction mixture. The work up is the same of
Strategy A.

Strategy B

NaBH,4 OH

I
—»
O/\) EtOH or MeOH CD/\)

5 mmol of the allylic aldehyde (1 eq.) was introduced into a round bottom flask and dissolved with
either 5 mL of ethanol or methanol. 5 mmol of NaBH, were added in small portions and then the
reaction was stirred for 2-3 hours. After the consumption of the starting material monitored by TLC,
the reaction was quenched with a saturated solution of NH,Cl and extracted three times with Et,0.
The organic phases were collected and washed two times with brine, then dried under MgSO, and
concentrated at reduced pressure. The crudes were sufficiently clean to be used without further
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purifications. Alcohols t and s (Figure S4) have been prepared with this procedure and the NMR data
were consistent with those reported in literature.?324

OH OH
= I\(\Me
Me Me
t s

Figure S3: Alcohols from vinylation of aldehydes (Strategy A)

Strategy C
o OH
0 I
NaH MeO -
Meo)’\/F’\OMe v Me _NaHt | DIBALH_
THF Me DCM Me
v
first step second step
First step:

(0] O
P oM * )K/\©
MeO e

To an ice-cooled flask containing a solution of 3.0 g of 4-phenylbutan-2-one (20 mmol) and 4.0 g of
methyl 2-(dimethoxyphosphoryl)acetate (1.1 eq., 22 mmol) in 30 mL of dry THF, 0.96 g of NaH (60%
dispersion in mineral oil, 1.2 eq., 24 mmol) were added stepwise. Then the flask was removed from
the bath and the reaction was allowed to stir overnight. The mixture was quenched with a saturated
solution of NH,CI, the layers were separated and the aqueous phase was washed three times with
Et,0. The organic phases were collected, washed two times with brine, dried under MgSO, and
concentrated at reduced pressure. Flash chromatography of the crude (1:5 Et,0 /hexane) afforded
3.17 grams of methyl 3-methyl-5-phenylpent-2-enoate in 78% yield. NMR data were consistent with
those reported in literature.?®

Second step:

> OH
MeO | DIBAL-H
edin LN |
Me’ DCM Me'

\"

Following a reported procedure,?® methyl 3-methyl-5-phenylpent-2-enoate (10.4 mmol, 2.27 g) was
dissolved in 30 mL of dry DCM and transferred into a flame dried two necks round bottom flask
under nitrogen flow. A solution of [1.0 M] DIBAL-H 1.0 M in hexane (2.7 eq., 28 mmol, 28 mL) was
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added dropwise at -78 °C. The reaction was allowed to stir at the same temperature for two hours,
when the total conversion of the starting material was observed by TLC. The reaction was quenched
with 50 mL of saturated solution of NH4Cl, and the mixture was allowed to reach room temperature.
Afterward, the layers were separated and the aqueous phase was extracted three times with DCM.
The organic phases were collected, washed two times with brine, dried under MgSO, and
concentrated at reduced pressure. The residue was purified with flash chromatography (1:2 diethyl
ether/hexane) to give compound 3-methyl-5-phenylpent-2-en-1-ol (v) in 67% yield (1.2 g, 7 mmol).
NMR data were consistent with those reported in literature.?®
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GENERAL PROCEDURE FOR THE SYNTHESIS OF ALLYLIC BORONIC
ESTERS

Me,
N Cl Me, Me
Pd_ Pd HO
cl N
Me [ "‘ HO
' OH ! !
H (3.6 mol%) ' 2.6 eq ! Me
AR (0]
AN ° A~ g-OH ° . - ’\I/\?'\j ‘Me
] [} 1 ]
i MeOH/DMSO 1:1 i o)
B(OH),. TSOH, \\ OH rt, 2-3 hours
a-w 50°C, overnight not isolated 1ca-cw

Following a reported procedure? with some modification, to an oven-dried two necks round bottom
flask provided of a magnetic stir bar and under nitrogen flow, 1 equivalent of allylic alcohol, dry
DMSO and distilled MeOH (1:1 mixture, 0.25 M), 0.036 eq. of di-u-chlorobis[2-
[(dimethylamino)methyl]phenyl-C,N]dipalladium(ll), 0.054 equivalents of anhydrous TsOH and 3
equivalents of B,(OH), were added. The reaction was stirred at 50°C overnight, then the flask was
cooled to room temperature and 2.6 equivalents of 3-methylbutane-1,3-diol were added. After the
consumption of the boronic acid monitored with TLC, the entire solution was transferred into a
packed column and a flash chromatography was performed to isolate the product. High vacuum is
not recommended because some of the boronic esters proved to be volatile. Unless otherwise
reported, all allylic boronic esters have been obtained with (E)-configuration at the double bond.

(E)-2-(but-2-en-1-yl)-4,4-dimethyl-1,3,2-dioxaborinane (1ca)

The titled compound was obtained from alcohol a in 70% yield (353 mg) after

E(O column chromatography (1:4.5 Et,0/Hex).
1
0-BX" H NMR (600 MHz, CDCl3) § 5.48 (m, 1H), 5.39 — 5.29 (m, 1H), 4.04 — 3.98 (M, 2H),

1.83 — 1.76 (m, 2H), 1.64 (dq, 3H), 1.53 (d, 2H), 1.30 (s, 6H). 3C NMR (151 MHz, CDCls) & 127.56,
124.13, 70.03, 59.06, 38.01, 29.24, 18.08. 11B NMR (192 MHz, CDCl;) & 29.48. HRMS (ESI*): m/z for
CoH1BO, [M+H]* calcd. 169.1400, found 169.1403.

(E)-2-(hex-2-en-1-yl)-4,4-dimethyl-1,3,2-dioxaborinane (1cb)

. The titled compound was obtained from alcohol b in 41% yield (117 mg)
f(o after column chromatography (1:4.5 Et,0/Hex).
@)

1
S Y 1H NMR (400 MHz, CDCl3) & 5.50 — 5.38 (m, 1H), 5.38 — 5.25 (m, 1H), 4.03 —
3.95 (m, 2H), 2.00 — 1.89 (m, 2H), 1.80 — 1.73 (m, 2H), 1.51 (d, 1H), 1.47 — 1.29 (m, 2H), 1.28 (s, 6H),
0.87 (t, 3H). 3C NMR (101 MHz, CDCl5) § 129.64, 126.53, 69.98, 59.03, 38.03, 34.88, 29.23, 22.83,
13.62. 1B NMR (192 MHz, CDCl3) & 29.56. HRMS (ESI*): m/z for C1;H,,B0, [M+H]* calcd. 197.1713,

found 197.1716.
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(E)-4,4-dimethyl-2-(5-phenylpent-2-en-1-yl)-1,3,2-dioxaborinane (1cc)

Me, Me The titled compound was obtained from alcohol ¢ in 65% yield (251

©\/\/\/O/‘j mg) after after flash chromatography (1:5 Et,0/Hex).
|
=z B‘o

1H NMR (400 MHz, CDCl3) & 7.30 = 7.23 (m, 2H), 7.22 — 7.13 (m, 3H),
5.51 (m, 1H), 5.43 —5.32 (m, 1H), 4.02 — 3.96 (m, 2H), 2.70 — 2.62 (m, 2H), 2.36 — 2.23 (m, 2H), 1.81—
1.74 (m, 2H), 1.56 — 1.49 (d, 2H), 1.28 (s, 6H). 13C NMR (101 MHz, CDCl;) & 142.45, 128.89, 128.46,
128.15, 127.16, 125.55, 70.05, 59.06, 38.03, 36.26, 34.61, 29.25. 118 NMR (192 MHz, CDCl5) & 28.19.
HRMS (ESI*): m/z for C15H,4B0, [M+H]* calcd 259.1869, found 259.1872.

(E)-4,4-dimethyl-2-(5-methylhex-2-en-1-yl)-1,3,2-dioxaborinane (1cd)

Me, Me The titled compound was obtained from alcohol d in 47% yield (148
e mg) after after flash chromatography (1:9 Et,0/Hex).

Mew\/B\O
1H NMR (600 MHz, CDCl5) 6 5.48 — 5.39 (m, 1H), 5.32 (dtt, J = 15.4, 7.1,
1.4 Hz, 1H), 4.03 —3.98 (m, 2H), 1.86 (tq, J = 6.9, 1.1 Hz, 2H), 1.82 - 1.76
(m, 2H), 1.62 — 1.51 (d, 2H), 1.29 (s, 6H), 0.97 — 0.86 (m, 7H). 13C NMR (101 MHz, CDCl3) & 128.46,
127.53, 69.99, 59.04, 42.19, 38.04, 29.25, 28.55, 22.24. 1B NMR (192 MHz, CDCl;) 6 28.25. HRMS
(ESI*): m/z for C1,H,4BO, [M+H]* caled. 211.1869, found 211.1872.

(E)-2-(hepta-2,6-dien-1-yl)-4,4-dimethyl-1,3,2-dioxaborinane (1ce)

Me . The titled compound was obtained from alcohol e in 30% yield (94 mg)
O/j after flash chromatography (1:8 Et,0/Hex).
]

NS B07 1 NMR (400 MHz, CDCs) 6 5.89 — 5.77 (m, 1H), 5.49 (dtt, J = 16.3, 7.2,
1.2 Hz, 1H), 5.40 — 5.29 (m, 1H), 5.05 — 4.89 (m, 2H), 4.03 —3.97 (m, 2H), 2.09 (dtdd, J = 5.7, 4.7, 2.2,
1.2 Hz, 4H), 1.81—1.75 (m, 2H), 1.56 — 1.49 (m, 2H), 1.29 (s, 6H). 3C NMR (151 MHz, CDCl5) § 138.81,
128.91, 127.01, 114.23, 70.05, 59.07, 38.05, 34.01, 32.23, 29.27. 11B NMR (192 MHz, CDCl;) & 29.53.
HRMS (ESI*): m/z for C1,H,,B0, [M+H]* calcd. 209.1713, found 209.1715.

(E)-2-(4-ethylhex-2-en-1-yl)-4,4-dimethyl-1,3,2-dioxaborinane (1cf)

Me The titled compound was obtained from alcohol f in 74% yield (248.8

\J\/\/ /j mg) after after flash chromatography (1:6 Et,0/Hex).

1H NMR (600 MHz, CDCl3) & 5.38 (dt, J = 15.1, 7.5 Hz, 1H), 5.01 (dd, J =
15.3, 8.7 Hz, 1H), 3.99 (t, J = 5.7 Hz, 2H), 1.77 (m, 2H), 1.68 (dq, J = 9.4, 4.3 Hz, 1H), 1.53 (d, J = 7.5
Hz, 2H), 1.41 — 1.29 (m, 2H), 1.28 (s, 6H), 1.23 — 1.13 (m, 2H), 0.83 (t, J = 7.5 Hz, 6H). 3C NMR (151
MHz, CDCl5) § 133.75, 126.45, 69.95, 59.02, 46.44, 38.07, 29.25, 27.90, 11.75.11B NMR (193 MHz,
CDCl5) 6 29.43. HRMS (ESI*): m/z for Cy3H,6B0O, [M+H]* calcd. 225.2026, found 225.2028.
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(E)-2-(3-cyclohexylallyl)-4,4-dimethyl-1,3,2-dioxaborinane (1cg)

Me, Me The titled compound was obtained from alcohol g in 56% (198 mg) after

o/j flash chromatography (1:9 Et,0/Hex).
|
4 B\O

1H NMR (400 MHz, CDCl5) & 5.41 (dtd, J = 15.4, 7.2, 1.1 Hz, 1H), 5.27 (ddt,
J=15.4,6.7, 1.4 Hz, 1H), 4.02 — 3.95 (m, 2H), 1.92-1.85 (m,1H), 1.77 (dd, J = 6.2, 5.3 Hz, 2H), 1.73 —
1.64 (m, 4H), 1.64 — 1.57 (m, 1H), 1.50 (d, J = 7.1 Hz, 2H), 1.28 (s, 6H), 1.27 — 0.95 (m, 6H). 3C NMR
(101 MHz, CDCl5) & 135.99, 123.79, 69.97, 59.03, 40.83, 38.03, 33.38, 29.25, 26.28, 26.18. 11B NMR
(192 MHz, CDCl3) & 28.32. HRMS (ESI*): m/z for C14H,6B0, [M+H]* calcd. 237.2026, found 237.2029.

(S,E)-2-(5,9-dimethyldeca-2,8-dien-1-yl)-4,4-dimethyl-1,3,2-dioxaborinane (1ch)

The titled compound was obtained from alcohol h in 74% yield (308.8
mg) after flash chromatography (1:6 Et,0/Hex).

Me
: A 0 :Me
|.3 Me
9) 1H NMR (600 MHz, CDCl;) 6 5.44 (dtt, J = 14.8, 7.3, 1.3 Hz, 1H), 5.30
| (dtt, J=15.5,7.2, 1.5 Hz, 1H), 5.10 (tp, J=7.1, 1.4 Hz, 1H), 4.02 — 3.98
Me Me

(m, 2H), 2.03 = 1.92 (m, 3H), 1.85 — 1.79 (m, 1H), 1.79 — 1.76 (m, 2H),
1.68 (s, 3H), 1.60 (s, 3H), 1.54 (d, J = 7.4 Hz, 2H), 1.47 — 1.41 (m, 1H), 1.29 (s, 6H), 1.11 (dddd, J =
13.5,9.7, 7.7, 5.9 Hz, 1H), 0.91 — 0.84 (m, 5H). 13C NMR (151 MHz, CDCl5) & 130.83, 128.13, 127.68,
125.10, 69.98, 59.02, 40.17, 38.02, 36.58, 32.88, 29.22, 25.69, 25.60, 19.34, 17.59. 11B NMR (192
MHz, CDCls) & 28.17. HRMS (ESI*): m/z for Cy7H3,B0, [M+H]* calcd. 279.2495, found 279.2498.

