
 

Yousuke Yamaokaa,* Daisuke Yamasakia, Daigo Kajiwaraa, Makiko Shinozakia, Ken-ichi Yamadab 
and Kiyosei Takasua* 

aGraduate School of Pharmaceutical Sciences, Kyoto University, Yoshida, Sakyo-ku, Kyoto 606-8501, Japan  
bGraduate School of Pharmaceutical Sciences, Tokushima University, Shomachi, Tokushima, 770-8505, Japan. 

Supporting Information Placeholder 

 

ABSTRACT: Zn(OTf)2 catalyzed domino reaction of enamide-ynamides in the presence of trimethylsilyl cyanide as an external 
nucleophile to construct spirocyclic indolines was developed. This domino reaction involved cyclization of enamide to yna-
mide to generate 4',5'-dihydrospiro[indoline-3,3'-pyrrol]-1'-ium followed by cyanide addition to produce spiroindolopyrrol-
idines with good diastereoselectivity. 

Spirocyclic pyrrolidinoindolines are privileged scaffolds 
found in bioactive alkaloids like coerulescine1, uncarines2, 
aspidospermidine3 and strychnine4, as well as pharmacol-
ogy agents5 (Figure 1). Because of their biological im-
portance and structural features, spirocyclic pyrroli-
dinoindolines have been synthesized in several ways.6  

  

Figure 1. Representative spirocyclic pyrrolidinoindolines 

 

Meanwhile, ynamides have received much attention as 
intriguing building blocks for nitrogen-containing product 

synthesis7. This synthon is specifically well suited for the 
synthesis of heterocyclic compounds via cyclization reac-
tions.8 As a result, there have been a few reports on the syn-
thesis of spiroindolines using tryptamine-derived ynamides 
(Scheme 1).9 However, during the synthesis of spiroin-
dolines from tryptamine-derived ynamides, a carbon bond 
is formed at C-2 via rapid Wagner–Meerwein rearrange-
ment. Previous research reports the requirement of intra-
molecular traps with an appropriate nucleophile to prevent 
this. Lin, Lie, and colleagues9e recently reported the synthe-
sis of spiro[indoline-3,4'-pyridin]-2-yl carbamate via an 
AgOTf/PPh3-catalyzed tandem cyclization of tryptamine-
ynesulfonamides with an appropriately suitable external 
nucleophile, such as carbamate, to prevent rearrangement 
(Scheme 1c). However, only carbamate with appropriate 
acidity and nucleophilicity can be used as external nucleo-
phile. We reported a Brønsted acid-promoted cyclization of 
arene-ynamide to give polycyclic quinolines and the total 
synthesis of natural products such as aplidiopsamine A as 
an application of this methodology (Scheme 2a).10 In this re-
action, the intramolecular electrophilic aromatic substitu-
tion of ynamide bearing (hetero)aromatic ring proceeds 
with a Brønsted acid to afford the quinoline skeleton. As a 
result, we predicted that if the aryl moiety is replaced with 
dihydropyrrole, cyclization of ynamide would proceed se-
lectively from the 3-position of the dihydropyrrole, fol-
lowed by nucleophilic addition on the resulting iminium to 
yield spiroindoline derivatives (Scheme 2b). 
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Scheme 1. Representative Tryptamine-derived Yna-
mide Cyclizations to Spirocyclic Indolines 

 

 

Scheme 2. Our previous work and Proposal for Spiro-
cyclic Pyrrolidinoindolines Synthesis 

 

 

We examined the cyclization reaction of enamide-yna-
mide 1a with trimethylsilyl cyanide (TMSCN) as an external 
trapping reagent under several conditions (Table 1). When 
the reaction was carried out with stoichiometric amount of 
trifluoromethanesulfonic acid (TfOH) in CH2Cl2 at 23 °C un-
der the same conditions as the previous work 10, the reac-
tion proceeded well to give the desired spiroindoline 2a in 
91% yield albeit with low diastereoselectivity (dr = 60:40) 
(entry 1). When the reaction was carried out with a catalytic 
amount of TfOH (entry 2), only 11% of the yield of 2a was 
obtained. Following that, we looked into the reaction with a 
catalytic amount of several Lewis acids and additives to in-
spect whether diastereoselectivity could be improved (en-
tries 3-7). The use of zinc trifluoromethanesulfonate re-

