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Stereoselective dihalogenation of alkenes

(DHQ),PHAL (20 mol%)
OH AriICl, (2.0 eq) Cl OH

Ar/v > Ar/'\)
CH20|2, -78 °Ctor.t.
Yield: 32-81 %

ee: 25-81 %

K. C. Nicolaou et al., J. Am. Chem. Soc. 2011, 133, 8134-8137.
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PhSeSePh (5 mol%)
BnEt;NCI (3.0 eq)

R' R? [PyF*IBF 4] (1.3 eq) cl. cl
>=< > R1\\HIII/R2
R* R TMSCI (2.0 eq) Rt RO
C (1.0 eq)
MeCN, r.t.

S. E. Denmark et al, Nature Chem., 2015, 7, 146—-152.

A (1.5eq)
BrTi(Oi-Pr); (1.0 eq) Br

B (1.0 eq)
HO” Z"Ph - HO/\/LPh

MeNO,/toluene (2 : 1)
12 h, r.t.

Yield: 37-71%
ee: 80-91%

N. Z. Burns et al., J. Am. Chem. Soc., 2013, 135, 12960.
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NBS (1.05 eq)

1
R CITi(Oi-Pr); (1.1 eq) R! CI
HO\)\/ RZ - HO Q R2
\ 10-30 mol% (S,R)-D B “R3
R hexanes, -20 °C
Yield: 56-94%
ee: 78-97%

N. Z. Burns et al., J. Am. Chem. Soc., 2015, 137, 3795.

This work
] t-BuOClI (1.1 eq)
R CITi(0i-Pr); (1.1 eq) R! (CI
HO\)%(Rz >  HOUN
\ 10-30 mol% (S,R)-D ol
R hexanes, -20 °C
Yield: 45-94%
ee: 80-86%

N. Z. Burns et al., J. Am. Chem. Soc., 2016, 138, 5150.
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Chlorosulfolipids (CSLs)

B |solation: Ochromonas danica and Poterioochromonas malhamensis in 1962
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Research on CSLs are difficult owing to the lack of availability of CSLs
from natural resources and chemical access to CSLs.




A challenge in Enantioselective Dichlorination
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Development of an Enantioselective Dechlorination

X* source Cl -
2 S CITi(Oi-Pr); /\/k/\ -Bu
Ph 9 OH Ph Y OH 10a: X =Br : HO
r = . _ ' OH
ditions X 106: X = ¢l Y
con =T T t-Bu
entry X" source conditions yield (%) ee (%) ' Ph 1
1 NBS 30 mol% 11, hexanes, r.t. 90 66 Ar_ Ar
(1.7 : 1.0)? : o
; < OH
2 NBS 30 mol% 11, hexanes, -20 °C 81 N i 0\ O
(3.0:1.0) . NAY
3 NCS 30 mol% 11, hexanes, r.t. 52 62 12: Ar = 2-Np
4 13 30 mol% 11, hexanes, r.t. 70 65 : 0
: Cl<
5 PhICl, 30 mol% 11, hexanes, r.t. 12 6 ; N N=Cl
6 14 30 mol% 11, hexanes, r.t. trace - O/}%M
: Me € 13
7 15 30 mol% 11, hexanes, r.t. 66 58
: 0
8 t-BuOCl 30 mol% 11, hexanes, r.t. 56 72 : cl Cl
9 t-BuOCl 30 mol% 12, hexanes, r.t. 73 5 Cl
10 tBuOCI 30 mol% 11, CH,Cly, r.t. 62 20 cl ! “
11 t-BuOCI 30 mol% 11, Et,0, r.t. 75 67 :
------------------------------------------------------------------------------------------ 5 0,0
12 t-BuOCl 30 mol% 11, hexanes, -20 °C 77 78 5 Ar)SfN,CI
13 t-BuOCl 10 mol% 11, hexanes, -20 °C 82 76 (':l
; 15: Ar = p-tolyl

a) Ratio of bromochloride constitutional isomers. '
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Proposed Mechanism

CI* source
CITi(Oi-Pr)5 cl
30 mol% 11 /\/'\/\
Ph” X" 0H > Ph Y~ “OH
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Ph
L distant ) _ 10% hlgher 1i - close -

CI* = NCS: 62% ee (52% vyield) > CI" = BuOCI: 72% ee (56% yield)



Dichlorination Substrate Scope

R, t-BuOCI, CITi(Oi-Pr),

R, Cl Z
\ » N E OH
R, OH ] R2)>{\OH : N
10-30 mol % (R,S)-11 ! Ph N t-Bu

Cl R
Rs hexanes, -20 °C 3 Ph
(R,S)-11
entry substrate yield (%) ee (%) mol (%) 11 product prior art or use in synthesis
Cl
1 PhA/\OH 83 91 10 Ph ~ OH Nicolaou (2011): 58%, 61% ee
16 ArICl,, 20 mol% (DHQD),PHAL
cl (+)-17
Cl