2-cinnamyl-4,4-dimethyl-1,3,2-dioxaborinane (1ci)

Me, ,Me The titled compound was obtained from alcohol I in 50% vyield (173 mg)
O\/\/Q/j after flash chromatography (1:9 AcOEt/Hex).
4 B<
0 1H NMR (400 MHz, CDCl3) § 7.37 — 7.30 (m, 2H), 7.34 = 7.22 (m, 2H), 7.19 —
7.10 (m, 1H), 6.31 (s, 1H), 6.37 — 6.24 (m, 1H), 4.05 — 3.97 (m, 2H), 1.83 — 1.70 (m, 4H), 1.30 (s, 5H).
13C NMR (101 MHz, CDCls) 6 138.51, 129.18, 128.34, 128.25, 126.23, 125.71, 70.28, 59.14, 38.04,

29.27. 1B NMR (192 MHz, CDCl3) & 29.34. HRMS (ESI*): m/z for C14H,0BO, [M+H]* calcd. 231.1556,
found 231.1559.

(E)-4,4-dimethyl-2-(3-(o-tolyl)allyl)-1,3,2-dioxaborinane (1cj)

Me, ,Me The titled compound was obtained from alcohol j in 75% yield (174 mg)
@\/\/Q/j after flash chromatography (1:9 Et,0/Hex).
4 B\O
Me 'H NMR (400 MHz, CDCl5) § 7.43 (d, J = 7.3 Hz, 1H), 7.19 — 7.04 (m, 3H), 6.51
(dt, J = 15.7, 1.7 Hz, 1H), 6.20 (dt, J = 15.5, 7.6 Hz, 1H), 4.06 — 3.99 (m, 2H),
2.33 (s, 3H), 1.85 — 1.76 (m, 4H), 1.32 (s, 6H). 3C NMR (151 MHz, CDCl;) 6 137.56, 134.60, 130.05,

129.42,126.95, 126.25, 125.88, 125.28, 70.26, 59.15, 38.07, 29.29, 19.90. 11B NMR (193 MHz, CDCl,)
6 29.40. HRMS (ESI*): m/z for CysH,1BO,K [M+K]* calcd. 283.1266, found 283.1272.
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(E)-4,4-dimethyl-2-(3-(m-tolyl)allyl)-1,3,2-dioxaborinane (1ck)

Me Me, Me The titled compound was obtained from alcohol k in 60% yield (217.7 mg)

o after flash chromatography (1:6 Et,0/Hex).
|

A5 1H NMR (600 MHz, CDCl3) & 7.18 — 7.10 (m, 3H), 6.96 (d, J = 7.5 Hz, 1H), 6.31
—6.24 (m, 2H), 4.03 —3.98 (m, 2H), 2.32 (s, 3H), 1.81 - 1.73 (m, 4H), 1.30 (s, 6H). 3C NMR (151 MHz,
CDCl5) 6 138.46, 137.80, 129.23, 128.25, 128.02, 127.04, 126.43, 122.89, 70.27, 59.14, 38.05, 29.28,
21.42. 1B NMR (192 MHz, CDCl3) & 29.27. HRMS (ESI*): m/z for C;5H,,B0, [M+H]* calcd. 245.1713,
found 245.1716.

(E)-2-(3-(4-isopropylphenyl)allyl)-4,4-dimethyl-1,3,2-dioxaborinane (1cl)

Me Me, ,Me The titled compound was obtained from alcohol I'in 71% yield (290

Me o/j mg) after flash chromatography (1:9 Et,0/Hex).
P Il3\o

1H NMR (600 MHz, CDCl3) 6 7.25 (d, /= 8.1 Hz, 2H), 7.12 (d, /= 7.9
Hz, 2H), 6.31—-6.20 (m, 2H), 3.99 (t, J = 5.7 Hz, 2H), 2.86 (p, J = 6.9 Hz, 1H), 1.80 — 1.70 (m, 4H), 1.29
(d, J = 3.5 Hz, 6H), 1.23 (d, J = 6.7 Hz, 6H). 3C NMR (151 MHz, CDCl;) 6 146.94, 136.19, 128.96,
127.29,126.39, 125.65, 70.24, 59.12, 38.04, 33.77, 29.27, 24.00. 1B NMR (193 MHz, CDCl3) § 29.42.
HRMS (ESI*): m/z for C;7H,5B0,K [M+K]* caled. 311.1579, found 311.1585.
(E)-2-(3-(3-methoxyphenyl)allyl)-4,4-dimethyl-1,3,2-dioxaborinane (1cm)

Me, ,Me The titled compound was obtained from alcohol m in 30% yield (117

/@\/\/Q mg) after flash chromatography (1:6 Et,0/Hex).
MeO By

1H NMR (400 MHz, CDCl3) & 7.19 (t, J = 7.9 Hz, 1H), 6.94 (dt, J = 7.7,
1.3 Hz, 1H), 6.89 (dd, J = 2.6, 1.6 Hz, 1H), 6.72 (ddd, J = 8.1, 2.6, 0.9 Hz, 1H), 6.39 — 6.24 (m, 2H), 4.06
—3.98 (m, 2H), 3.81 (s, 3H), 1.79 (dt, J = 11.6, 5.8 Hz, 4H), 1.31 (s, 6H). 3C NMR (101 MHz, CDCl;) &
159.68, 139.98, 129.25, 129.03, 128.64, 118.45, 111.89, 111.01, 70.28, 59.12, 55.14, 38.01, 29.24.
118 NMR (193 MHz, CDCls) § 29.42. HRMS (ESI*): m/z for Cy5H,,BOsK [M+K]* calcd. 299.1215, found
299.1221.

(E)-2-(3-(4-methoxyphenyl)allyl)-4,4-dimethyl-1,3,2-dioxaborinane (1cn)

Me, ,Me The titled compound was obtained from alcohol n in 50% yield (195

MeO
© (l)/j mg) after flash chromatography (1:6 Et,0/Hex).
= B\O

H NMR (400 MHz, CDCl3) 6 7.30—7.22 (m, 2H), 6.87 — 6.77 (m, 2H),
6.30-6.21 (m, 1H), 6.16 (m, 1H), 4.05—-3.93 (m, 2H), 3.79 (s, 3H), 1.82-1.77 (m, 2H), 1.75—-1.70 (d,
2H), 1.30 (s, 6H). 3C NMR (101 MHz, CDCl5) 6 158.23, 131.43,128.52,126.73, 125.96, 113.78, 70.23,
59.12, 55.26, 38.03, 29.26. B NMR (192 MHz, CDCl3) 6 28.12. HRMS (ESI*): m/z for Ci5H,,BO03
[M+H]* caled. 261.1662, found 261.1665.
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(E)-4,4-dimethyl-2-(3-(naphthalen-1-yl)allyl)-1,3,2-dioxaborinane (1co)

Me, ,Me The titled compound was obtained from alcohol o in 64% yield (269 mg)

(Ij/j after flash chromatography (1:5 Et,0/Hex).

= B\o

O 1H NMR (400 MHz, CDCl;) 6 8.27 —8.21 (m, 1H), 7.91 - 7.84 (m, 1H), 7.76
(dt, J = 8.3, 1.1 Hz, 1H), 7.62 (dt, J = 7.2, 1.1 Hz, 1H), 7.57 — 7.43 (m, 3H),

7.11 (dt, J = 15.5, 1.8 Hz, 1H), 6.40 (dt, J = 15.5, 7.7 Hz, 1H), 4.10 — 4.04 (m, 2H), 1.96 (dd, J= 7.7, 1.6

Hz, 2H),1.87-1.82 (m, 2H), 1.37 (s, 6H). 33C NMR (101 MHz, CDCl3) 6 136.32, 133.68,131.53, 131.14,

128.37,126.74, 126.23, 125.70, 125.57, 125.48, 124.22, 123.30, 70.34, 59.18, 38.06, 29.31. 11B NMR
(192 MHz, CDCl3) & 29.42. HRMS (ESI*): m/z for C1gH,,B0, [M+H]* calcd. 281.1713, found 281.1716.

(E)-2-(3-([1,1'-biphenyl]-4-yl)allyl)-4,4-dimethyl-1,3,2-dioxaborinane (1cp)

O Me. Me The titled compound was obtained from alcohol p in 23% yield

O/j (106 mg) after flash chromatography (1:8 Et,0/Hex).
QP
o) 14 NMR (400 MHz, CDCls) & 7.60 — 7.54 (m, 2H), 7.57 — 7.44 (m,

2H), 7.44 — 7.34 (m, 4H), 7.34 — 7.25 (m, 1H), 6.38 — 6.28 (m, 2H), 4.04 — 3.97 (m, 2H), 1.82 — 1.74
(m, 4H), 1.29 (s, 6H). 33C NMR (151 MHz, CDCl3) 6 141.04, 138.98, 137.63, 128.73, 128.71, 128.56,
127.08, 127.00, 126.86, 126.11, 70.33, 59.18, 38.07, 29.29. 1B NMR (193 MHz, CDCl;) 6 29.52.
HRMS (ESI*): m/z for CyoH,3BO,K [M+K]* calcd. 345.1423, found 345.1428.

(E)-2-(3-(4-chlorophenyl)allyl)-4,4-dimethyl-1,3,2-dioxaborinane (1cq)

Me,,\ Me The titled compound was obtained from alcohol q in 55% yield (218.3

Cl\@\/\/(l)/j mg) after flash chromatography (1:8 Et,0/Hex).
=z B‘o

1H NMR (600 MHz, CDCl5) § 7.28 — 7.19 (m, 4H), 6.32 — 6.22 (m, 2H),
4.01 (m, 2H), 1.81 — 1.77 (m, 2H), 1.75 (d, 2H), 1.30 (s, 6H). 3C NMR (151 MHz, CDCl3) § 137.01,
131.69, 129.10, 128.44, 128.02, 126.91, 70.35, 59.18, 38.04, 29.27. 1B NMR (192 MHz, CDCl3) &6
29.32. HRMS (ESI*): m/z for C14H19BCIO, [M+H]* calcd. 265.1167, found 265.1169.

(E)-4,4-dimethyl-2-(3-(4-(trifluoromethyl)phenyl)allyl)-1,3,2-dioxaborinane (1cr)

F The titled compound was obtained from alcohol r in 43% yield (192

F. Me," Me
F Q/j mg) after flash chromatography (1:6 Et,0/Hex).
= B\O

1H NMR (600 MHz, CDCl5) § 7.51 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 7.9 Hz,
2H), 6.44 (dt, J = 15.5, 7.7 Hz, 1H), 6.37 — 6.30 (m, 1H), 4.02 (dd, J = 7.3, 4.3 Hz, 2H), 1.83 = 1.77 (m,
4H), 1.32 (s, 6H). 13C NMR (151 MHz, CDCl) & 141.98, 131.41, 128.15, 128.03, 127.94, 125.77,
125.35, 125.32, 125.29, 125.27, 70.43, 59.21, 38.04, 29.26. 19F NMR (376 MHz, CDCl;) § -62.34. 11B
NMR (193 MHz, CDCl5) & 29.31. HRMS (ESI*): m/z for Cy5H19BF30, [M+H]* calcd. 299.1430, found
299.1433.
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(E)-4,4-dimethyl-2-(2-methylbut-2-en-1-yl)-1,3,2-dioxaborinane (1cs)

Me, ,Me The titled compound was obtained from alcohol s in 50% yield (136 mg) after

Me O flash chromatography (1:5 Et,0/Hex).
Me\%\/é\/j

1H NMR (400 MHz, CDCls) 5.15—5.11 (m, 1H), 4.03 — 4.00 (m, 2H), 1.79 - 1.75
(m, 2H), 1.63 (s, 3H), 1.59-1.53 (m, 5H), 1.32 (s, 6H). 13C NMR (151 MHz, CDCls) 6 134.04, 117.27,
70.03, 59.05, 38.06, 29.28, 17.55, 13.63. 1B NMR (193 MHz, CDCl5) & 29.70. HRMS (ESI*): m/z for
C16H4BO, [M+H]* calcd. 259.1869, found 259.1872.

(E)-4,4-dimethyl-2-(2-methyl-3-phenylallyl)-1,3,2-dioxaborinane (1ct)

Me The titled compound was obtained from alcohol t in 56% (205 mg) after

O\)Mi/o/j flash chromatography (1:8 Et,0/Hex). Mixture of 1:9 Z/E isomers.

1H NMR (E isomer) (600 MHz, CDCl5) 6 7.32 — 7.28 (m, 2H), 7.26 — 7.23 (m,
2H), 7.18 = 7.13 (m, 1H), 6.23 (1H), 4.05 — 4.01 (m, 2H), 1.93 — 1.88 (m, 3H), 1.83—1.79 (m, 2H), 1.76
(s, 2H), 1.32 (s, 6H). 3C NMR (151 MHz, CDCl3) 6 139.28, 139.13, 138.04, 137.97, 128.81, 128.61,
127.90, 127.89, 125.44, 125.33, 123.91, 123.46, 70.28, 70.21, 59.18, 59.11, 38.07, 29.29, 29.26,
19.74. 1B NMR (193 MHz, CDCl5) & 29.27. HRMS (ESI*): m/z for Cy5H,,B0, [M+H]* calcd. 245.1713,
found 245.1716.

(S)-4,4-dimethyl-2-((4-(prop-1-en-2-yl)cyclohex-1-en-1-yl)methyl)-1,3,2-dioxaborinane (1cu)

Me, ,Me The titled compound was obtained from alcohol u in 87% yield (648 mg) after flash

(l)/j chromatography (1:8 Et,0/Hex).
B<
O IH NMR (600 MHz, CDCl5) 6 5.35 (ddd, J = 5.4, 2.6, 1.4 Hz, 1H), 4.70 (dh, J= 3.4, 1.4

Hz, 2H), 4.03 — 3.99 (m, 2H), 2.16 — 2.04 (m, 3H), 2.04 — 1.88 (m, 2H), 1.80 — 1.76

(m, 3H), 1.74 (t,J = 1.1 Hz, 3H), 1.55 — 1.45 (m, 3H), 1.30 (s, 6H). 3C NMR (151 MHz,

CDCl;) 6 150.63, 135.73, 119.39, 108.18, 70.06, 59.05, 41.15, 38.06, 31.06, 30.89,

29.30, 28.16, 20.83. 1B NMR (193 MHz, CDCl;) & 29.39. HRMS (ESI*): m/z for
C15H,6B0, [M+H]* calcd. 249.2026, found 249.2029.