sulted in a low yield as well as low diastereoselectivity (en-
try 3). We investigated the effect of additional proton 
sources on Lewis acid turnover. Several studies have shown 
that 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) has a positive 
effect on chemical yield, but the diastereoselectivity has not 
improved (entries 3-5). Other Lewis acids, such as copper 
and scandium trifluoromethanesulfonate, produce lower 
yields (entries 6 and 7). The temperature has little effect as 
well (entry 8). Other solvents, including toluene, 1,4-diox-
ane, and hexane were investigated for the reaction (entries 
8-11)11. The use of 1,4-dioxane increased diastereoselectiv-
ity (dr = 85:15) while maintaining the chemical yield (entry 
10). Hexane produced the best results in terms of diastere-
oselectivity, albeit at a low yield (entry 11). We discovered 
that using 1,4-dioxane and hexane (v/v = 1/1) as mixed sol-
vents yielded satisfactory results in terms of yield (85%) 
and diastereoselectivity (dr = 90:10) (entry 12)12. We con-
ducted the domino reaction of 1a to 2a on a gram scale (en-
try 13). Moreover, product 2a was obtained in 90% yield 
with good diastereoselectivity. Recrystallization of the dia-
stereomixers allowed for the selective production of anti-
2a (788 mg, 60% yield). Ambiguously the structure of anti-
2a as a major diastereomer was revealed by X-ray analysis. 

 

Table 1. Optimization of Reaction Conditions with 1aa 

 

Entry Temp 
(°C) 

acid solvent additive Yieldb 

(%) 

drc 

1 23  TfOHd CH2Cl2 none 91 60:40 

2 23 TfOH CH2Cl2 none 11 60:40 

3 23 Zn(OTf)2 CH2Cl2 none 22 55:45 

4 23 Zn(OTf)2 CH2Cl2 tBuOH 75 60:40 

5 23 Zn(OTf)2 CH2Cl2 HFIPe 79 60:40 

6 23 Cu(OTf)2 CH2Cl2 HFIP 65 55:45 

7 23 Sc(OTf)3 CH2Cl2 HFIP 40 55:45 

8 50 Zn(OTf)2 DCE HFIP 85 65:35 

9 50 Zn(OTf)2 toluene HFIP 47 80:20 

10 50 Zn(OTf)2 dioxane HFIP 77 85:15 

11 50 Zn(OTf)2 hexane HFIP 9 90:10 

12 50 Zn(OTf)2 dioxane/ 

hexane 

HFIP 85 90:10 

13f 50 Zn(OTf)2 dioxane/ 

hexane 

HFIP 90 90:10 

aReaction conditions: 1a (0.1 mmol), acid (10 mol %), addi-
tive (1.1 equiv), TMSCN (5.0 equiv.) in solvent (0.1 M). bIsolated 
yields. cdetermined by crude 1H-NMR. d1.1 equivalent of TfOH 
was used. eHFIP = 1,1,1,3,3,3-hexafluoro-2-propanol. f 2.77 
mmol (1.1 g) scale. 

The substrate scope of the cyclization reaction was 
achieved under the optimized reaction conditions (Table 1, 
entry 12), and the results are summarized in Scheme 3. The 
substrates 1b-e with electron-donating and -withdrawing 
group substituted on the phenyl ring produced the desired 
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products 2b-e in high yields with high diastereoselectivities. 
Changing the protecting groups on both enamide and yna-
mide to tosyl or methyl carbamates had no effect on the re-
action (2f and 2g). The different ring size of enamides were 
investigated. The six and seven-membered rings are appro-
priate for obtaining the desired products (2h and 2i). The 
substituents on a terminal posi- 

Scheme 3. Substrate Scopea-c 

 