= (deschloro)mytilipin A
2 Me” X on 64 80 15 Me” " oH Vanderwal (2013): (2)-19

18 Cl (+)-19 Burns (this work): (+)-19
A S danicalipin A

3 Me” ™A X"0H 86 83 15 W Yoshimitsu (2011): (+)-21

4 Vanderwal (2014): (@)-21

(_) -21 Burns (this work): (-)-19

Cl
64 81 20 malhamensilipin A
Me/\(vr:\l/\o'* Vanderwal (2014): (B)-23

Cl (+)-23

20

Me/\(\/)/ﬁ\

6
22 OH
Me = A Cl nominal
5 /\/\/\L 45 85 30 Me/\%\/‘\‘/\OH undecachlorosulfolipid
24 OH
OH

ph/\)]\/

26

(yet to be utilized)
Cl (+)-25

Cl
61 90 30 /\m/&/ Burns (2015)
Ph OH ()27




Dibromination Substrate Scope

Bs BrTiOLPr. ) : -Bu
R, NBS, BrTi(Oi-Pr)3 R Br : on HO
X > 3 :
R, OH R2/>,/\OH : N
R 15-20 mol % (R,S)-11 B R ; Ph AN t-Bu
3 hexanes, -20 °C 3 : Ph
; (R,S)-11
entry substrate yield (%) ee (%) mol (%) 11 product
Br
b N X
16 Br (+)-28
Br
2 Me/\/\OH 82 80 20 Me/Y\OH
18 Br (+)-29
Br
NN <
) A
39 M ™ATon 86 80 15 v AN on
20 Br (0)-30
" X Br
e
22 OH Br (+)-31
Br
5¢) /\)]\/ H 84 81 20 Br,
Ph © o “4__oH
26 (+)-27

a) Conditions unless otherwise noted: 1.1-1.2 equiv NBS, 1.1-1.3 equiv BrTi(O/i-Pr)3, 15-20 mol % (R, S)-
11, hexanes, . 20 °C, 4-12 h. b) 3:1 hexanes/CCl, c) absolute configuration unconfirmed.



Synthesis of (—)-Deschloromytilipin A

1) acryloyl chloride (2.0 eq)
DMP (1.3 eq) DIPEA (1.8 eq)
| NaHCO; (3.0 eq) | OH DMAP (0.2 eq)
CH,Cl,, 0 °C CH,Cl,, 0 °C, 80%

Me/Y\OH > Me/M >

|||O
|||O
lIIO

Cl 33B(1LQ(e1q2) ) Cl ClI 2) HG-1l (2 mol%)
n-BuLi (1.2 eq toluene, 90 °C
(+)-19 TFAA (1.3 eq) 34 86%
THF, -78 °C
NaBH,4 (2.4 eq) Cl OH
CeCl3'H,0 (2.4 eq) B H Et,NCls C?JI (;)H gl
> Mo X (1.0 eq) - Me/\‘/\;/\:/\OH
EtOH, r.t., 97% Cl Cl OH CH,CI,/EtOH (10 : 1) Cl EI (=;|
-78 °C, 65% (18:1 dr)
36 37
CuCl (0.1 eq)
TH0 (1.2 eq) TES TMEDA (0.3 eq)
2,6-lutidine (1.2 eq) , A (1.2 eq) Cl OH cl
CH,Cl3, 0 °C, 82 % ¢ o C THF, 0 °Ctor.t. i =
TESOTf (1.7 eq) o él (é)I then Cl ClI cl
2,6-di-tert-butylpyridine (1.7 eq) 1M aq. HCI 38"
CH,CI,, 0 °C, 85 % o 38 MeOH, rt, 28 %
803 ST T T T T T Tt 3
SO4-Pyridine (3.0 eq) c o < ; B(pin) 5
< < < . —
- e i E N g\/ Bng/\(\’)ﬁ :
THF, r.t., 94 % Cl Cl Cl 5 33 A :

(-)-Deschloromytilipin A ~ TTTTTTTTTITTITTmmmmmmmmmss st



Synthesis of Stereotetrad

TMP (2.2 eq)
n-BuLi (2.1 eq)
DMP (1.3 eq) :
Br Br allyl bromide (2.1 eq)
z NaHCO3 (3.0 eq) : AIEL,CI (4.0 eq)
MG/Y\OH > Me/\‘/QO
Br CH,Cl,, 0 °C

r
Br THF, -78 °C, 57%
(-)-29

1) acryloyl chloride (1.5 eq)
DIPEA (1.0 eq)