Me

(E)-4,4-dimethyl-2-(3-methyl-5-phenylpent-2-en-1-yl)-1,3,2-dioxaborinane (1cv)

Me,, The titled compound was obtained from alcohol v in 45% (184 mg)

after flash chromatography (1:6 Et,0/Hex). Mixture of 1:1.92 Z/E
isomers.

1H NMR (E isomer) 600 MHz, CDCl;3) § 7.29-7.10 (m, 5H), 5.33 - 5.21
(m, 1H), 3.99 (t, J = 5.7 Hz, 2H), 2.68 (m, 2H), 2.29 (q, J = 9.0 Hz, 2H), 1.78-1.73 (m, 2H), 1.72 (s, 1H)
1.63 (s, 2H), 1.52-1.44 (m, 2H), 1.28 (d, J = 1.9 Hz, 6H). 3C NMR (151 MHz, CDCl5) 6 142.83, 133.66,
133.61, 128.42, 128.21, 128.17, 125.60, 125.52, 121.25, 120.57, 70.05, 70.02, 59.08, 59.06, 41.79,
38.05, 34.96, 34.36, 34.01, 29.29, 22.67, 16.10. 1B NMR (193 MHz, CDCl5) 6 29.71. HRMS (ESI*): m/z
for CigH,6BO,Na [M+Na]* calcd. 295.1845, found 295.1848.
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(E)-2-(3,7-dimethylocta-2,6-dien-1-yl)-4,4-dimethyl-1,3,2-dioxaborinane (1cw)

Me Me The titled compound was obtained from alcohol w in 98% yield (735 mg)
A B/O “eMe after flash chromatography (1:10 Et,0/Hex).
|
s T
|

1H NMR (600 MHz, CDCl5) 6 5.26 (ddq, J = 7.6, 6.0, 1.3 Hz, 1H), 5.12 (tp, J
=7.0, 1.4 Hz, 1H), 4.03 = 3.97 (m, 2H), 2.10 — 1.96 (m, 4H), 1.80 — 1.74 (m,
2H), 1.63 - 1.57 (m, 6H), 1.50 (d, J = 7.6 Hz, 2H), 1.29 (s, 6H). 13C NMR (151
MHz, CDCl3) 6 134.03, 131.03, 124.66, 120.07, 69.97, 59.05, 39.88, 38.07, 29.29, 26.92, 25.72, 17.69,
15.91. 1B NMR (193 MHz, CDCl;) 6 29.54. HRMS (ESI*): m/z for C45H,5BO, [M+H]* calcd. 251.2182,
found 251.2185.

Me Me

(4S,5S)-2-((E)-but-2-en-1-yl)-4,5-bis(2-iodophenyl)-1,3,2-dioxaborolane (N-1c)

Following the general procedure, but using N instead of 3-
' methylbutane-1,3-diol.

27N 1H NMR (600 MHz, CDCl5) & 7.73 (dd, J = 8.0, 1.1 Hz, 2H), 7.40 — 7.32

MesA B Q (m, 4H), 6.95 (ddd, J = 7.9, 6.7, 2.3 Hz, 2H), 5.59 — 5.42 (m, 2H), 5.38 (s,
' 2H), 1.87 (dt, J = 7.0, 1.4 Hz, 2H), 1.64 — 1.59 (m, 3H).

13C NMR (151 MHz, CDCl3) & 141.10, 138.71, 129.10, 127.82, 126.59, 125.13, 124.19, 96.93, 87.88,

17.09. 1B NMR (193 MHz, CDCl;) 6 34.55. HRMS (ESI*): m/z for for C;gH1,B0,1,Na [M+Na]* calcd.

552.9303, found 552.9306.
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PREPARATIONS OF CHIRAL HYDROBENZOINS

All chiral hydrobenzoins except N were prepared via Sharpless asymmetric dihydroxylation. The
starting E-olefines were synthetized through two different strategies depicted in the Scheme S1.

Strategy A

(i

7=

Scheme S1: strategy to access the final chiral hydrobenzoins

Strategy A

In a round bottom flask containing 20 mmol of the alcohol in 40 mL THF were added 20 mmol of
NaBH, The reaction was monitored by TLC until the total consumption of the starting aldehyde. The
reaction mixture was quenched with water and extracted 3 times with Et,0. The organic phases
were collected, dried under MgSO, and concentrated at reduced pressure. No further purification
was needed.

Naphthalen-1-ylmethanol

HO Quantitative yield, white solid. *H NMR (300 MHz, CDCl;, ppm): 6 8.09-8.02 (m, 1H);
7.96-7.88 (m, 1H); 7.88-7.80 (dd, 1H); 7.61-7.50 (m, 2H); 7.50-7.40 (m, 2H); 5 (s, 2H);
OO 3.55 (bs, OH). Data consistent with the literature.?’
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(2-methoxyphenyl)methanol

HO Quantitative yield, white solid. *H NMR (300 MHz, CDCls, ppm): 6 7.33-7.27 (m, 2H);
OMe 6.99-6.94 (m, 1H); 6,92-6,89 (m, 1H); 4.7 (s, 2H); 3,89 (s, 3H); 2.3 (bs, OH). Data
consistent with the literature.2®

R1 ,Q\\ (") 49\ R’]

In a round bottom flask 20 mmol of the previous alcohol were introduced with 20 mL of HCI 37%
and the stirring was turned on. The reaction proceeded as heterogeneous mixture overnight, then
the solution was transferred into a separating funnel and extracted three times with DCM. The
organic phases were collected, dried under MgSO, and concentrated at reduced pressure. No
further purification was needed.

1-(chloromethyl)naphthalene

Cl Quantitative yield, pale yellow oil. *H NMR (300 MHz, CDCl3, ppm): 6 8.28-8.21 (m, 1H);
8-7.89 (m, 2H); 7.73-7.54 (m, 3H); 7.47-7.41 (m, 1H); 5.07 (s, 1H). Data consistent with

OO the literature.?®

1-(chloromethyl)-2-methoxybenzene

cl Quantitative yield, Pale yellow oil. *H NMR (300 MHz, CDCl;, ppm): 6 7.43-7.31 (m,

OMe 2H); 7.01-6.89 (m, 2H); 4.69 (s, 2H); 3.9 (s, 3H). Data consistent with the literature.3°

o
@ ¢
cl PhaP_
o Ry (i) R
i —> Ri
RO o

20 mmol of the chloride were dissolved in 40 mL of toluene and 1 equivalent of PPh; was added to
the flask. The reaction was stirred and refluxed overnight. Afterward the flask was cooled to room
temperature and the precipitate was filtrated and washed with cold ethyl acetate. No further
purification was needed.

(naphthalen-1-ylmethyl)triphenylphosphonium

©
® ¢l Quantitative yield, white solid.*H NMR (300 MHz, CDCl;, ppm): & 7.67-7.50 (m, 11H);

PhgP.
° 7.48-7.35 (m, 7H); 7.27 (d, 1H); 7.20-7.09 (m, 2H); 6.97-6.88 (m, 1H); 5.68 (d, 2H).

94¢
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(2-methoxybenzyl)triphenylphosphonium

® g Quantitative yield, white solid. H NMR (300 MHz, CDCls, ppm): 6 7.80 (m, 3H,);
PhgP 7.66 (m, 6H); 7.61 (m, 6H); 7.30 (m, 1H); 7.25 (m, 1H); 6.80 (m, 1H), 6.62 (d, 1H),
OMe 5-05(d, 2H),3.20 (s, 3H). Data consistent with the literature.?!
©
PhyP "
Ir’/
k\

To a suspension of 20 mmol of the phosphonium salt in 100 mL ethanol, 2 equivalents of sodium
were added in small portions. The reaction was stirred for one hour, then 1 eq. of the corresponding
aldehyde was added to the mixture. After 24 hours the reaction was quenched by the addition of
water and extracted three times with toluene. The organic phases were collected, dried under
MgSO, and concentrated at reduced pressure. The residue was purified by flash chromatography
followed by recrystallization in hot methanol. If the alkene was obtained as a mixture of £/Z it was
converted into the E isomer in the presence of traces of iodine in refluxing toluene.

(E)-1,2-di(naphthalen-1-yl)ethene

OO Pale yellow solid. 30% yield, isolated after flashchromatography (9:1 Hex/Et,0)

as a mixture of 1:1 Z/E. Converted into the trans isomer with traces of iodine in
refluxing toluene. *H NMR (300 MHz, CDCl;, ppm): 6 8.30-8.24 (m, 2H); 7.95-7.84
(m, 8H); 7.59-7.50 (m, 6H). Data consistent with the literature.3?

A

99

(E)-1,2-bis(2-methoxyphenyl)ethene

White solid. 40% yield, isolated after flashchromatography 8:2 Hex/Et20
(Rf=0,77). Resa 40%. Only trans isomer present. *H NMR (300 MHz, CDCl5,
ppm): 6 7.66 (dd, 2H); 7.48 (s, 2H); 7.27-7.20 (m, 2H); 6.68 (td 2H); 6.90 (dd,
2H); 3,89 (s, 6H). Data consistent with the literature.33
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Strategy B

O\
rm . aK
- ®
O ~o

To a suspension of 1.176 g of zinc (18 mmol, 3 eq.) in 60 mL of freshly distilled THF, 9 mL of a solution
of TiCl4 (1.0 M in DCM, 1.5 eq.) were added dropwise. The reaction was stirred and refluxed for one
hour, then 0.73 mL of the aldehyde (6 mmol, 1 eq.) were added. The reaction proceeded at reflux
temperature for three hours, then the flask was allowed to cool to room temperature and 60 mL of
cold HCI 1N were added. The biphasic mixture was filtrated under celite, then the water layer was
separated and extracted three times with DCM. The organic phases were collected, dried under
MgS0O, and concentrated at reduced pressure. Recrystallization with acetone allowed the isolation
of the pure alkene in 20% yield.

(E)-1,2-bis(4-methoxyphenyl)ethene

(@)
O > White solid, 20% of pure E isomer after recrystallization in acetone.
Q X H NMR (300 MHz, CDCls, ppm): 7.47-7.41 (m, 4H); 6.94 (s, 2H);
~o 6.93-6.87 (m, 4H); 3.84 (s, 6H).34
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Asymmetric dihydroxylation

AD-mix-alpha

H,0/'BuOH 1:1
0°C

H, I, L

To a heterogeneous mixture of water/terbutanol (1:1, 0.1 M) the AD-mix-alpha (1.4 g per mmol of
alkene) was added. When the solid was fully dissolved, the flask was cooled to 0°C and the alkene
from the previous step (1 eq.) was added to the mixture. The reaction proceeded for 5-6 days under
vigorously stirring at the same temperature. Then, a saturated solution of Na,SO3 (2.0 g per mmol
of alkene) was added to the flask and the reaction was further stirred at room temperature for 1h.
The mixture was filtrated, washed with EtOAc and the organic layers were separated from the
aqueous one, which was extracted three times with DCM. Afterward, the organic phases were
collected, dry over Na,SO, and concentrated at reduced pressure. The final product was obtained
after the flash chromatography.

(15,25)-1,2-di(naphthalen-1-yl)ethane-1,2-diol (H)

White solid, 60% yield after flash chromatography 8:2 Hex:AcOEt.

14 NMR (300 MHz, CDCls, ppm): 7.88 (d, 2H); 7.78-7.68 (m, 6H); 7.43-7.25
(m, 6H); 5.80 (s, 2H); 2,99 (bs, 2H). Data consistent with the literature.3

The e.r. was determined by HPLC analysis on Lux-amylose 2 column: hexane/i-PrOH 80/20 flow rate
1 mL/min, 25°C, A=210 nm: t;= 13.1 min, t,= 22.8 min; e.r.= 56:44. The enantiomers were separated
by preparative HPLC on Lux-amylose 2 column, hexane/i-PrOH 70:30 flow rate 5 mL/min, 25°C.

O Q (1R,2R)-1,2-bis(2-methoxyphenyl)ethane-1,2-diol (I)

\ o White solid. 90% vyield after flash chromatography 7:3 Hex/Et,O0.
HO  OH 'H NMR (300 MHz, CDCl3, ppm): 6 7.21-7.16 (m, 4H); 6.88-6.82 (m, 2H);
6.77-6.74 (m, 2H); 5.07-5.02 (m, 2H); 3.66 (s, 6H); 3.5-3.44 (m, 2H). Data consistent with the
literature.?

MeO

The e.r. was determined by HPLC analysis on Lux-amylose 2 column: hexane/i-PrOH 80/20 flow rate
1 mL/min, 25 °C, A =210 nm: t;= 13.1 min, t,= 22.8 min; e.r.= 26%. The enantiomers were separated
by preparative HPLC on Lux-amylose 2 column, hexane/i-PrOH 70:30 flow rate 5 mL/min, 25°C.
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(1R,2R)-1,2-bis(4-methoxyphenyl)ethane-1,2-diol (L)

OMe White solid. 50% yield after flash chromatography 6:4 Hex/AcOEt. *H NMR

MeQ
O Q (300 MHz, CDCls, ppm): 7.07-7.02 (m, 4H); 6.79-6.74 (m, 4H); 4.64 (s, 2H);
3.78 (s, 6H); 2.8 (bs, 2H). Data consistent with the literature.?

S
S

HO OH The e.r. was determined by HPLC analysis on Lux-amylose 2 column:
hexane/i-PrOH 80/20 flow rate 1 mL/min, 25 °C, A = 210 nm, only one peak at 33.4 min; e.r.>
99.05:0.5%.