 

 aReaction conditions: 1a (0.1 mmol), Zn(OTf)2 (10 mol %), 
HFIP (1.1 equiv.), nucleophile (5.0 equiv.) in 1,4-dioxane/hex-
ane (v/v = 1/1, 0.1 M). bIsolated yields. cdiastereomer ratio was 

determined by crude 1H-NMR. d1,2-dichloroethane as a solvent. 
equenched with TBAF for deprotection of silyl group 

tion of ynamide were investigated. However, when diox-
ane/hexane mixed solvents were used for the reaction of 1j, 
the reaction rate was extremely slow resulting in a de-
creased yield (2j, 15% yield, dr = 90:10). The use of 1,2-di-
chloroethane resulted in high yield of 2j with moderate di-
astereoselectivity (76%, dr = 65:35). The nuclear Overhau-
ser effect (NOE) correlations were used to determine the Z 
geometry of the methyl group of 2j.13 The substrate 1k 

bearing bulkier TIPS group on the terminal position of yna-
mide gave the product 2k with good diastereoselectivity 
(79% yield, dr =81:19). The use of 1l bearing phenyl group, 
somehow, gave complex mixtures.  We investigated alterna-
tive external trapping reagents for the reaction with 1a. The 
reaction with allyltributylstannane yielded the desired 
product of 2m in high yield with moderate diastereoselec-
tivity. The use of sodium cycnoborohydride resulted in 
good yield of the reducing product 2n.  The use of acetone 
derived tert-butyldimethylsilyl enol ether as an external nu-
cleophile resulted tricyclic spiroindoline 2o (32%) and tet-
racyclic indoline 2o’ (32%) obtained by cyclization from en-
amide.  

Finally, we put product 2 through its paces under several 
conditions (Scheme 4). Ozonolysis of anti-2a proceeded 
well to afford oxindole 3 in 91% yield. Deprotection of 
methylcarbamate with 2-fluorobenzylamine afforded oxin-
dole 4.14 Further derivatization of cyano group in 4, such as 
esterification was conducted to afford ester 5 in 68% yield. 
Finally, we applied our methodology to produce 1g of 
known spiroindoline 6 which can be converted to co-
erulescine (see Figure 1) as reported by Suárez-Castillo 

group15.  

 

Scheme 4. Further Derivatization of the Product 2 

 

 

 

In summary, we developed an efficient method for Lewis 
acid-catalyzed domino cyclization of enamide-ynamides 1 
with external nucleophiles to yield spiroindolopyrrolidine 
derivatives 2 with high diastereoselectivity. We also 
demonstrated additional application of the obtained prod-
uct, such as formal natural product synthesis. Our labora-
tory is currently working on asymmetric synthesis of this 
reaction. 

 

 
The Supporting Information is available free of charge on the 
ACS Publications website. 
 
Experiment procedures, supplemental figure, and copies of 1H 
and 13C NMR spectra (PDF) 
crystallographic information for 2a and 2o (CIF) 



 

 

4 

* yyamaoka@pharm.kyoto-u.ac.jp 
* kay-t@pharm.kyoto-u.ac.jp 
  

The authors declare no competing financial interest. 

This work was financially supported by JSPS KAKENHI (Grant 
Numbers 18K05103, 19H03350), MEXT KAKENHI (Grant 
Number JP21H05211) in Digi-TOS, and AMED Platform for 
Supporting Drug Discovery and Life Science Research (Grant 
Number jp19am0101092j0003) and BINDS from AMED (Grant 
Number 22ama121042j0001 and 22ama121034j0001). Y.Y. 
thanks the Takeda Science Foundation.  

(1) Anderton, N.; Cockrum, P. A.; Colegate, S. M.; Edger, J. A.; 
Flower, K.; Vit, I.; Willing, R. I. Oxindoles from Phalaris co-
erulescens. Phytochemistry 1998, 48, 437–439. 

(2) Chan, K. C.; Morsingh, F.; Yeoh, G. B. Alkaloids of Uncaria 
pteropoda. Isolation and Structures of Pteropodine and 
Isopteropodine. J. Chem. Soc. C, 1966, 2245–2249. 

(3) Biemann, K.; Friedmann-Spiteller, M.; Spiteller, G. An Inves-
tigation by Mass Spectrometry of the Alkaloids of Aspido-
sperma quebracho-blanco. Tetrahedron Lett. 1961, 2, 
485−492. 

(4) Pelletier, P. J.; Caventou, J. B.; Note sur un nouvel Alcali. Ann. 
Chim. Phys. 1818, 8, 323−324. 

