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1. X-ray diffraction analysis of products 9aa (Table 2), 9bd (Table 2), 23g (Table 3), 7d (Scheme
4):

a)

b)

Figure S2: ORTEP' diagram of product 9bd (Drawn at 50% probability)
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c)

d)

Figure S4: ORTEP' diagram of product 23g (Drawn at 50% probability)

Figure S5: ORTEP' diagram of product 7d (Drawn at 50% probability)
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2. Table S1: Important crystal data of products 9aa, 9bd
9aa 9bd
CCDC deposition number 1477128 1477129
Emplrlcal C24H22N203S C 1 9H1 8N203
Formula
Formula weight 418.49 322.35
Temperature (K) 293.15 293.15
Wavelength 0.71073 0.71073
Crystal System triclinic monoclinic
Space Group P-1 P12l/c1
a=8.0522(11) A a=7.0264(13) A
Unit Cell b=11.3712(17) A b=14.456(3) A
Dimension c=12.2775(19) A c=15.504(3) A
0=82.627(10)° 0=90°
B=81.964(10)° B=93.110(12)°
v=77.726(9)° v=90°
Volume A’ 1082.0(3) 1572.5(5)
Z 2 4
Density Calculated g/cm’ 1.284 1.362
Absorption 0.177 0.093
coefficient(Mu) mm’
F(000) 440 680
Theta range for data 1.842 -27.343° 2.631-26.345°
collection
-10<=h<=10 -9<=h<=6
Index ranges -14<=k<=14 -18<=k<=18
-15<=I<=15 -19<=1<=20
Reflection Collected 19686 14492
Independent Reflections 4854 3501
[R(int) = 0.0614] [R(int) = 0.0433]
Completeness to the 99.0% 97.9%
theta=25.44°
Absorption Correction Multi-scan Multi-scan
Max. and min. 1 and 0.800955 1 and 0.678785
transmission
Refinement method Full-matrix least- Full-matrix least-
squares on F squares on F
Data/Restraints/parameter 4854/0/279 3501/0/219
S
Goodness of fit on F* 0.992 1.027
Final R indices Ri=0.0511 R;=0.0458
[[>=2sigma(])] wR,=0.1313 wR,=0.1105
R indices (all data) R;=0.1128 R=0.0718
wR,=0.1597 wR,=0.1281
0.231 and -0.236

0.239 and - 0.257

Largest difference peak
and hole
[e.A”]
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3. Table S2: Important crystal data of compounds 23g and 7d

23g 7d
CCDC deposition number 1477130 1477127
Emplncal C25H24N20652 C 1 8H 1 6N20
Formula
Formula weight 512.58 276.33
Temperature (K) 293.15 293.15
Wavelength 0.71073 0.71073
Crystal System monoclinic monoclinic
Space Group P12l/c1 P12l/c1
Unit Cell a=12.154(5) A a=14.6277(13) A
Dimension b=22.713(8)A b= 11.2274(10) A
c=8.812(3) A ¢=9.0326(7) A
a=90° a=90°
B=100.95(2)° B=92.402(4)°
v=90° v=90°
Volume A’ 2388.2(15) 1482.1(2)
Z 4 4
Density Calculated g/cm’ 1.426 1.238
Absorption 0.268 0.078
coefficient(Mu) mm’
F(000) 1072 584
Theta range for data 248 -25.78 ° 2.288-27.372°
collection
Index ranges -15<=h<=15 -18<=h<=18
-29<=k<=25 -14<=k<=14
-11<=1<=10 -l1<=I<=11
Reflection Collected 30599 13422
Independent Reflections 5399 3340[R(int)= 0.0413]
[R(int) = 0.0950]
Completeness to the 97.1% 98.6%
theta=25.44°
Absorption Correction Multi-scan Multi-scan
Max. and min. 1 and 0.587357 1 and 0.753884
transmission
Refinement method Full-matrix least-