Synthesis of catalyst N

The compound N was readily prepared following a reported procedure:®

HO, ~ OH 1) n-BuLi, reflux
\ 2) I

'
O Q hexane/diethyl ether

(S,S)or (RR)

To an oven dried three necks round bottom flask under nitrogen flow 1 gram of (S,5)- or (R,R)-
hydrobenzoin (1.0 eq., 4.7 mmol), 18.5 mL of hexane an 18 mL of Et,0 were added. To this
suspension, 17.5 mL of n-Buli in hexane (6.0 eq., 28 mmol, 1.6 M) were added dropwise and the
reaction was refluxed overnight. Afterward the flask was allowed to reach room temperature, then
it was cooled to -78°C and 8.23 gram of iodine (7.0 eq., 32.69 mmol) dissolved into a minimal volume
of Et,0 were added to the mixture. The flask was removed from the cooling bath and the stirring
continued for 5 hours at room temperature. The reaction was quenched with 100 mL of saturated
Na,S,0s, then the layers were separated and the aqueous phase was extracted four times with 120
mL of AcOEt. The organic phases were collected, dried under MgSO, and concentrated at reduced
pressure. Flash chromatography (3.5:1 hexane/ethyl acetate) followed by recrystallization with
DCM/hexane allowed the isolation of N in 30% of yield.
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GENERAL PROCEDURE FOR THE ASYMMETRIC SYNTHESIS OF
ALLYLIC HYDRAZIDES

Ii%oc
HN.. -Boc OH |
HO,,
o Me N 10 mol% - K
B Yime +  Boce zNe = O
1 N Boc . . |
0O AcOH/iPrOH 1:1
(0.5 M), 25°C, 24h N
1ca-cw 2a 3a-w

To a screw cap vial 0.3 mmol of boronic ester, 0.3 mL of 'PrOH, 0.3 mL of AcOH, 0.03 mmol of N (14
mg) were added. The solution was stirred for 10 minutes, afterward 0.3 mmol of di-tertbutyl-
azodicarboxylate (69 mg) were introduced to the vessel and the reaction was stirred for 24 hours at
rt. Then the mixture was diluted with hexane and poured into a packed column to perform the flash
chromatography.

Di-tert-butyl (R)-1-(but-3-en-2-yl)hydrazine-1,2-dicarboxylate (3a)

Boc H White solid. The titled compound was obtained from 1ca in 92% yield (79 mg on

|I|Z

BOC 0.3 mmol) or 90% vyield (386 mg on 1.5 mmol) after flash chromatography (1:7
X Me Et,0/Hex).

1H NMR (400 MHz, CDCls3) 6 6.08 (s, 1H), 5.85 (m, 1H), 5.15-5.08 (m, 2H), 4.77 (m, 1H), 1.47 (s, 18H),
1.25(d, J = 7.0 Hz, 3H). 13C NMR (151 MHz, CDCl;) 6 155.62, 154.75, 139.59, 138.01, 115.26, 87.93,
81.19, 80.84, 28.25, 28.16, 16.52. HRMS (ESI*): m/z for Ci4H,6N,0,Na [M+Na]* calcd. 309.1785,
found 309.1791.

The enantiomeric ratio (e.r.) was determined by GC-FID analysis on a Rt-BDEXsm column,
temperature ramp starting from 120°C, increment of 2°C/min. Two couple of peaks with the same
e.r. were observed due to the deprotection of the Boc group promoted by high temperature. First
couple of enantiomers t;= 6.4 min; t,= 6.5 min; second couple of enantiomers t;= 9.5 min; t,= 9.9
min. e.r.=96:4.

Di-tert-butyl (R)-1-(hex-1-en-3-yl)hydrazine-1,2-dicarboxylate (3b)

Boc H White solid. The titled compound was obtained from 1cb in 93% yield (88 mg)
\I;l “Boc  after flash chromatography (1:7 Et,0/Hex).
W\Me

1H NMR (400 MHz, CDCl3) & 6.23-5.67 (m, 2H), 5.21 — 5.02 (m, 2H), 4.55 (s, 1H),
1.82-1.22 (m, 22H), 0.92 (t, J = 7.3 Hz, 3H). 13C NMR (151 MHz, CDCls) & 155.04, 141.90, 139.75,
137.38, 131.24, 130.17, 129.28, 128.82, 127.79, 124.97, 115.79, 81.12, 80.82, 79.86, 56.72, 38.14,
37.22, 28.25, 28.17, 25.69, 25.35, 19.68, 17.66. HRMS (ESI*): m/z for C;gH3oN,0,Na [M+Na]* calcd.
337.2098, found 337.2103.
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The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 97.5/2.5 flow
rate 1 mL/min, 25 °C, A = 210 nm: t;= 5.2 min, t,= 6.2 min. e.r.= 97:3

Di-tert-butyl (R)-1-(5-phenylpent-1-en-3-yl)hydrazine-1,2-dicarboxylate (3c)

White solid. The titled compound was obtained from 1cc in 86% yield (97 mg)
Boc after flash chromatography (1:8 Et,0/Hex).

N
W\© 1H NMR (600 MHz, CDCl5) & 7.32 — 7.14 (m, 5H), 6.22 — 5.53 (m, 2H), 5.26-5.05

(m, 2H), 4.82-4.25 (m, 1H), 3.00 — 2.46 (m, 2H), 2.00 (s, 1H), 1.82 (s, 1H), 1.57-
1.39 (m, 18H). 13C NMR (151 MHz, CDCl5) 6 155.52, 155.01, 142.02, 136.55, 135.78, 128.53, 128.31,
125.76, 125.52, 116.69, 81.30, 80.91, 58.99, 33.20, 32.50, 30.33, 29.70, 28.24, 28.18. HRMS (ESI*):
m/z for C,1H3,N,0,Na [M+Na]* calcd. 399.2254, found 399.2260.

H
Boc<. _NJ

mz

The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 97.5/2.5 flow
rate 1 mL/min, 25 °C, A = 210 nm: t;= 6.6 min, t,= 8.5 min; e.r.= 95.5:4.5.

Di-tert-butyl (R)-1-(5-methylhex-1-en-3-yl)hydrazine-1,2-dicarboxylate (3d)

H White solid. The titled compound was obtained from 1cd in 75% (74 mg) after flash

Bocw, .NJ
N* "Boc chromatography (1:8 Et,0/Hex).

N

1H NMR (600 MHz, CDCl3) & 6.14-5.63 (m, 2H), 5.24-5.04- (m, 2H), 4.80-4.36 (m,

Me™ 'Me  1H) 1.78 — 1.52 (m, 2H), 1.47 (s, 18H), 1.38 — 1.22 (m, 1H), 0.92 (dd, J = 14.4, 6.5

Hz, 6H). 3C NMR (151 MHz, CDCls) § 171.16, 155.18, 154.73, 141.05, 140.09, 139.95, 139.02, 138.75,

137.83, 137.22, 137.12, 135.08, 134.75, 134.22, 133.36, 132.69, 130.84, 130.18, 130.10, 129.75,

129.64, 129.50, 128.96, 128.81, 128.76, 128.71, 128.66, 128.59, 128.44, 128.20, 128.10, 128.02,

127.88, 127.71, 127.66, 124.01, 119.07, 118.68, 118.33, 115.60, 81.84, 81.12, 79.83, 74.80, 74.68,

60.40, 58.56, 56.74, 29.70, 28.19, 28.10, 21.05, 14.20. HRMS (ESI*): m/z for Cy7H33N,0, [M+H]* calcd.
329.2435, found 329.2440.

The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 98/2 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 9.50 min, t,= 12.3 min; e.r. = 94:6.

Di-tert-butyl (R)-1-(hepta-1,6-dien-3-yl)hydrazine-1,2-dicarboxylate (3e)

H White solid. The titled compound was obtained from 1ce in 83% vyield (81 mg)
Boc\\»"~Boc  after flash chromatography (1:8 Et,0/Hex).

INANANF
1H NMR (600 MHz, CDCl5) 6 6.14 — 5.68 (m, 3H), 5.21 — 5.08 (m, 2H), 5.07 — 4.93

(m, 2H), 4.71-4.29 (m, 1H), 2.25 — 1.93 (m, 2H), 1.88-1.70 (m, 1H), 1.66-1.54 (m, 1H), 1.46 (s, 18H).
13C NMR (151 MHz, CDCl3) & 155.53, 154.91, 138.13, 136.52, 125.52, 116.59, 114.93, 81.23, 80.89,
58.72, 30.48, 30.33, 30.29, 29.70, 28.25, 28.17. HRMS (ESI): m/z for Ci7H3,N,0,4 [M+H]* calcd.
327.2278, found 327.2284.

nZz
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The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 95/5 flow
rate 0.5 mL/min, 23 °C, A = 210 nm: t;= 8.4 min, t,= 9.7 min; e.r.= 96:4.

Di-tert-butyl (S)-1-(4-ethylhex-1-en-3-yl)hydrazine-1,2-dicarboxylate (3f)

I|300 White solid. The titled compound was obtained from 1cf in 75% (77 mg) after flash
HN<  -Boc  chromatography (1:7 Et,0/Hex).

nmz

\/\(Et 1H NMR (600 MHz, CDCls) § 6.13 = 5.67 (m, 2H), 5.27-4.96 (m, 2H), 4.50-4.16 (m, 1H),

Et  1.62-1.13 (m, 22H),0.91—-0.77 (m, 6H). 13C NMR (151 MHz, CDCl5) & 174.40, 155.28,
139.74, 135.50, 133.76, 130.10, 128.83, 127.50, 126.45, 117.60, 88.83, 81.15, 80.85, 69.96, 59.84,
59.03, 46.44, 40.73, 38.08, 30.33, 29.25, 29.02, 28.27, 28.16, 27.90, 20.89, 20.43, 11.83, 11.75,
10.24, 9.96. HRMS (ESI*): m/z for C13H34N,0,Na [M+Na]* calcd. 365.2411, found 365.2416.

The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 95/5 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 7.4 min, t,= 8.4 min; e.r.= 95:5.

Di-tert-butyl (S)-1-(1-cyclohexylallyl)hydrazine-1,2-dicarboxylate (3g)

I?oc White solid. The titled compound was obtained from 1cg in 75% (80 mg) after flash
Boc.-NH chromatography (1:7 Et,0/Hex).

X
\/\O 1H NMR (400 MHz, CDCl3) & 6.15 — 5.61 (m, 2H), 5.24-5.08 (m, 2H), 4.33-3.91 (m,
1H), 1.79 - 1.61 (m, 5H), 1.50-1.42 (m, 19H), 1.30 — 1.10 (m, 3H), 0.92 (dd, J = 47.5,

12.0 Hz, 2H). 3C NMR (151 MHz, CDCl;) & 174.70, 155.26, 139.76, 135.18, 117.85, 88.84, 81.05,
65.86, 59.83, 38.39, 33.31, 30.20, 30.05, 29.02, 28.47, 28.28, 28.16, 27.75, 26.42, 25.98, 25.36,
20.54, 15.27. HRMS (ESI*): m/z for C19H34N,0,Na [M+Na]* calcd. 377.2411, found 377.2416.

"z

The e.r. was determined by HPLC analysis on a Chiralcel OD-H column: hexane/i-PrOH 97/3 flow rate
0.5 mL/min, 25 °C, A =210 nm: t;= 7.7 min, t,= 8.4 min; e.r.= 94:6.

Di-tert-butyl 1-((3R,5S5)-5,9-dimethyldeca-1,8-dien-3-yl)hydrazine-1,2-dicarboxylate (3h)

IiD’OC White solid. The titled compound was obtained from 3ch in 70% yield (83 mg)
after flash chromatography (1:9 Et,0/Hex).

1H NMR (600 MHz, CDCl5) 6 6.07-5.68 (m, 2H), 5.23-5.02 (m, 3H), 4.85-4.46 (m,
1H), 1.98 (dp, J = 41.4, 7.7 Hz, 2H), 1.75-1.65 (m, 4H), 1.58 (s, 3H), 1.46 (s, 18H),
1.37 - 1.12 (m, 4H), 0.92 (d, J = 6.4 Hz, 3H). 3C NMR (151 MHz, CDCl5) § 154.99,
139.63, 136.80, 129.92, 129.87, 128.42, 116.30, 81.14, 80.83, 79.83, 59.03, 33.35,
29.71, 28.72, 28.26, 28.17, 25.69, 25.35, 19.35, 17.67, 13.89. HRMS (ESI*): m/z for C,,H4oN,04Na
[M+Na]* calcd. 419.2880, found 419.2886.

The d.r. was determined by HPLC analysis on a Chiralpak AD-H column: hexane/i-PrOH 95/5 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 13.7 min, t,= 15.4 min; e.r. > 99.5:0.5; d.r.= 65:1.
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Di-tert-butyl (S)-1-(1-phenylallyl)hydrazine-1,2-dicarboxylate (3i)

Pale yellow solid. The titled compound was obtained from 1ci in 61% yield (64 mg)
Boc after flash chromatography (1:7 Et,0/Hex).

X
\/\© 1H NMR (600 MHz, CDCls) § 7.35 — 7.09 (m, 5H), 6.22 — 5.50 (m, 3H), 5.30-4.98 (m,
2H), 1.57 — 0.89 (m, 18H). 13C NMR (151 MHz, CDCl5) & 156.25, 155.22, 142.01,

141.92, 139.70, 139.55, 139.05, 135.16, 130.14, 129.99, 129.81, 128.81, 128.36, 127.89, 127.82,
126.41, 117.83, 115.44, 99.14, 97.87, 88.90, 87.97, 81.05, 80.83, 67.52, 65.36, 63.96, 58.78, 43.50,
40.30, 38.40, 33.38, 32.79, 30.19, 30.06, 29.70, 28.28, 28.16, 26.42, 26.16, 26.09, 26.01, 25.99,
25.96, 25.78. HRMS (ESI*): m/z for C19H,3N,0,Na [M+Na]* calcd. 371.1941, found 371.1947.

H
Boc.. _N.

nmz

The e.r. was determined by HPLC analysis on a Chiralcel OD-H column: hexane/i-PrOH 95/5 flow rate
1 mL/min, 25 °C, A = 210 nm: t;= 4.2 min, t,= 4.7 min; e.r.= 95:5.