(5) Powell, N. A.; Kohrt, J. T.; Filipski, K. J.; Kaufman, M.; 
Sheehan, D.; Edmunds, J. E.; Delaney, A.; Wang, Y.; Bour-
bonais, F.; Lee, D.-Y.; Schwende, F.; Sun, F.; McConnell, P.; 
Catana, C.; Chen, H.; Ohren, J.; Perrin, L. A. Novel and Selec-
tive Spiroindoline-based Inhibitors of Sky Kinase. Bioorg. 
Med. Chem. Lett. 2012, 22, 190−193. 

(6) For a review, see: Bariwal, J.; Voskressensky, L. G.; Van der 
Eycken, E. V. Recent advances in Spirocyclization of Indole 
Derivatives. Chem. Soc. Rev., 2018, 47, 3831−3848.  

(7) For a review, see: (a) Evano, G.; Coste, A.; Jouvin, K. Yna-
mides: Versatile Tools in Organic Synthesis. Angew. Chem., 
Int. Ed. 2010, 49, 2840−2859. (b) DeKorver, K. A.; Li, H.; 
Lohse, A. G.; Hayashi, R.; Lu, Z.; Zhang, Y.; Hsung, R. P. Yna-
mides: A Modern Functional Group for the New Millennium. 
Chem. Rev. 2010, 110, 5064−5106. (c) Evano, G.; Theunis-
sen, C.; Lecomte, M. Ynamides: Powerful and Versatile Rea-
gents for Chemical Synthesis. Aldrichimica Acta 2015, 48, 
59−70. (d) Evano, G.; Michelet, B.; Zhang, C. The Anionic 
Chemistry of Ynamides: A Review. C. R. Chim. 2017, 20, 
648−664. (e) Dodd, R. H.; Cariou, K. Ketenimines Generated 
from Ynamides: Versatile Building Blocks for Nitrogen-
Containing Scaffolds. Chem. - Eur. J. 2018, 24, 2297−2304. 
(f) Zhou, B.; Tan, T.-D.; Zhu, X.-Q.; Shang, M.; Ye, L.-W. Re-
versal of Regioselectivity in Ynamide Chemistry. ACS Catal. 
2019, 9, 6393–6406. (g) Mahe, C.; Cariou, K. Ynamides in 
Free Radical Reactions. Adv. Synth. Catal. 2020, 362, 
4820−4832. (h) Lynch. C. C.; Sripada, A.; Wolf, C. Asymmet-
ric Synthesis with Ynamides: Unique Reaction Control, 
Chemical Diversity and Applications. Chem. Soc. Rev., 
2020,49, 8543–8583. (i) Chen, Y.-B.; Qian, P.-C.; Ye, L.-W. 
Brønsted Acid-Mediated Reactions of Ynamides. Chem. Soc. 
Rev., 2020,49, 8897–8909. (j) Shandilya, S.; Gogoi, M. P.; 
Dutta, S.; Sahoo, A. K. Gold-Catalyzed Transformation of 
Ynamides. Chem. Rec. 2021, 21, 4123–4149. 

(8) For reviews of cyclization with ynamide, see: (a) Wang, X.-
N.; Yeom, H.-S.; Fang, L.-C.; He, S.; Ma, Z.-X.; Kedrowski, B. 
L.; Hsung, R. P. Ynamides in Ring Forming Transformations. 

Acc. Chem. Res. 2014, 47, 560−578. (b) Pan, F.; Shu, C.; Ye, 
L.-W. Recent Progress towards Gold-Catalyzed Synthesis of 
N-Containing Tricyclic Compounds Based on Ynamides. 
Org. Biomol. Chem. 2016, 14, 9456−9465. (c) Prabagar, B.; 
Ghosh, N.; Sahoo, A. K. Cyclization and Cycloisomerization 
of π-Tethered Ynamides: An Expedient Synthetic Method to 
Construct Carbo- and Heterocycles. Synlett 2017, 28, 
2539−2555. (d) Hong, F.-H.; Ye, L.-W. Transition Metal-Cat-
alyzed Tandem Reactions of Ynamides for Divergent N-
Heterocycle Synthesis. Acc. Chem. Res. 2020, 53, 2003–
2019. (e) Hu. Y.-C.; Zhao, Y.; Wan, B.; Chen, Q.-A. Reactivity 
of Ynamides in Catalytic Intermolecular Annulations. Chem. 
Soc. Rev., 2021, 50, 2582−2625. (f) Li, Q.; Han, L.; Zhao, L.; 
Hou, Y. Importance of Ynamides in Heterocyclic Synthesis. 
Synth. Commun., 2021, 51, 2754−2781.  

