Supporting Information

Ruthenium-Catalyzed Asymmetric [2+2] Cycloadditions between Chiral Acyl
Camphorsultam-Substituted Alkynes and Bicyclic Alkenes

Jordan Goodreid, Karine Villeneuve, Emily Carlson, and William Tam*

Guelph-Waterloo Centre for Graduate Work in Chemistry and Biochemistry, Department
of Chemistry, University of Guelph, Guelph, Ontario, Canada N1G 2W1

Contents
Part I: 'H and *3C spectra of adducts 8h-q, 3/4c,j-v, 5g-o,r, and 13 S2-S34
Part II: HPLC Chromatograms of adducts 5a-o,r and 13 S35-543



1.054

0.982 —

1.000 —

(300 MHz 'H NMR Spectrum in CDCls)

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

(75 MHz BC NMR Spectrum in CDClz)



[SN(=] SN o — — |00 | s ||
@ | O fel - ~ O (N AN — N[O |
N |O o o o oo O | — AN [ [
ol ] — — = | NS N

(300 MHz 'H NMR Spectrum in CDCls)

“““““ L e
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)



BN Y .

I I I I I I I I I

8 7 6 5 4 3 2 1 ppm
48 G Fk

ojo O N| [N

(400 MHz 'H NMR Spectrum in CDCls)

-

N

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

(100 MHz BC NMR Spectrum in CDCls)



(300 MHz 'H NMR Spectrum in CDCls)

“““““ R R R R R N L AR R R R R R R R R RN AR R R R CR R R RN A E YRR R C YRR E T RN Y RN R YRR R R R AR RN R R YRR L R YRR AR R NN R R R YRR AR AR R R R YRR E R R R AR Y PRI RIRRT A TRRTRTANTRTRRAAR
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClg)



o -
-
o4
&
IS
w4
N}
=
o
el
'O
=

o
[eS]
o

™
wn
o
N o™

(300 MHz 'H NMR Spectrum in CDCls)

WWWWMW s WWWWWWW“‘WWWW

e e e R A A
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)



7
=

Me

0o -
~
o
(€]
i
w

N (2] — o || © —~ A |M |
— N o OO (O |n o o~
oy o o oo [H|O|O N N | |
— — N O | [~ [SVIER IS (e ES]

(300 MHz 'H NMR Spectrum in CDCls)

“““““ KRR R R RN R E R RN Ty R R R R L RN R R R AR E R YRR E R RN R R YRR E R RN R YRR R YRR R TR R RN RN PR R R AR YRR E R RN R R YRR R R RN PR R YRR E R YRR A RN AR AR AR RREE Y IRRAR R RARRRYRRAAR
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)



7
8n O

OMe

o <
o <
o o
N o

(300 MHz 'H NMR Spectrum in CDCls)

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

(75 MHz BC NMR Spectrum in CDClz)



o -
N
o
ol
S
w
N
=
o
Mo
'O
3

1.005
1.007

o mn|o
o |
o oo
| =

(300 MHz 'H NMR Spectrum in CDCls)

1.000

“““““ e A A
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz *H NMR Spectrum in CDCls)



2 1 0 ppm
(300 MHz 'H NMR Spectrum in CDCls)

“““““ e e A
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)

10



[e¢]
~
o
w
£
w
o -
=

0 ppm
- NN g N ) Al [on |en
(300 MHz 'H NMR Spectrum in CDCls)
165 ppm
- J[ " J N J y W1MJL "
1§o 1éo 17‘0 1%0 15‘0 11‘40 13‘0 12‘0 110 150 9‘0 8‘0 7‘0 6‘0 5‘0 4‘0 3‘0 2‘0 1‘0 ppm

(75 MHz BC NMR Spectrum in CDClg)

11



ﬂ U

T T T T T T T T
8 7 6 5 4 3 2 1 0 ppm

)

(400 MHz 'H NMR Spectrum in CDCls)

1.030
1.037
1.028>—
S0
2.882
3.229—
3.410N\—

2.000

3.072

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

(100 MHz 3C NMR Spectrum in CDCls)

12



S
//\O
0]
T T T T T
8 6 5 4 3 2 1 0 ppm
: H H . f\“\woﬁ Oj fﬁw[\jfﬂ%ﬁ'mmm
[Te} — o o [ |00 o oo |o|H|O[O[M|N[M
o — o oY oo o o o™ |ofH|M|H|[N oY OO
) I Hlalel e Slolalstlaifen o [ e

(300 MHz 'H NMR Spectrum in CDCls)

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

(75 MHz *H NMR Spectrum in CDCls)

13



- JMWMMM_

T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

1.000\
0.983 7
1.905 =

(300 MHz 'H NMR Spectrum in CDCls)

=

b st s A D bt A St
Y i b VA A A WA e Y

ki ol J mm I IR Y TTY 1Y |
a WW W g

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

(75 MHz BC NMR Spectrum in CDClz)

14



L -

T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 3. 5 3 0o 2 5 2 0o 1 5 1. 0 0.5

N i OEEY @ EemelRkee
(400 MHz 'H NMR Spectrum in CDCls)

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 ppm

(100 MHz 3C NMR Spectrum in CDCIs)

ppm

15



(300 MHz 'H NMR Spectrum in CDCls)

WW&UWJL " Ww ‘m Wi b oy

“““““ L e
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)

16



T.114— 7]
0.975 —

1.471 —

1.000

(300 MHz 'H NMR Spectrum in CDCls)

' e R R
190 180 170 160 150 140 130 120 110

oy "
100 90 80 70 60 50 40 30 20 1

(75 MHz *H NMR Spectrum in CDCls)

0 ppm

17



S
(

o 4

T
8 7 6 5 4 3

1 0 ppm
(300 MHz 'H NMR Spectrum in CDCls)
129 ppm

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

(400 MHz 'H NMR Spectrum in CDCls)