Di-tert-butyl (S)-1-(1-(o-tolyl)allyl)hydrazine-1,2-dicarboxylate (3j)

5 H Colourless oil. The titled compound was obtained from 1cj in 69% yield (75 mg)
P°>N” TBOC  after flash chromatography (1:7 Et,0/Hex).

N
\/D 1H NMR (600 MHz, CDCls) & 7.34-7.06 (m, 4H), 6.31 — 5.72 (m, 3H), 5.33 = 5.03 (m,
Me 2H), 2.48 — 2.25 (m, 3H), 1.67 — 0.92 (m, 18H). 3C NMR (151 MHz, CDCl5) § 155.24,

154.79, 142.27, 139.76, 139.55, 139.50, 138.32, 137.89, 136.00, 135.50, 131.13, 130.68, 130.48,
130.30, 130.09, 129.73, 129.14, 128.84, 127.82, 127.54, 127.40, 126.78, 126.55, 126.43, 126.28,
126.18, 125.97, 125.88, 125.77, 125.58, 118.11, 115.41, 115.10, 97.98, 88.78, 81.41, 80.75, 79.92,
75.05, 71.98, 60.22, 52.73, 35.94, 29.71, 28.17, 28.07, 27.48, 24.64, 20.01, 19.65, 19.40, 19.11.
HRMS (ESI*): m/z for C,oH30N,04Na [M+Na]* calcd. 381.2098, found 385.2103.

Mz

The e.r. was determined by HPLC analysis on a Lux cellulose-1 column: hexane/i-PrOH 97/3 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 10.7 min, t,= 12.3 min; e.r.= 95:5.

Di-tert-butyl (S)-1-(1-(m-tolyl)allyl)hydrazine-1,2-dicarboxylate (3k)

5 H Pale yellow solid. The titled compound was obtained from 1ck in 55% yield (60
9>\~ TBoc mg) after flash chromatography (1:6 Et,0/Hex).

N
1H NMR (600 MHz, CDCl3) § 7.26 — 7.04 (m, 4H), 6.28 — 6.01 (m, 2H), 5.96-5.65 (m,
1H), 5.34—5.13 (m, 2H), 2.35 (s, 3H), 1.65-1.09 (m, 18H). 13C NMR (151 MHz, CDCls)

Me & 154.87, 135.17, 128.27, 127.14, 125.00, 123.59, 123.39, 118.08, 114.98, 81.56,

80.88, 75.04, 28.23, 28.13, 21.46, 21.37. HRMS (ESI*): m/z for CyH3oN,04Na [M+Na]* calcd.
381.2098, found 385.2103.

Mz

The e.r. was determined by HPLC analysis on a Chiralcel OD-H column: hexane/i-PrOH 97/3 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 9.0 min, t,= 9.9 min; e.r.= 94.5:5.5.
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Di-tert-butyl (S)-1-(1-(4-isopropylphenyl)allyl)hydrazine-1,2-dicarboxylate (3I)

5 H Pale yellow solid. The titled compound was obtained from 1cl in 60% yield (69
OC‘I;J/ Boc mg) after flash chromatography (1:8 Et,0/Hex).
S
\/\©\(Me 'H NMR (600 MHz, CDCl5) 6 7.38 — 6.98 (m, 4H), 6.57-6.02 (m, 2H), 5.96-5.6
(m, 1H), 5.50-5.08 (m, 2H), 2.90 (hept, J/ = 6.9 Hz, 1H), 1.65 — 0.97 (m, 24H).

Me 13C NMR (151 MHz, CDCl5) 6 155.01, 154.41, 154.13, 147.43, 146.42, 142.61,

140.92, 140.69, 139.29, 138.86, 138.28, 136.63, 135.44, 134.51, 130.07, 129.83, 129.78, 129.64,
129.59, 129.27, 129.03, 128.40, 128.14, 127.87, 127.72, 127.66, 127.49, 127.29, 126.08, 126.02,
126.00, 125.99, 125.91, 125.85, 125.71, 123.51, 116.23, 116.14, 115.82, 98.58, 87.38, 80.40, 79.65,
79.61, 74.83, 74.32, 33.44, 27.59, 23.47, 10.35, 7.72. HRMS (ESI*): m/z for Cy,H34N,0,4Na [M+Na]*
calcd. 413.2411, found 413.2416.

The e.r. was determined by HPLC analysis on a Chiralcel OD-H column: hexane/i-PrOH 97/3 flow rate
0.5 mL/min, 20 °C, A = 230 nm: t;= 9.0 min, t,= 9.6 min; e.r.= 96:4.

Di-tert-butyl (S)-1-(1-(3-methoxyphenyl)allyl)hydrazine-1,2-dicarboxylate (3m)

H White solid. The titled compound was obtained from alcohol 1cm in 47% vyield (53
BOC\N’ “Boc mg) after flash chromatography (1:7 Et,0/Hex).
P
1H NMR (600 MHz, CDCl5) 6 7.17 (t, J = 7.9 Hz, 1H), 6.91 — 6.69 (m, 3H), 6.09 — 5.51
(m, 3H), 5.20 (m, 2H), 3.74-3.69 (m, 3H), 1.54 - 0.96 (m, 18H). 3C NMR (151 MHz,

OMe " cpcly) 6 158.82, 158.78, 158.61, 154.14, 153.83, 143.30, 140.84, 139.89, 139.13,
138.58, 133.88, 128.87, 128.56, 128.51, 128.33, 127.38, 119.20, 118.08, 117.58, 117.24, 114.15,
112.67,112.28,111.81, 110.68, 98.09, 80.61, 79.89, 78.82, 74.23, 54.21, 29.30, 28.68, 27.19, 27.11,
26.92. HRMS (ESI*): m/z for CyoH3oN,0OsNa [M+Nal* calcd. 401.2047, found 401.2052.

The e.r. was determined by HPLC analysis on a Chiralcel OD-H column: hexane/i-PrOH 95/5 flow rate
0.5 mL/min, 25 °C, A = 254 nm: t;= 9.3 min, t,= 10.7 min; e.r.= 96:4.

Di-tert-butyl (S)-1-(1-(4-methoxyphenyl)allyl)hydrazine-1,2-dicarboxylate (3n)

Pale yellow solid. The titled compound was obtained from 1cn in 40% yield
Boc (45 mg) after flash chromatography (1:7 Et,0/Hex).

N
\/\©\ 1H NMR (600 MHz, CDCl3) 6 7.34-7.20 (m, 2H), 6.90-6.83 (m, 2H), 6.27 —5.92
OMe

(m, 2H), 5.76 (m, 1H), 5.24 (m, 2H), 3.80 (s, 3H), 1.58 —1.03 (m, 18H). 13C NMR
(151 MHz, CDCl3) 6 159.02, 154.86, 141.82, 139.63, 135.48, 130.95, 130.10, 129.92, 129.87, 129.38,
128.42, 127.96, 127.67, 127.61, 126.29, 120.68, 117.67, 114.05, 114.02, 113.97, 113.71, 113.69,
81.53, 80.86, 79.82, 63.93, 55.28, 31.93, 30.33, 29.70, 28.24, 28.13, 22.70, 14.13. HRMS (ESI*): m/z
for CyoH30N,0sNa [M+Na]* caled. 401.2047, found 401.2052.

H
Boc< _N.

Mz
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The e.r. was determined by HPLC analysis on a Chiralcel OD-H column: hexane/i-PrOH 98/2 flow rate
1 mL/min, 25 °C, A = 228 nm: t;= 11.3 min, t,= 12.1 min; e.r.= 94:6.

Di-tert-butyl (S)-1-(1-(naphthalen-1-yl)allyl)hydrazine-1,2-dicarboxylate (30)

I|300 Colourless oil. The titled compound was obtained from 1co in 58% vyield (69 mg)
Bocs,-NH after flash chromatography (1:7 Et,0/Hex). 69 mg, 58% vield.

Mz

N O 1H NMR (25°C) (400 MHz, C,D,Cl,) & 8.44-7.97 (m, 1H), 7.94 — 7.82 (m, 2H), 7.63 —

O 7.41 (m, 4H), 6.92-6.11 (m, 2H), 5.55-5.09 (m, 2H), 1.79 — 1.09 (m, 16H), 0.53 (bs,

2H). 'H NMR (105°C) (400 MHz, C,D,Cl,) & 8.26 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.0

Hz, 1H), 7.84 (d, J = 8.1 Hz, 1H), 7.62 — 7.44 (m, 4H), 6.63 (d, J = 5.9 Hz, 1H), 6.43-6.30 (m, J = 8.7 Hz,
1H), 5.87 (s, 1H), 5.42 — 5.28 (m, 2H), 1.52 (s, 10H), 1.21 (bs, 8H). 13C NMR (151 MHz, C,D,Cl,) &
135.59, 133.76, 128.83, 126.75, 125.92, 125.38, 124.36, 81.81, 74.31, 74.23, 74.05, 73.87, 28.37,
27.89, 27.05, 20.48. HRMS (ESI*): m/z for Cp3H3oN,0,Na [M+Nal* calcd. 421.2098, found 421.2104.

The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 95/5 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 10.4 min, t,= 12 min; e.r.= 94.5:5.5.

Di-tert-butyl (S)-1-(1-([1,1'-biphenyl]-4-yl)allyl)hydrazine-1,2-dicarboxylate (3p)

H Colourless oil. The titled compound was obtained from 1cp in 57% yield
Boc~\”"~Boc (72 mg) after flash chromatography (from 1:8 Et,0/Hex to 1:5 Et,0/Hex).

"z

X

O 14 NMR (600 MHz, CDCl3) § 7.76 — 7.30 (m, 9H), 6.45 — 6.03 (m, 2H), 6.06 —
O 5.68 (m, 1H), 5.44 — 5.15 (m, 2H), 1.72 — 1.00 (m, 18H). 3C NMR (151 MHz,
CDCl3) 6 155.21, 154.92, 154.59, 141.70, 140.84, 140.71, 140.44, 140.25,
139.76, 138.29, 137.75, 135.83, 135.07, 130.71, 129.91, 128.88, 128.79, 128.73, 128.51, 128.40,
128.15, 127.42, 127.34, 127.32, 127.25, 127.23, 127.16, 127.13, 127.10, 127.04, 127.01, 126.98,
126.94, 126.88, 126.79, 126.68, 118.59, 118.32, 118.09, 115.22, 81.74, 81.01, 75.12, 58.71, 57.22,
31.61, 29.72, 28.45, 28.25, 28.21, 28.15, 22.67, 20.74, 14.15. HRMS (ESI*): m/z for C,sH3,N,0,Na

[M+Na]* calcd. 447.2254, found 447.2260.

The e.r. was determined by HPLC analysis on a Lux 5u cellulose-1 column: hexane/i-PrOH 97/3 flow
rate 0.5 mL/min, 23 °C, A = 210 nm: t;= 16.9 min, t,= 19.1 min; e.r.= 96:4.

Di-tert-butyl (S)-1-(1-(4-chlorophenyl)allyl)hydrazine-1,2-dicarboxylate (3q)

White solid. The titled compound was obtained from 1cq in 60% yield (69 mg)
Boc after flash chromatography (1:7 Et,0/Hex). 69 mg, 60% vyield.

N
\/\©\ 1H NMR (400 MHz, CDCls) § 7.35-7.17 (m, 4H), 6.34-5.59 (m, 3H), 5.35-5.10 (m,
Cl

2H), 1.54-0.99 (m, 18H). 3C NMR (151 MHz, CDCl3) 6 171.16, 155.18, 154.73,
141.05, 140.09, 139.95, 139.02, 138.75, 137.83, 137.22, 137.12, 135.08, 134.75, 134.22, 133.36,
132.69, 130.84, 130.18, 130.10, 129.75, 129.64, 129.50, 128.96, 128.81, 128.76, 128.71, 128.66,

S33
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128.59, 128.44, 128.20, 128.10, 128.02, 127.88, 127.71, 127.66, 124.01, 119.07, 118.68, 118.33,
115.60, 81.84, 81.12, 79.83, 74.80, 74.68, 60.40, 58.56, 56.74, 29.70, 28.19, 28.10, 21.05, 14.20.
HRMS (ESI*): m/z for C19H,;N,0,CINa [M+Na]* calcd. 405.1552, found 405.1557.

The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 95/5 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;=11.7 min, t,= 14 min; e.r.= 96:4.

Di-tert-butyl (S)-1-(1-(4-(trifluoromethyl)phenyl)allyl)hydrazine-1,2-dicarboxylate (3r)

H White solid. The titled compound was obtained from 1cr in 34% yield (43 mg)
Boc~\*"~Boc after flash chromatography (1:7 Et,0/Hex).

N
\/\©\ 1H NMR (600 MHz, CDCl3) & 7.64 — 7.41 (m, 4H), 6.23 — 5.62 (m, 3H), 5.35 (d, J
CF

3 =10.3 Hz, 1H), 5.23 (d, J = 17.4 Hz, 1H), 1.56 — 1.00 (m, 18H). 13C NMR (151
MHz, CDCl5) & 154.70, 139.66, 134.40, 131.29, 129.83, 128.39, 126.83, 126.59, 125.23, 123.24,
82.01, 81.25, 79.80, 65.86, 63.35, 28.17, 28.08, 15.28. 1%F NMR (376 MHz, CDCl5) & -62.59. HRMS
(ESI*): m/z for CyoHsN,04F5 [M+H]* calcd. 417.1996, found 417.2001.

nz

The e.r. was determined by HPLC analysis on a Lux cellulose-1 column: hexane/i-PrOH 97/3 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 10.0 min, t,= 10.7 min; e.r.= 97:3.

Di-tert-butyl (R)-1-(3-methylbut-3-en-2-yl)hydrazine-1,2-dicarboxylate (3s)

Ii%oc White solid. The titled compound was obtained from 1cs in 86% yield (78 mg) after
HN<  -Boc flash chromatography (1:7 Et,0/Hex).

nmz

Me H NMR (600 MHz, CDCl;) 6 6.15-5.52 (m, 1H), 4.98-4.33 (m, 3H), 1.92-1.62 (m, 3H),

Me 1.57-1.42 (m, 18H), 1.28 (d, J = 6.9 Hz, 3H). 13C NMR (151 MHz, CDCl;) 6 155.04, 144.65,

111.79, 81.14, 80.75, 28.25, 28.17, 20.76, 15.37. HRMS (ESI*): m/z for C;5H,sN,0,Na [M+Na]* calcd.
323.1941, found 323.1947.