DMAP (0.2 eq) NaBH, (2.4 eq)
CH,Cl,, 0 °C, 61% CeCls-7H,0 (2.4 eq)

]}y
=
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2) HG Il (2.5 mol%)

toluene, 90 °C
82%

r
EtOH, 0 °C, 66%
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Synthesis of Stereohexads

1) Et4NCl3 (1.0 eq) 1) (R,S)-11 (30 mol%)

¢ oH ¢ CH2ClL/EIOR (10 1) g o t-BuOCl, CITi(Oi-Pr) Cl OH CI
T T 3 .78 °C, 65% (18:1 dr) A e spod dr Tz
Me” Y Y Y OFce Me A > e > Me y OR
~E: Cl Cl c
Ccl cClI ci 2) Fee-Cl OH 2) p-Br(CgH4)COCI Cl ClI ClI
44 36 45
1) (R,S)-11 (30 mol%)
Br OH
Br OH Br 1) PyHBrs oz NBS, BrTi(Oi-Pr)s Br OH Br
A A 88% (7:1d %, 11: N
MG/Y\E/\E/\OFCC % ( r) Me Y A 67%, 11:1 dr o Me : OR
2 2 Br Br B
Br Br Br 2) Fee-Cl OH 2) p-Br(CgH4)COCI Br Br Br
46 43 47

1. Synthesis and characterization of polybromide stereohexads would
help confirm the existence of putative bromosulfolipids.

2. Conformational data on stereohexads could provide insight in to the
manner in which these molecules assemble in a lipid membrane.

3. Investigation of unnatural stereohexads would expand the repertoire

of characterization data for complex polyhalostereoarrays.




Concise Synthesis of (—)-Danicalipin A

1) ICI (2.0 eq) CH,Cl, (1.5 eq)

2,6-lutidine (3.0 eq) Cy, Cy n-BuLi (1.1 eq) Cy, Cy premTTmmeeseeey
B(MIDA) CH,Cly, 0 °C tor.t., 74% /—( THF, -100 °C % i Cya OH !
7 O‘ ’O _— O\ /O E \[ H
H > B cl B Loy o |
B(pin) 2)55 (1.1 eq) Cle — then ~ S

aq. NaOH \) ZnCl, (1.0 eq) “cl 55
54 THF, 0 °C, 85% 56 -100 °C to r.t. 7 % '

(ref. 1)

59 (1.0 eq)

t-Buli (1.1eq) n-BuLi (1.9 eq)

Et,0/Hexanes, -78 °C; Cy, ©v TFAA (1.9 eq) e

MgBry-Et,0 (1.2 eq) / < THF, -78 °C Cl  OH ; :

0. .0 A ; 'W :

S 7 — H '

> Cl B cl ClI CsH13/\‘/\N\)\/>(\OTBS : s o OTBS

then (AN~ otss  then c G ° oG i =

57 (1.1 eq), THF 49 (1.1 eq) 60 : 59 :

-78 °Ctor.t. 6 58 -78 °Ctor.t. D e eememeemmmemmemmemaenas ;

24% from 56 75%

1) CD;0D, r.t.; Lo ;
concentrate; S : DMP (1.3 eq) :
Me4N(CI,Br) (1.1 eq) Cl  0SO; ci.cl @ E ¢l NaHCO; (3.0 eq.) ¢ o
CH3CN, r.t. Al A : 2 2 :

3 - CBH17W0803 E Me'(/\):/Y\OH MGWH :
= 6 : CH,Cl,, 0 °C to r.t. :

2) BusSnH (1.1 eq) ¢t ¢ : cl 750 2 Cl :
EtsB (0.2 eq) Danicalioin A : (=)-21 49 :
air, toluene, -78 °C (-)-Danicalipin '

3) CISO3H, CH,Cl,, rt
21 % overall

Reference
1) Matteson, D. S., J. Org. Chem. 2013, 78, 10009.



Rationale for the Effect of O-Deuteration

R
Cl ¢ MeN4(Cl,Br)
- - \ >
2 CH,CN
Cl Cl 3
60:R=H 86% (1: 3)
60-4: R =D 87% (1:1)
-+ — _ _
Cl—Br—Clu,,, ..
R\ H )tc)romm'/um N R. o . R‘O
. ') ormation Br
undesired cl H %r/,,H
H H —_— Cl AI:-I ' Cl
o’ Cl |
AN Cl H H H H
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B B desired undesired
Cl—Br—Cl
+