18



MeO

5 4 3 2 1 0 ppm

[} @ [OO | ||O|r~ [~ [
O QO M| [ ||O O | [0 |O
— O[O [ [N || |00 | [O) [T~
— — —|O|H | [[N[O[M|—H|™M

0 -
N
[}

233
000

:

1.977
2

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

(75 MHz BC NMR Spectrum in CDClz)

19



+4q

4 3 2 ]‘. 5 ppm
| R ] 1 N B
(300 MHz *H NMR Spectrum in CDCIs)
“““““ L e e A
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)

20



]
SN
+ 4r
3r
N
/ (@]
//S\\O
o]
T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

2 BE e d EREE ERsEERRET

(400 MHz 'H NMR Spectrum in CDCls)

N.WWM,.J.,_..._« 1/ I——

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

(100 MHz 3C NMR Spectrum in CDCls)

21



+ 4s
3s
N
(0]
/
//S\\O
0]
T T T T T T T T T
8 7 6 5 4 3 2 1 0 ppm

102

1.000>—

!

(400 MHz 'H NMR Spectrum in CDCls)

“““““ e e e A
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(100 MHz 3C NMR Spectrum in CDCls)

22



+ 4t
3t
N
(0]
/
//S\\O
O
N w e
T T T T T T T T
7 6 5 4 3 2 0 ppm

o] — O~ [~ [ [ [™ [ W [~ [|oy |o) |0
N 1) O[N] [~ || [N WD |O |~ |O [~
N — O|O|H O] N[O |00 || [~
— — | = =[] [ [ ][O O [m

(600 MHz 'H NMR Spectrum in CDCls)

“““““ IR R R R R R R L L L L R N B R R
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

(100 MHz 3C NMR Spectrum in CDCIs)

23



Br

- M

T T T T
8 7 6 5 4 3 2 1 0 ppm

(400 MHz 'H NMR Spectrum in CDCls)

MM

[ T T B T T T T
160 140 120 100 80 60 40 20 ppm

(150 MHz 3C NMR Spectrum in CDCls)

24



| 1 I

T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.

Sah &y e

(600 MHz 'H NMR Spectrum in CDCls)

T T T T
15 1.0 0.5 0.0 ppm

28

)
@
1)

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

(100 MHz 3C NMR Spectrum in CDCls)

25



) e

59

rrrTTTTTTT I I [rorrTTTTT frorrTTTTT I I I I T
8 7 6 5 4 3 2 1 0 ppm
O N N [ M| | — | |OY [ [T~
[@)[e) oo oo oo N|N|O|M [
<ls Sl N W 1 N W
(400 MHz 'H NMR Spectrum in CDCls)
“““““ e e R
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

(100 MHz 3C NMR Spectrum in CDCIs)

26



L

5h

(400 MHz 'H NMR Spectrum in CDCls)

“““““ TR TR LR R R R R R R R RN R R RN E RN RN T AR R R R TR R LR Ry R R R AR R R R YRR AR RN R R e R AT RN R EE R R RN R R RN R R R YRR E R R AR R RN RN E R RN AR A RN TR AR R E RN R R AR R RR R YRRE R RRAR RN PACRALRN
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)

27



Cl

5i

| m JULJM L

— | [ced|To] N
o) LD N | ~N
oo oo o
ol ] |

(400 MHz 'H NMR Spectrum in CDCls)

1.000>—

3.177 _—

e e N
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

(75 MHz BC NMR Spectrum in CDClz)

28



2.149

(300 MHz 'H NMR Spectrum in CDCls)

190 180 170 160

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz 'H NMR Spectrum in CDCls)

29



o

5k

(400 MHz 'H NMR Spectrum in CDCls)

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

(100 MHz 3C NMR Spectrum in CDCIs)

30



OMe
T

51
T T T T T T T T T
8 7 6 5 4 3 2 1 0 ppm
‘ H | E Hﬁ rm 07 rm wj Hmj
(o)) < o [Te} — | | ™M |~ < |™M
o o o o oo —|™M oM [
NI NS iy ) [ SN Y VY Y PNy

(300 MHz 'H NMR Spectrum in CDCls)

“““““ L e |
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClg)

31



o=
Oy
[@}[e)]
— | O

(400 MHz 'H NMR Spectrum in CDCls)

“““““ KRR R TR R R R T TR N R R R RN R R YRR E RN R LR R RN R R YRR RN RN L E RN R A CR R R T R R E R C AR E R Y RN E R YRR R R RN R R RN PR R R R RE R SR AR RN R C RN TR A RAR AR RRR RYRRRRRRRARARRARRARNRARANN,
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)

32



[Te}
o
[}

T e ~—
1.752
2.000

<
[T9)
o
o

0.951
0.903

o

1
T

“““““ L 1 A A |
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

(75 MHz BC NMR Spectrum in CDClz)

33



S =
HO
50
J Ul 1
T
8 7 6 5 4 3 2 1 0 ppm

™ o NN n
<N O [ fee}
oo oo |
O | o —

(300 MHz 'H NMR Spectrum in CDCls)

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

(75 MHz BC NMR Spectrum in CDClz)

34



Me0\©\
OM&
HO
5r
) e
T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.0 1 5 1.0 0.5 ppm
2 M\‘ : HH B
(400 MHz *H NMR Spectrum in CDCIs)
“““““ e e 1 e I A |
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

(100 MHz 3C NMR Spectrum in CDCls)

35



L

5 5 1 3 2 1 0 ppm
(300 MHz 'H NMR Spectrum in CDCls)
“““““ L e e R R

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

(75 MHz BC NMR Spectrum in CDClz)

36



Part I1: HPLC Chromatograms
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