The e.r. was determined by HPLC analysis on a Chiralcel OD-H column: hexane/i-PrOH 97/3 flow rate
0.5 mL/min, 25 °C, A = 210 nm: t;= 8 min, t,= 9.2 min; e.r.> 99.5:0.5.

Di-tert-butyl (S)-1-(2-methyl-1-phenylallyl)hydrazine-1,2-dicarboxylate (3t)

White solid. The titled compound was obtained from 1ct in 89% yield (97 mg) after
Boc  flash chromatography (from 100% Hex to 1:8 Et,0/Hex).

m 1H NMR (600 MHz, CDCl3) & 7.37 — 7.22 (m, 5H), 6.24-5.95 (m, 1H), 5.82-5.52 (m,

1H), 5.11-4.66 (m, 2H), 1.87 — 1.01 (m, 21H). *3C NMR (151 MHz, CDCl3) § 155.19,
154.72, 154.37, 143.02, 141.92, 139.74, 139.58, 137.60, 136.19, 130.67, 130.17, 130.08, 129.94,
129.86, 129.54, 129.05, 128.88, 128.83, 128.68, 128.38, 128.33, 128.19, 128.17, 128.13, 128.02,
127.80, 127.53, 126.59, 126.45, 126.41, 124.96, 111.14, 99.12, 97.84, 87.94, 81.51, 81.34, 80.79,
80.56, 79.88, 68.93, 67.15, 65.85, 62.26, 30.33, 29.70, 28.37, 28.16, 28.04, 27.94, 27.57, 21.79,

H
Boc.. N~

nmz
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21.08, 18.23, 15.27, 14.12. HRMS (ESI*): m/z for CyH3oN,04Na [M+Na]* calcd. 385.2098, found
385.2103.

The e.r. was determined by HPLC analysis on a Chiralpak AS-H column: hexane/i-PrOH 97/3 flow
rate 0.5 mL/min, 25 °C, A = 220 nm: t;= 17 min, t,= 20.2 min; e.r.= 99.5:0.5.

Di-tert-butyl 1-((1R,5S5)-2-methylene-5-(prop-1-en-2-yl)cyclohexyl)hydrazine-1,2-dicarboxylate
(3u)

AYNTAA RN

White solid. The titled compound was obtained from 1cu in 55% yield (61 mg) after
flash chromatography (1:9 Et,0/Hex).

nmzZ

Me 14 NMR (600 MHz, CDCls) § 6.33-5.85 (m, 1H), 5.00 — 4.48 (m, 5H), 2.58 — 1.33 (m,
28H). 13C NMR (151 MHz, CDCl5) 6 155.60, 155.33, 154.91, 150.61, 148.81, 147.43, 146.83, 139.75,
135.73, 130.11, 128.85, 127.54, 125.52, 122.39, 119.38, 114.07, 110.16, 109.77, 108.99, 108.78,
108.66, 108.19, 88.91, 81.35, 81.20, 80.86, 67.23, 65.85, 60.96, 59.05, 56.97, 41.16, 41.01, 39.33,
38.06, 36.79, 34.32, 33.50, 32.81, 32.21, 31.72, 31.43, 31.06, 30.89, 30.41, 30.33, 29.70, 29.30,
29.05, 28.35, 28.23, 28.18, 27.48, 26.12, 21.59, 21.19, 21.00, 20.92, 20.83, 20.80. HRMS (ESI*): m/z
for CyoH35N,0,4 [M+H]* caled. 367.2591, found 367.2597.

The d.r was determined by *H NMR analysis at 100°C. dr> 20:1.

Di-tert-butyl 1-((15,55)-2-methylene-5-(prop-1-en-2-yl)cyclohexyl)hydrazine-1,2-dicarboxylate
(3v)

Boc. N Pale yellow oil. The titled compound was obtained from 1cu with ent-N in 44% yield
“N”"Boc (49 mg) after flash chromatography (1:9 Et,0/Hex).

1H NMR (400 MHz, CDCl5) 6 6.32-5.98 (m, 1H), 4.88-4.63 (m, 4H), 4.54 — 4.29 (m,

1H), 2.50-2.40 (m, 1H), 2.33 — 2.02 (m, 4H), 1.87-1.75 (m, 1H), 1.58-1.38 (m, 18H),

1.36 — 1.15 (m, 2H). 133C NMR (151 MHz, CDCl5) 6 154.79, 154.15, 153.89, 147.80,
138.73, 129.09, 127.83, 126.52, 118.37, 108.09, 107.96, 107.42, 107.16, 104.12, 103.75, 87.89,
80.41, 80.21, 79.79, 64.84, 58.03, 57.84, 43.37, 43.16, 40.13, 38.31, 37.04, 34.01, 33.60, 33.29,
30.89, 30.64, 30.03, 29.99, 28.28, 28.01, 27.17, 19.90, 14.25. HRMS (ESI*): m/z for CyyH35N,0,
[M+H]* caled. 367.2591, found 367.2597.

Me

The d.r. was determined by *H NMR analysis at 100°C. dr: 89:11.
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Di-tert-butyl (R)-1-(3-methyl-5-phenylpent-1-en-3-yl)hydrazine-1,2-dicarboxylate (3v)

I|300 Pale yellow solid. The titled compound was obtained from 1cv in 50% yield (59
Boc~\,-NH ' mg) after flash chromatography (1:7 Et,0/Hex).

Y
Me 1H NMR (400 MHz, CDCls) & 7.35-7.09 (m, 5H), 6.29-5.89 (m, 2H), 5.17 — 5.03

(m, 2H), 2.80 — 2.20 (m, 3H), 2.14-1.60 (m, 2H), 1.53-1.40 (m, 20H). 13C NMR (151 MHz, CDCl;) &
143.50, 127.35, 124.76, 110.31, 84.60, 80.25, 63.70, 39.62, 29.84, 27.25, 27.24,27.21, 22.69. HRMS
(ESI*): m/z for C,,H34N,04Na [M+Na]* calcd. 413.2411, found 413.2416.

(11 7

To determine the e.r., 50 mg of the compound (0.1 mmol) were converted into the N-benzylated
analogue in 0.2 mL of dry DMF with 49 mg of Cs,CO; (0.15 mmol) and 19 mg of 4-
(bromomethyl)benzonitrile (0.096 mmol, 0.96 eq.), under vigorously stirring at room temperature
for 5 hours. The reaction was quenched with water and extracted one time with Et,0. The organic
layer was directly poured into a packed column to perform the purification (1:5 Et,0/Hex).

Br.
Boc EOHC Boc CN
SN Cs,CO3 i
o+ > Boc\N,N
Me DMF, rt, 5h )
CN Me

Di-tert-butyl (R)-1-(4-cyanobenzyl)-2-(3-methyl-5-phenylpent-1-en-3-yl)hydrazine-1,2-
dicarboxylate (3vb)

Bocw N 7H), 6.30 = 5.92 (m, 1H), 5.42 — 4.94 (m, 2H), 4.52 (d, J = 136.2 Hz,
P 1H), 2.77 = 2.57 (m, 1H), 2.59 — 2.19 (m, 2H), 1.95 (m, 1H), 1.52 —

Me 1.25 (m, 18H), 1.23 — 1.19 (m, 3H). 13C NMR (151 MHz, CDCl5) &
144.54, 132.03, 130.56, 128.43, 128.41, 128.35, 128.27, 125.86, 125.78, 118.82, 111.71, 111.34,
82.07, 81.91, 80.89, 65.86, 64.45, 57.29, 55.91, 44.07, 41.33, 41.06, 40.64, 31.34, 30.86, 30.33,
28.38, 28.27, 28.24, 28.12, 28.05, 25.38, 23.71, 15.29. HRMS (ESI*): m/z for CsoH39N30,Na [M+H]*

calcd. 528.2833, found 528.2838.

BT/Q/CN 'H NMR (600 MHz, CDCl5) 6 7.62 — 7.40 (m, 2H), 7.32 — 6.99 (m,

"z

The d.r and e.r. were determined by HPLC analysis on a Chiralpak ID-3 column: hexane/i-PrOH 98/2
flow rate 0.5 mL/min, 25 °C, A = 254 nm: t;= 21 min, t,= 21.5 min; t3=26.1 min; t,=29 min. d.r. (peak
1 and peak 3 one diastereoisomer; peak 2 and peak 4 one diastereocisomer) =1:1. The e.r. of the
starting trisubstituted hydrazide is 70:30.

S36



Di-tert-butyl (R)-1-(3,7-dimethylocta-1,6-dien-3-yl)hydrazine-1,2-dicarboxylate (3w)

Colourless oil. The titled compound was obtained from 1cw in 80% yield (88 mg)

H
Boc< /N\B
0C after flash chromatography (from 100% Hex to 1:8 Et,0/Hex).

A Me

Nz

1H NMR (600 MHz, CDCl5) § 6.23 — 5.80 (m, 2H), 5.25—4.90 (m, 3H), 2.11 - 1.87 (m,

| 3H), 1.86 — 1.69 (m, 1H), 1.70-1.64 (m, 3H), 165-1.53 (m, 4H), 1.53 — 1.40 (m, 18H),

Me” “Me 1.40-1.29 (m, 2H). 3C NMR (151 MHz, CDCl5) & 155.99, 144.93, 142.61, 131.47,

124.28, 111.55, 110.89, 81.02, 80.89, 80.68, 64.46, 38.82, 38.05, 37.74, 28.40, 28.21, 28.19, 28.18,

25.64, 23.72, 23.05, 22.99, 22.76, 17.58, 15.22. HRMS (ESI*): m/z for CyoH3sN,0,Na [M+Na]* calcd.
391.2567, found 391.2573.

To determine the e.r., 37 mg of the compound (0.1 mmol) were converted into the N-benzylated
analogue in 0.2 mL of dry DMF with 49 mg of Cs,CO; (0.15 mmol) and 19 mg of 4-
(bromomethyl)benzonitrile, (0.096 mmol, 0.96 eq.) under vigorously stirring at room temperature
for 5 hours. The reaction was quenched with water and extracted one time with Et,0. The organic
layer was directly poured into a packed column to perform the purification (1:4 Et,0/Hex).

CN
H
BOC‘N’N\BOC Br: N
Boc< ~
X Me Cs,CO4 N~ Boc
+ . N Me
DMF, rt, 5h
| CN |

Me Me

Di-tert-butyl (R)-1-(4-cyanobenzyl)-2-(3,7-dimethylocta-1,6-dien-3-yl)hydrazine-1,2-
dicarboxylate (3wb)

CN H NMR (600 MHz, CDCls) & 7.59 — 7.51 (m, 2H), 7.49 — 7.43 (m, 2H), 6.19 —
5.95 (m, 1H), 5.15 — 4.99 (m, 3H), 4.55 — 4.30 (m, 2H), 2.10 =1.10 (m, 31H).
HRMS (ESI*): m/z for C,gsHsiN3O4Na [M+Na]* calcd. 506.2989, found
Boc, ~N~goc 506.2995.

The d.r and e.r. were determined by HPLC analysis on a Chiralpak ID-3
column: hexane/i-PrOH 98/2 flow rate 0.5 mL/min, 25 °C,A=210 nm: t;= 13.5
Me” “Me min, t,= 14 min; t3=16 min; t,=17.3 min. d.r. (peak 1 and peak 3 one

diasterisomer; peak 2 and peak 4 one diastereocisomer) =1.15:1, e.r. (major
diastereoisomer)= 94.5:5.5, e.r. (minor diastereoisomer)= 95:5. Enantiomeric ratio of the starting

trisubstitued hydrazide= 90%.
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Diisopropyl (R)-1-(but-3-en-2-yl)hydrazine-1,2-dicarboxylate (3x)

Ve O OYO\rMe 1H NMR (400 MHz, CDCl5) 6 6.01 (m, 2H), 5.21 — 5.04 (m, 2H), 4.92 (hept,
J NH Me /=62 Hz 2H), 478 (m, 1H), 1.22 (m, 15H). HRMS (ESI*): m/z for
Me™ O Cy1,H,,N,04Na [M+Na]* caled. 281.1472, found 281.1478.
vMe

"z

The e.r. was determined by HPLC analysis on a Chiralcel IC column:
hexane/i-PrOH 97/3 flow rate 1 mL/min, 25 °C, A =210 nm: t;= 31.10 min, t,= 33,3 min; e.r.=99.5:0.5.
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DERIVATIZATIONS REACTIONS

Synthesis of 4a

B H Boc N
oC ~INQ Ny -
SN” "Boc  1)2eq 9-BBN, THF, 23°C, 16h N™ “Boc
; » -
\/\Me 2) Hy0, 30% wiw, NaOHgq, from 0°C to rt, 24h HO/\/\Me
3a 4a

In a 50 mL two necks round bottom flask under nitrogen flow were added 6.3 mL of freshly distilled
THF, 85.8 mg of x (0.3 mmol, 1 eq.) and 1.2 mL of 9-BBN (0.5M in THF, 0.6 mmol, 2 eq.). The solution
was stirred overnight at room temperature. When the starting material was fully consumed
(monitored by TLC), the reaction was quenched with 2 mL of distilled water and 0.6 mL of 1.0 M
NaOH. Then the flask was cooled to 0°C and 0.22 mL of H,0, (30% w/w) were added dropwise. The
stirring continued for 24 hours at room temperature; afterward the layers were separated and the
aqueous phase was washed three times with Et,0. The organic phases were collected, washed with
brine, dried with MgSO, and concentrated at reduced pressure. The residue was purified by flash
chromatography (2:1 Et,0/Hex) to obtain 64 mg of the desired product (0.21 mmol, 70% yield).