(9) (a) Zheng, N.; Chang, Y.-Y.; Zhang, L.-J.; Gong, J.-X.; Yang, Z. 
Gold-Catalyzed Intramolecular Tandem Cyclization of In-
dole-Ynamides: Diastereoselective Synthesis of Spirocyclic 
Pyrrolidinoindolines. Chem. − Asian J. 2016, 11, 371–375. 
(b) Wang, Y.; Wang, X.; Lin, J.; Yao, B.; Wang, G.; Zhao, Y.; 
Zhang, X.; Lin, B.; Liu, Y.; Cheng, M.; Liu, Y. Ynesulfonamide-
Based Silica Gel and Alumina-Mediated Diastereoselective 
Cascade Cyclizations to Spiro[indoline-3,3’-pyrrolidin]-2-
ones under Neat Conditions. Adv. Synth. Catal. 2018, 360, 
1483–1492. (c) Wang, Y.; Lin, J.; Wang, X.; Wang, G.; Zhang, 
X.; Yao, B.; Zhao, Y.; Yu, P.; Lin, B.; Liu, Y.; Cheng, M. Brønsted 
Acid-Catalyzed Tandem Cyclizations of Tryptamine-Yna-
mides Yielding 1H-Pyrrolo[2,3-d]carbazole Derivatives. 
Chem. −Eur. J. 2018, 24, 4026–4032. (d) Matsuoka, J.; 
Kumagai, H.; Inuki, S.; Oishi, S.; Ohno, H. Construction of the 
Pyrrolo[2,3-d]carbazole Core of Spiroindoline Alkaloids by 
Gold-Catalyzed Cascade Cyclization of Ynamide. J. Org. 
Chem. 2019, 84, 9358–9363. (e) Liang, G.; Pang, Y.; Ji, Y.; 
Zhuang, K.; Li, L.; Xie, F.; Yang, L.; Cheng, M.; Lin, B.; Liu, Y. 
Diastereoselective Syntheses of Spiro[indoline-3,4’-pyri-
din]-2-yl Carbamates via AgOTf/Ph3P-Catalyzed Tandem 
Cyclizations of Tryptamine-Ynesulfonamides. J. Org. 
Chem. 2020, 85, 3010–3019. 

(10) Yamaoka, Y.; Yoshida, T.; Shinozaki, M.; Yamada, K.-I.; Ta-
kasu, K. Development of a Brønsted Acid-Promoted Arene–
Ynamide Cyclization toward the Total Syntheses of Marino-
quinolines A and C and Aplidiopsamine A. J. Org. Chem. 
2015, 80, 957–964.  

(11) Cainelli, G.; Galletti, P.; Giacomini, D. Solvent Effects on Ste-
reoselectivity: More Than Just an Environment. Chem. Soc. 
Rev., 2009, 38, 990–1001. 

(12) See the Supporting Information for more details of the op-
timized conditions and initial results of asymmetric reac-
tions with chiral ligands. 

(13) See the Supporting Information. 
(14) Litvajova, M.; Sorrentino, E.; Twamley, B.; Connon, S. J. 

Base-free Enantioselective SN2 Alkylation of 2-Oxindoles 
via Bifunctional Phase-transfer Catalysis. Beilstein J. Org. 
Chem. 2021, 17, 2287–2294. 

(15) Suárez-Castillo, O. R.; Meléndez-Rodríguez, M.; Contreras-
Martínez, Y. M. A.; Álvarez-Hernández, A.; Morales-Ríos, M. 
S.; Joseph-Nathan, P. DMD Mediated Formal Synthesis of 
(±)-Coerulescine. Nat. Prod. Commun. 2009, 4, 797–802. 

mailto:yyamaoka@pharm.kyoto-u.ac.jp
mailto:kay-t@pharm.kyoto-u.ac.jp