Full-matrix least-

squares on F squares on F
Data/Restraints/parameter 5399/0/319 3340/0/192
Goodness of fit on F° 0.941 1.030
Final R indices R=0.0540 R;=0.0451
[[>=2sigma(l)] wR,=0.1442 wR,=0.1135
R indices (all data) R;=0.1002 R,=0.0719
wRy=0.1713 wR,=0.1377
Largest difference peak 0.235 and -0.348 0.199 and -0.156
and hole
[e.A”]
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4) NMR spectra of acetylene S1:
'"H NMR (CDCls, 300 MHz) spectrum of S1:
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5) NMR spectra of allenes 13, 14, 15:
'H NMR (CDCls, 600 MHz) spectrum of compound 13:
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'H NMR (CDCls, 300 MHz) spectrum of compound 14:
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'H NMR (CDCl3, 300 MHz) spectrum of compound 15:
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6) NMR spectra of products 9aa-9al (Table 2):

'"H NMR (CDCl3, 300 MHz) spectrum of product 9aa:

0000—

b T

SSET—

SERT—

LEEP
FER 't

EIE'S
BEs

B o—

1Z1L
el L
91z L
ST L
POT L
0EE {—

85
ELE L
GLE L
1ZF &

e L
GiFE L
GOE' L

Ll

75

Chemical Shift (ppm)

no
097
|

.

=]

=0

[=]

10

3

40

43

55

6.0

6.5

30

Chemical Shift (ppm)

3C NMR (CDCls, 75 MHz) spectrum of product 9aa:

bt gy =

e9ile—=

ihie—

(0]
N
Ts

9aa

EQEL
cm_om../

A

069L—F ==
L7LL

6TLLL
z_mm;
c69z1
102zl
ts'Lel
£28el
ey
ts'6el
ozl
66€EL
SE'sEl

g9l =

T
80
Chemical Shift (ppm)

T
88

S13



'"H NMR (CDCl3, 300 MHz) spectrum of product 9ab:
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—_

H NMR (CDCls, 300 MHz) spectrum of product 9ac:
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'H NMR (CDCls, 300 MHz) spectrum of product 9ad:
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'"H NMR (CDCLs, 600 MHz) spectrum of product 9ae
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'"H NMR (CDCLs, 300 MHz) spectrum of product 9af:
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H NMR (CDCls, 300 MHz) spectrum of product 9ag:
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C NMR (CDCl;3, 75 MHz) spectrum of product 9ag:
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'"H NMR (CDCl3, 300 MHz) spectrum of product 9ah:
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3C NMR (CDCls, 75 MHz) spectrum of product 9ah:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 9ai:
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3C NMR (CDCls, 75 MHz) spectrum of product 9ai:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 9aj:
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'H NMR (CDCls, 300 MHz) spectrum of product 9ak:
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BC NMR (CDCl3, 150 MHz) spectrum of product 9ak:
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'H NMR (CDCls, 300 MHz) spectrum of product 9al:
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C NMR (CDCl3, 75 MHz) spectrum of product 9al:
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7) NMR spectra of products 9ba-9be (Table 2):
'H NMR (CDCls, 300 MHz) spectrum of product 9ba:
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'H NMR (CDCls, 300 MHz) spectrum of product 9bb:
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'H NMR (CDCls, 300 MHz) spectrum of product 9be:
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C NMR (CDCl3, 75 MHz) spectrum of product 9bc:
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'H NMR (CDCls, 300 MHz) spectrum of product 9bd:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 9be:
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8) NMR and HRMS spectra of bis-heteroannulated products 17a, 17b (scheme 2):
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HRMS spectra of product 17a:
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H NMR (CDCls, 300 MHz) spectrum of bis-heteroannulated product 17b:
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3C NMR (CDCls, 75 MHz) spectrum of bis-heteroannulated product 17b:
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HRMS spectra of product 17b:
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'H NMR (CDCls, 300 MHz) spectrum of starting acetylene 18:

9) NMR spectra of 18, 20 (scheme 3):
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'"H NMR (CDCls, 600 MHz) spectrum of product 20:
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2D NMR spectra of 20

HSQC spectrum of product 20:
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Expansion 2:
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HMBC spectrum of product 20:

i
|| .IMNJ.

b L »

PIK-3-169P IH, J3C HMBC! ] j j j ] A

Expansion 1:

PK-3-169F IH. E3C HMBC

F1 [ppm]