Di-tert-butyl (R)-1-(4-hydroxybutan-2-yl)hydrazine-1,2-dicarboxylate (4a)

¥ 1H NMR (400 MHz, CDCl5) 8 6.20-6.5.71 (m, 1H), 4.51-4.22 (m, 1H), 3.80-3.49
N“"Boc  (m, 1H), 1.61-1.50 (m, 3H), 1.44 (bs, 18H), 1.15-1.13 (d, 3H). 3C NMR (151 MHz,
HO™ " e CDCl5) & 156.00, 155.76, 135.81, 125.52, 81.59, 81.32, 81.07, 59.42, 49.24,
36.98, 36.40, 34.24, 31.93, 30.33, 29.70, 28.20, 22.70, 20.61, 18.41, 17.89, 14.12. HRMS (ESI*): m/z
for C,1H31N30sNa [M+Na]* caled. 327.1890, found 327.1896.

The e.r. was determined by HPLC analysis on a Chiralpak IA-3 column: hexane/i-PrOH 90/10 flow
rate 0.5 mL/min, 25 °C, A = 210 nm: t;= 19.8 min, t,= 26.2 min; e.r.= 96:4.

Synthesis of 5a

H
Boc<. .N.J
Bocs  “N<goc RuCl3, Nalo, " Boc
H >
AN ACN/ACOE/H,0, HO/Y\Me
Me 0°C, 10 min OH
3a 5a

In a 25 mL round bottom containing 286 mg of 3a (1 mmol, 1 eq.) 6 mL of AcOEt and 6 mL of ACN
were added. The resulting solution was cooled to 0°C and 14.5 mg of RuClz x 3H,0 (0.05 mmol, 0.05
eq.), 321 mg of NalO, (1.5 mmol, 1.5 eq.) and 2 mL of distilled water were added. The dark mixture
was stirred for 10 minutes in the ice bath. Afterward, 15 mL of water were added to the solution
and extracted three times with AcOEt. The organic phases were collected, dry under Na,SO, and
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concentrated at reduced pressure. The residue was purified with flash chromatography (1.5:1
AcOEt/Hex) to afford 266 mg of 5a as a mixture of diastereosiomers (0.83 mmol, 83% yield).

Di-tert-butyl 1-((2R)-3,4-dihydroxybutan-2-yl)hydrazine-1,2-dicarboxylate (5a)

o ¥ 1H NMR (600 MHz, CDCl3) 6 6.80-6.09 (m, 1H), 5.40-4.70 (m, 1H), 4.49-4.06 (m,
OC«, N
N” “Boc 1H), 3.94 - 3.23 (m, 3H), 3.16-2.39 (m, 1H), 1.62 — 1.27 (m, 18H), 1.22 - 0.97
HO/\{.\Me (m, 3H). 3C NMR (151 MHz, CDCl5) § 171.17, 155.20, 88.30, 82.71, 81.95,
OH 72.69, 63.44, 60.41, 53.58, 30.94, 28.25, 28.19, 28.17, 28.14, 21.06, 14.29,

14.21. HRMS (ESI*): m/z for C14HgN,0gNa [M+Na]* calcd. 343.1845, found 343.1840.

The d.r and e.r. were determined by HPLC analysis on a Chiralpak IA column: hexane/i-PrOH 90/10
flow rate 0.5 mL/min, 25 °C, A = 210 nm: t; = 11 min, t; = 11.6 min; t3= 17.2 min; t;= 19.4 min. dr =
2.2:1, e.r. (major diastereoisomer) = e.r.= 96:4.

Synthesis of 6a

H
Boc., .NJ Boc«, .N<
N "Boc NalO, N" "Boc
z > T
HO/Y\Me Eztgco)éHZSO 2:1 “/\Me
OH , 5 min 0
5a 6a

128 mg of the previous diol 5a (0.4 mmol, 1 eq.) were added to a screw cap vial containing an
heterogeneous mixture of 4.2 mL of Et,0/H,0 (2:1). Then, 214 mg of NalO, (0.4 mmol, 1.0 eq.) were
added and was vigorously stirred for 5 minutes. The mixture was diluted with Et,O and extracted
with water. The layers were separated, dried under Na,SO, and concentrated at the rotary
evaporator without heating. The crude was immediately dissolved in 4 mL of Et,0, split in two parts
to proceed with the next derivatizations.

Synthesis of 8a

H B §
B < ’N\ OC\ rd ~
°c N” "Boc NaBH, N™ "Boc
H\n/:\Me iPrOH > i Me
e} OH
6a 8a

Half of the crude was concentrated at reduced pressure, redissolved in 4 mL of iPrOH and subjected
to the reduction with 7.55 mg of NaBH, (0.2 mmol, 1 eq.). After 2 hours the reaction was quenched
with a saturated solution of NH,Cl and extracted three times with AcOEt. The organic phases were
collected, washed with brine, dried with MgS0, and concentrated at reduced pressure. The crude

did not require further purifications.

Di-tert-butyl (R)-1-(1-hydroxypropan-2-yl)hydrazine-1,2-dicarboxylate (8a)
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White solid, 48 mg, 83% yield after 2 steps (from 5a).

Boc., . NJ
o¢ Boc

nmz

1H NMR (600 MHz, CDCl;) & 6.36 — 5.86 (m, 1H), 4.66 — 4.16 (m, 2H), 3.65—3.21 (m,
(\Me 2H), 1.48 (d, J = 11.7 Hz, 19H), 1.13 — 0.93 (m, 3H). 13C NMR (151 MHz, CDCl;) &
OH 158.55, 157.95, 155.71, 154.84, 82.30, 81.98, 81.40, 78.56, 67.75, 67.29, 63.36,

56.01, 53.73, 38.71, 29.70, 28.21, 28.11, 27.95, 26.98, 13.71, 10.61, 9.97, 9.42. HRMS (ESI*): m/z for

C13H,7N,05 [M+H]* caled. 291.1914, found 291.1920.

Compound ent-8a (29 mg, 0.1 mmol), prepared from ent-3a following the so far reported
procedures of derivatization, was directly converted into the N-benzylated analogue 9 in 0.2 mL of
dry DMF with 49 mg of Cs,CO3 (0.15 mmol) and 19 mg of 4-(bromomethyl)benzonitrile (0.096 mmol,
0.96 eq.), under vigorously stirring at room temperature for 5 hours. The reaction was quenched
with water and extracted one time with Et,0. The organic layer was directly poured into a packed

column to perform the purification (100% Et,0).
,/0 s

Boc. -N. CN
oCs\ ‘Boc \/©/ Cs,CO3 .~ BOC‘N'N"B Boc\N,N‘
+ B oc * Boc
Ho I ) DMF,25°C  no L Ho. I
9a

ent-8a 5h
9a’

Di-tert-butyl -1-(4-cyanobenzyl)-2-(1-hydroxypropan-2-yl)hydrazine-1,2-dicarboxylate (9)

The product was obtained as a mixture of

CN CN

/©/ diastereoisomers 9a and 9a’. Viscous oil. 30 mg, 75%

z yield after two steps (from 5a).

BOC“N'N"'B Boc\N,N\
ocC Boc 1 - —
HO\/'\ HO\/k H NMR (600 MHz, CDCl5) & 7.65 - 7.50 (m, 2H), 7.45
92 7.36 (m, 2H), 5.46 — 4.08 (m, 3H), 3.70 —3.39 (m, 2H),
9a a

1.53 — 0.76 (m, 21H). 3C NMR (151 MHz, CDCl;) &
158.36, 157.64, 154.65, 154.41, 146.21, 143.71, 143.09, 132.33, 132.22, 132.18, 129.21, 128.00,
127.60, 127.02, 118.85, 118.73, 118.58, 111.24, 110.96, 83.66, 83.57, 82.32, 81.72, 64.59, 64.25,
63.64, 63.62, 60.40, 58.64, 58.37, 58.30, 56.69, 55.13, 31.59, 30.33, 29.70, 28.26, 28.21, 28.18,
28.11, 27.99, 27.88, 22.66, 21.06, 15.25, 15.02, 14.21, 14.12. HRMS (ESI*): m/z for C,;H3,N30sNa
[M+Na]* calcd. 428.2156, found 428.2162.

The d.r and e.r. were determined by HPLC analysis on a Lux cellulose-2 column: hexane/i-PrOH
90/10 flow rate 1 mL/min, 25 °C, A = 254 nm: t;= 14.1 min, t,= 14.9 min; t3=20.6 min; t,=23.6 min.
d.r.=1:12 (peak 1 and peak 2 one diasterisomer; peak 3 and peak 4 one diasteroisomer). The e.r. of
9a and 92’ is 90:10. The e.r. of starting trisubstitued hydrazide ent-8a is 90:10.
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Synthesis of 7a

H H
Boc<. .N. Boc., N.
N Boc KHzPO4 H0z NaOCl, N™ "Boc
H\n/\Me tBUOH/H,0, 25°C, overnight Ho\n/\Me
(0] (@]
6a 7a

Half of the crude from 6a was concentrated at reduced pressure and redissolved in 2.5 mL of tBuOH
to be subjected to the Pinnick oxidation. To the solution were added 0.5 mL distilled water, 46 mg
of KH,PO,4 (0.34 mmol, 1.7 eq.), 0.1 mL of H,0, 30% w/w (9.6 mmol, 4.8 eq.) and 62 mg of NaOCl,
(0.69 mmol, 3.45 eq.) and the stirring was continued overnight. Then the reaction was quenched
with distilled water and extracted three times with AcOEt. The organic phases were collected,
washed with brine, dried under MgSO, and concentrated at reduced pressure. The crude did not
require further purifications.

N-(tert-butoxycarbonyl)-N-((tert-butoxycarbonyl)amino)-D-alanine (7a)

B H Viscous oil. 47 mg, 78% yield after 2 steps (from 5a).
ocs, -N<
N™  Boc

Ho\n/‘\Me 1H NMR (400 MHz, CDCl) & 6.96-6.32 (m, 1H), 5.20-4.12 (m, 1H), 1.55-1.41 (m,

21H). 3C NMR (151 MHz, CDCl5) & 172.31, 153.00, 83.12, 64.84, 59.11, 55.83,
30.91, 30.56, 30.42, 30.12, 28.68, 28.34, 27.14, 27.05, 27.00, 21.67, 14.20, 14.04,
13.50, 13.10. HRMS (ESI*): m/z for Cy3H,4N,0¢Na [M+Na]* calcd. 327.1527, found 327.1532.

)

To determine the e.r.,, 30 mg of the compound 8a (0.1 mmol, 1 eq.) was converted into the
corresponding methyl-ester in MeOH (0.1 M) with 25 L of TMSCI (0.2 mmol, 2 eq.), stirring at 25°C
for three days. Afterward, the solvent was removed under reduced pressure to afford the desired

product.
H
Boc N
Boc. .N SNTUS
N"Boc  TMsCI o ¥ "Boc
Ho\n/\ MeoHoTM, T
0 25°C, 73 h, 0
7a 15a

Di-tert-butyl (R)-1-(1-methoxy-1-oxopropan-2-yl)hydrazine-1,2-dicarboxylate (15a)

H 1H NMR (600 MHz, CDCls) 6 6.27 (d, J = 165.1 Hz, 1H), 4.83 (d, J = 171.9 Hz, 1H),

Boc~\“NeBoc  3.73 (s, 3H), 1.47 (d, J = 6.1 Hz, 22H). 3C NMR (151 MHz, CDCl3) § 172.04, 154.09,

Meo\n/\Me 80.79, 51.26, 28.68, 27.15, 27.11, 13.32. HRMS (ESI*): m/z for CyaH,sN,OgNa
o) [M+Na]* calcd. 341.1683, found 341.1689.

nZz
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Synthesis of 10j

OsMe
BOC\N’N\BOC Boc\-Ngoc
\/:D KH,PO,, Hy0,, NaOCl, . A
tBuOH/H,0, 25°c, overnight \/D
Me Me
3j 10j

51 mg of 3j (0.14 mmol, 1 eq.) were added to a capped vial and dissolved with 0.3 mL of acetic
anhydride and 0.14 mL of pyridine. Afterward, 8.5 mg of DMAP (0.07 mmol, 0.5 eq.) were added to
the solution and the vial was placed in an oil bath at 50°C and the mixture was vigorously stirred for
24 hours. Then, the reaction was cooled to room temperature and quenched with distilled water.
The layers were separated and the aqueous phase was extracted three times with Et,0. The organic
phases were collected, washed two times with sat NaHCO;, twice with sat NH,Cl and eventually two
times with brine. The organic layer was separated, dried with MgSO, and concentrated at reduced
pressure. The residue was purified by flash chromatography (from 1:5 to 1:3 Et,0/Hex) to afford 45
mg 10j (0.11 mmol, 80% vyield).

Di-tert-butyl (S)-1-acetyl-2-(1-(o-tolyl)allyl)hydrazine-1,2-dicarboxylate (10n)

@) Me
1H NMR (600 MHz, CDCl3) 6 8.14—7.05 (m, 4H), 5.96 —4.93 (m, 4H), 2.53 - 2.21 (m,

Boc~\“N-goc  6H), 1.64-1.00 (m, 18H). 3C NMR (151 MHz, CDCl;) & 134.46, 130.54, 130.18,
27.61, 25.77, 19.32. HRMS (ESI*): m/z for C,,H3,N,05Na [M+Na]* calcd. 427.2203,

\/D 126.68, 126.27, 125.82, 117.73, 84.39, 81.83, 30.94, 28.04, 28.01, 27.85, 27.72,
Me found 427.2209.

Synthesis of 11j

@) Me
Boc<. .N< N

N° Boc Boc NH
\/.D Sml, \/D

>
THF/HMPA, 65°C, 2 h
Me Me
10j 11j

45 mg of 10j (0.11 mmol, 1 eq.) were added to an oven dried two necks round bottom flask under
nitrogen flow containing 1.5 mL of degassed THF and 0.2 mL of degassed HPMA. Then the flask was
placed in an oil bath at 65°C and 8 mL of Sml, (0.1 M in THF) were added dropwise while the solution
is under stirring. After two hours the flask was removed from the bath and the reaction was
qguenched with sat NaHCO; and extracted three times with Et,0. The organic phases were collected,
dried with MgS0O, and concentrated at reduced pressure. The residue was purified by flash
chromatography (from 1:5 to 1:3 Et,0/Hex) to afford 21 mg of 11j (0.08 mmol, 76% yield).
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Tert-butyl (S)-(1-(o-tolyl)allyl)carbamate (11j)

N 1H NMR (600 MHz, CDCl5) 6 7.21 — 7.15 (m, 4H), 6.06 — 5.96 (m, 1H), 5.48 (bs, 1H),
S 5.22 (d, 1H) 5.18 (d, 1H), 2.38 (s, 3H), 1.43 (bs, 9H). 13C NMR (151 MHz, CDCl;) &
\/D 154.98, 138.96, 137.65, 130.71, 127.51, 126.36, 126.19, 115.24, 115.23, 53.07,
Me 28.38, 19.19. HRMS (ESI*): m/z for C,,H3,N,0sNa [M+Na]* calcd. 427.2203, found
427.2209.
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COMPUTATIONAL STUDY

Reaction pathways

The electrophilic amination reaction has been studied with four different crotyl boronates (1aa, 1ca,
G, and N) and 2a. The results are shown in Table S7 and visualized in Figure S4.

Table S7: Comparison between reaction pathways.

Pathway comparison among laa, 1ca, N-1ca and G-1ca

10:- L 10
o )
3 . [
£ -10- - —10
©
&)
ﬁ ] |
& — - - —
S 20 _ _ 20
5+ L 30
] 1ca N-1ca
—40 A - —40
Pre TS Post
[ G-1ca-Re [1 N-1ca-Re laa 1ca
G-1ca-Si N-1ca-Si
G
1 1
aa ca Re face Si face Re face Si face
Pre 0.0 0.0 0.0 1.0 0.0 0.4
TS 11.6 12.7 7.7 11.3 9.7 12.1
Post -40.5 -40.4 -36.1 -37.4 -37.9 -37.5

Comparison between reaction pathways. Energies are in kcal/mol. Theory level: r2scan-3c d4/def2-mTZVPP-

CPCM[e =12]//r2scan-3c d4/def2-QZVP-CPCM[e=12] calculated at standard condition.
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Figure S4. 3D Geometries of the various Transition States (TSs) with their relative energies. Level of theory:
r2scan-3c d4/def2-mTZVPP-CPCM[e=12]//r2scan-3c d4/def2-QZVP-CPCM[e=12] calculated at standard
condition.

The reactions with achiral boronates 1aa and 1ca show a higher AG* than those with the chiral
boronates G-1ca and N-1ca, this result is in accordance with the experimental observation that the
background racemic reaction is slow compared with the catalytic ones. In perfect accord with the
experimental results, DFT calculations predict the formation of the product with (R) stereochemical
configuration when using boronates G-1ca and N-1ca with the (S,5) configuration of the catalyst. In
both cases the enantiomeric ratio (e.r.) of the reaction is slightly overestimated: calculations predict
an e.r. of 97.8:2.2 for G (AAG = 2.4 kcal/mol) and of 99.8:0.2 for N (AAG = 3.6 kcal/mol) while the

experimental values is 96:4. for both G and N.
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Relative position of iodine atoms in TS1-N-Re

In addition to the standard conformational analysis of the TS, an additional analysis of the possible
arrangements of the iodine atom was conducted for the TS of N, as shown in Figure S5. The
structures differ in the relative positions of the iodine atoms and have been simply named according

to their position, where “in” refers to a position “inside” the aromatic pocket, and “out” outside of

Figure S5. Possible disposition of the iodine atoms and relative denomination. Representation of the same
geometries but with different prospective view of the TS1-N-Re geometry: upper line frontal view centred
on the boron atom; bottom line perpendicular view emphasising the aromatic pocket (2a has been omitted
for clarity).

All geometries of the possible conformations were optimized towards the TS. The results are

compiled in Table S8.

Table S8. Relative energy of the four possible conformations of the iodine atoms for
both the possible faces of N.

AAG* [kecal/mol] Re face Si face
00 (142) (166)
oi (141) N.C.
io 4.72 4.08
i 0.00 3.58

Theory level: r2scan-3c d4/def2-mTZVPP-CPCM[e=12] at standard condition. N.C.: not converged.
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The results for the “00” and “o0i” geometries are extremely high due to steric clashes between the
iodine atoms and the reaction zone; therefore, they were not further refined. The favourite one is
that with both the iodine atoms inside the aromatic pocket (“ii”) for both the Re and Si approaches,

and the further conformational search have been conducted one these geometries.

Analysis of TSs of catalyst N and G.

For the geometries of the catalytic reactions, the NCI surfaces have been plotted and are shown in

Figure S6.

TS1-N-Re

Figure S6. NCI analysis of the four catalytic TSs. Dashed blue lines represent a hydrogen bond and semi-
transparent bonds represent the TS bond. Surface color scheme: blue attractive; green London; and red
repulsive interaction. Circle color scheme: orange interactions present in both the diasteromeric TSs; blue
for the reaction site; and green interactions present only in one TS.
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Main common interactions that can be spotted are: i) the hydrogen bond (HB) between the oxygen
of the carbonyl and the -vinylic proton of the crotyl, ii) the London interaction of the methyl moiety
of the BOCs pointing toward the aryl part of the catalyst, and iii) iodine-iodine interaction inside the
aryl pocket. Comparing TS1-N-Re and TS2-N-Si, there are three interactions which are present in
both (shown in orange in the figure) and three additional interactions that are unique to the
preferred TS1-N-Re (shown in green in the figure). These unique interactions include two hydrogen
bonds and one London dispersion interaction between the remaining BOC group and the nearby
aromatic ring. The hydrogen bond between the carbonyl oxygen and the ortho proton of the aryl
group on the catalyst is particularly strong (d=2.30 A). These interactions can explain the
enantioselective preference for this TS and therefore for the formation of the (R) centre, as
observed experimentally. The same analysis performed on TS1-G-Re and TS2-G-Si shows that, once
again, the number of interactions is greater in the favoured TS, thus favouring the approach on the
Re face of the crotyl. Finally, the comparison between the two preferred transition states (TS1-N-
Re and TS1-G-Re) reveals that TS1-N-Re has an extra hydrogen bond, which is also the shortest
present in the structures. This may explain why the AG* of the reaction with the iodine-containing
catalyst is lower by 2 kcal/mol. In Table S9 are reported the selected geometrical parameters

relevant to compare the TSs in Figure S6.

Table S9. Selected geometrical parameter of the 4 asymmetrical reactions

v Ar-Ar NBC | C-NI[A] B-N [A] Pyramidalization B Boc-Ph [A]
TS1-N-Re 133° 93° 2.95 1.98 21.9°
TS2-N-Si 91° 95° 2.80 1.94 26.0°
TS1-G-Re 90° 92° 2.76 1.98 21.4°
TS2-G-Si 86° 95° 2.77 1.91 26.7°

Ar-Ar is the dihedral angle between the two aryl groups; NBC is the bite angle between the nitrogen, boron and
allylic carbon atoms; C-N is the distance between the two reacting atoms; pyramidalization B represents the
dihedral angle between O-O-C-B and helps understanding how much the boron atom is outside of the plane
described from the two ester oxygens and the allylic carbon; Boc-Ph is the minimum distance between the
hydrogens of the methyls of the Bocs and the nearest carbon atom of the phenyl ring.
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From these parameters and from the distances highlighted in Figure S6, the favorable TS1-N-Re
shows three hydrogen bonds, one of these is a highly stabilizing interaction between the oxygen of
the carbonyl moiety and the hydrogen of the C6 of the iodophenyl ring of the catalyst. This
interaction produces the highly distorted y Ar-Ar dihedral angle without disrupting the constructive
interaction inside the aromatic pocket, with the aromatic ring oriented towards the methyl group
thus reinforcing this London interaction between them. This kind of interaction was possible also in
the TS1-G-Re, but the absence of the iodine atoms does not allow the aromatic rings to move
towards the tert-butyl group and the BOC’s carbonyl group; in addition, the carbonyl oxygen is

pointing towards the vinylic B-proton, so the so HB between them can’t be present.
Orbitals analysis

From the steric data above described, the focus of this study shifted toward the understanding of
the orbital’s contribution and interactions. To do so, the projection of the molecular orbitals (MOs)
of both the TSs for catalyst G (here labelled =) on the two different fragments: borocrotyl (G-1ca)

¢; and 2a ;. This analysis was performed assuming that ¢; and 8; are orthonormalized.

N N
J j

N
Yad o+ ) bE=1 (Eq. S4)
J J

Where 7is the number of the orbitals selected to describe the TSs geometry (HOMO-1, HOMO,
LUMO, LUMO+1), j is related to the orbital’s number of the selected fragments, and a and b
represent the coefficients to weight the fragments’ orbitals and are required to be normalized for

each TS’s orbital. The orbitals of the two fragments are represented in Figure S7.
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Figure S7. Orbital chosen for the projection analysis. a) Orbitals for the Ts1-G-Re. b) Orbitals for the Ts2-G-
Si. List of the orbitals selected: Borocrotyl G-1ca: HOMO-1: p of C=C; HOMO: p, of B; LUMO: p* of C=C and s*
of C-B; LUMO+1: p* of G. Azodicarboxylate 2a: HOMO-1: lone pair of N-atoms in 2a; HOMO: p* of N=N; LUMO
p* of C=0; LUMO+1 p* of C=0.

From the results of this analysis, it is evident that the composition of the MOs of the two TSs is
substantially different (Figure S8). For the attack on the Re face, the two occupied orbitals of the TS
(HOMO-1 and HOMO) are predominantly described by the HOMO and HOMO-1 of the G-1ca and by
the HOMO-1, HOMO, and LUMO of the 2a. On the other hand, the orbitals involved for the attack

on the Si face are more mixed, making a clear separation difficult.
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Figure S8. Projection diagram of the TS’s MOs on the two different fragments with main characters
highlighted.

Moreover, a second orbital analysis was conducted to find a reason that could rationalize the energy

difference and thus the enantioselection of the catalyst. To do so, the overlap of the orbitals of the

fragments as basis function was employed.

Sy = S\’ x 100 (Eq. S6)
Y \max(S)

The results (Table S10) show a crucial difference in relative overlap: the maximum overlap is
between 80mo—1 (so the lone pair of the nitrogen atoms) with the ¢ o0 (so the p, of the boron

atom).

Table S10. Relative overlap coefficient of the two diasteromeric TSs of G resulting from Eq. S6.

TS1-G-Re HOMO-1 HOMO LUMO LUMO+1
HOMO-1 1.1% 26.0% 0.0% 2.7%
HOMO 3.9% 7.2% 8.9%
LUMO 0.8% 1.1% 2.4% 5.2%
LUMO+1 4.6% 0.1% 1.0% 0.7%
TS1-G-Si HOMO-1 HOMO LUMO LUMO+1
HOMO-1 0.27% 30.99% 0.78% 0.93%
HOMO 1.42% 3.93% 3.21%
LUMO 2.16% 0.31% 1.48% 14.02%
LUMO+1 8.66% 0.59% 0.51% 0.71%
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This interaction is maximum in the TS1-G-Re and only the 58% of that in TS1-G-Si. Another important
interaction is the ¢pomo—1 (so the p system of the crotyl) with the 800 (so the m* of 2a) but the

difference of this overlap is not so predominant as the one of before (26% in the TS1-G-Re against

31% of TS2-G-Si).
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1B NMR (192 MHz), CDCl,
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1B NMR (192 MHz, CDCl5)
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1IB NMR (192 MHz, CDCl;)
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1B NMR (192 MHz, CDCl;)
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1B NMR (192 MHz, CDCls)
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1B NMR (193 MHz, CDCls)
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1B NMR (192 MHz, CDCl;)
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1IB NMR (193 MHz, CDCls)
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1B NMR (193 MHz, CDCl;)
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1B NMR (192 MHz, CDCl,)

T T T T T
a0 80 70 60 50 40 30

20

10

f1 fnnm)

S81

T
-10

T
=20

T
-30

.
-40

T
-70

-80

-90

-100



£E'TY
£E'T
BE'T
GE'T
EB'TA
BT

58'T

S6'T

98" £

98" £

L

EC'R
EE'R

LA
S8
S8

'"H NMR (400 MHz), CDCl;

= =555

EEeT
“GE'T

il

2.0

= Fooe

HJH E6'0

PM.._.IE:

0.5

TEBI—

in :
g 90'BE—

BreS—

PEOL~

3.0

3.5

f1 (ppm)

OEEZT
EATAR
BSZT
|- = a5 mﬁ/
n 04521
ECOZT
PEOZT
LEBTT
] PUTET
] E5TET
BUEET
ZE9ET

0.0
pricirinqririai

6.5

7.0

13C NMR (101 MHz), CDCl;

L

10

30

40

80 70

o0

180

T
200

T
210

f1 (ppm)

582



—29.42

1B NMR (192 MHz, CDCl;)
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1B NMR (193 MHz, CDCl;)
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1B NMR (192 MHz, CDCL)
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1B NMR (193 MHz, CDCly)
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29.27

1B NMR (193 MHz, CDCl;)
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1B NMR (193 MHz, CDCl;)
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'B NMR (193 MHz, CDCl;)
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1B NMR (193 MHz, CDCls)
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1B NMR (193 MHz), CDCl;
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NMRs TRACES OF ALLYLIC HYDRAZIDES

All the *H NMR spectra display very broad signals due to the rotamers of the Boc groups. To further
prove this well-known feature, one aliphatic and one aromatic compound were selected to be
analysed by NMR at 23°C and at higher temperature. As you can see, at higher temperature the
peaks are sharper and more resolved. A similar trend is also observed by 13C NMR where the signals

rarely correspond to the number of the carbons of the compound, appearing broad and not intense
although the high concentration of the sample.
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Comparison of NMRs
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'H NMR (400 MHz, CDCl3)

13C NMR (151 MHz, CDCl;)
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