40 F1[ppm]

24.0 235 23.0 225

245



Expansion 2:
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COSY spectrum of product 20:
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NOESY spectrum of product 20:
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10) NMR spectra of starting substrates S3, S4, 21 (table 3):
'"H NMR (CDCls, 300 MHz) spectrum of starting substrate S3:
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C NMR (CDCl3, 75 MHz) spectrum of starting substrate S3:
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H NMR (CDCls, 300 MHz) spectrum of starting substrate S4:
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'"H NMR (CDCl3, 300 MHz) spectrum of starting substrate 21:
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11) NMR spectra of products 23:

'"H NMR (CDCl3, 300 MHz) spectrum of product 23a:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 23b:
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'"H NMR (CDCLs, 600 MHz) spectrum of product 23c:
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H NMR (CDCls, 600 MHz) spectrum of product 23d:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 23e:
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"H NMR (CDCl3, 300 MHz) spectrum of product 23f:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 23g:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 23m:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 23n:
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12) NMR spectra of products 7a-7f, 8a-8b (scheme 4):
'"H NMR (CDCl3, 600 MHz) spectrum of product 7a:
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'"H NMR (CDClLs, 600 MHz) spectrum of product 7b:
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'"H NMR (CDClLs, 600 MHz) spectrum of product 7¢:

7

sge”
0SE”

T
8.4

ZE°EIT

20070 — —J LE
L0 — W
[ 20 0 e
o 0 T——
L2
lb N
LT T ——
uwy
3 [~
O
L2
o
L e ——
]
I o
L e
— hMHHM L —_——— . |
a 1
£ ¥
. E Ca— 1
805°¢€ i e T50 - o <a0E ,
] {
¥96°9 ©
TL679 S — L& |
NR.WW = o B = i
6L6°9 )
E = L= Q]
N s ” sLroL
00 L
Eey Q .
y . 5w
§9Z'L— - © o ..m
e = 8 1
TIS°§ ~ o e
LV6"S £25°L B o cm
Sm.w/ mwm.p% o g |
£28°9 ZES'L E- g R ==}
969 o B i il -

w © bt
1L6°9 s?\“ =+ 3]

ZL6"9 056" L [ wn m (@]
e TLLIL = B z
S9Z°L v gams

% 6Ll L —5 gy — 160 N 02911 ———
00€°L v8L L ﬂ ER s=0e - LeZm T egtoer
60E°L LBL L I 3.@2/
£25°L o <01 M 3.@2%
875°L L P e S T 1
zES°L 5 Fe=20r ¢ 0ETeer

3 E — 9972t
h.mm h. o0 e .

: =80 ~  gE'Len
TP5°L - I o O SETREL—
9%¥S°L P ] Q MM%M\IIIII
0S5°L e
L 2 R @
6LL L = [ o < LlEtist
veL L oec g T &

LBL'L ose g ——— 0oL > eeer

g Z

. O

s

S61




'"H NMR (CDClLs, 600 MHz) spectrum of product 7d:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 7e:
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'"H NMR (CDClLs, 600 MHz) spectrum of product 7f:
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3C NMR (CDCl3, 150 MHz) spectrum of product 7f:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 8a:
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3C NMR (CDCls, 150 MHz) spectrum of product 8a
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'H NMR (CDCls, 600 MHz) spectrum of product 8b:
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13) NMR spectra of allene 25 (scheme 5):

'"H NMR (CDCl3, 300 MHz) spectrum of compound 25:
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C NMR (CDCl3, 75 MHz) spectrum of compound 25:
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14) NMR spectra of products 27a-27¢ (scheme 5):

"H NMR (CDCls, 300 MHz) spectrum of product 27a:
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3C NMR (CDCls, 75 MHz) spectrum of product 27a:
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'"H NMR (CDCLs, 300 MHz) spectrum of product 27b:
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"H NMR (CDCl3, 300 MHz) spectrum of product 27¢
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C NMR (CDCl3, 75 MHz) spectrum of product 27¢c:
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15) NMR spectra of products 28a-28c (scheme 5):

"H NMR (CDCls, 300 MHz) spectrum of product 28a:
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3C NMR (CDCl3, 100 MHz) spectrum of product 28a:
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'"H NMR (CDCls, 300 MHz) spectrum of product 28b:
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'"H NMR (CDCl3, 300 MHz) spectrum of product 28c:
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3C NMR (CDCl3, 75 MHz) spectrum of product 28c:
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HRMS spectrum of product 8a:
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