
REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

In this manuscript, the authors described a novel strategic expansion for the classic Heck reaction. 

The substrate scope of this reaction was wide, and the products with -carbazole, -TMS and -Bpin 

are of great interest to the potential applications. Significantly, this reaction provided a new 
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intermediate in this cascade C-H activation reaction was quite interesting and showed different 

reactivity compared with the well-reported pyridine and aminoquinoline directed reactions. The 

mechanistic studies and DFT study were impressive and aligned with the proposed pathway. 

This manuscript is well prepared and is suitable to the readership of Nature Communication. 

Therefore, I would like to recommend it for publication in Nature Communication after minor 

revision. 
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carbonyl group come from? 

2. In scheme 9f, what is the product? 

3. Can this cascade reaction happened if replace the 2'-OH-acetophenone with 2-acetylpyridine? 

4. I wonder whether heterocyclic iodide such as 2-Iodofuran and 4-Iodopyridine could work under 

the same conditions. 

5. In the screening conditions section, it's not convenient to review without the corresponding 

table. For example, I cannot find the structure of 4a in the manuscript. So I suggest the author to 

give the screening table in manuscript, rather than in SI. 

6. In scheme 9a, "yield of 5a", should be "yield of 3a". 

Reviewer #2 (Remarks to the Author): 

The manuscript describes a cascade reaction initiated by a Pd-catalyzed migratory insertion, but 

diverted from the normal Heck type reactivity by a strategically placed coordinating group. The 

reaction is interesting, but I found it very hard to read. The presentation is not scholarly. For 

example, on page 3, the authors discuss the formation of the side product 4a, but the structure is 

not shown, you have to dive deep into the SI to find out which structure is meant. There are some 

easy principles to follow here: 

• All structures that are discussed should be depicted, and numbered consecutively in the order 

they are mentioned in the text (there are large gaps in the numbering, there are no structures 5-8 

in the main manuscript). 

• There is no reason to use the label “3a” if there is no “3b” in the manuscript. Lettering is good 

for indicate structures that are variations on a central core, such a labelling scheme could well be 

used in the manuscript to simplify the drawings, but it has not been done here. 

These are things that should have been seen in the editorial office; a manuscript should not be 

sent to referees unless it fulfills basic scholarly presentation requirements. But I will go on and try 

to address the content anyway. 

The reactions themselves are interesting. The first, the multiple C-H activation, builds complexity 

in a single reaction, but the scope is of course limited, all three aryls that are added have to be the 

same. The other two, the tandem silylation or borylation, are synthetically useful in that a handle 

for further functionalization is introduced. 

The authors have done as much mechanistic work as is reasonable at this point, and have come up 

with hypotheses that are mostly plausible. I can think of several possible alternative mechanisms, 

so I wouldn’t say they have proof, but I wouldn’t demand that at this stage. I do have some points 

I’d like the authors to comment on. 



The first aryl insertion creates an apparently symmetrical intermediate, VI’ in Scheme 11, where 

the two aryls seem equivalent. Yet in all the examples, the authors have never shown that the aryl 

that is present in the original substrate can undergo functionalization. In the cases where the two 

aryls are not identical, it seems to be always the newly added aryl that is functionalized. Is this 

really true, or can functionalization of the other aryl be detected? And why is this? If this is really 

true, then it is not possible that VI’ is an intermediate. The aryl must always retain the 

coordination to Pd if it is selectively functionalized. There is some precedent for this in work of the 

Heck reaction from Cacchi about a decade ago, but it is not possible just based on Scheme 11. 

The silylation and borylation only undergo mono-functionalization, whereas the aryl consistently 

undergo polyfunctionalization. What is the reason for this drastic difference? 

Scheme 10 indicates a proto-dearylation giving benzene as a byproduct. Scheme 12 indicates that 

the benzene has been detected by GC-MS. This would be unusual, and if true, should be 

mentioned in the text. In particular, does the amount correspond to the amount of 

dehydrogenated product? If not, I can think of several alternatives here. 

Minor quibbles: 

On page 3, the authors state that they see no Heck-type products, but 4a is clearly the result of a 

Heck reaction, followed by a cyclization, which may have been Pd-catalyzed. 

Structure 48a is a product in Scheme 2, but the structure of it is shown in Scheme 3, confusing. 

The reaction in Scheme 4 is a hydroarylation followed by a silylation. What is the source of the 

added hydrogen? Is this the one that was originally on the C-H activated position of the aryl? 

In summary, the synthetic effort is impressive and the results are useful, but I’d like to see a more 

scholarly presentation before giving a final judgement on this. 
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GSdWSeS` $- 'GS[O`Ya b] bVS :cbV]`(6

<][[S\ba6

A\ bVWa [O\caQ`W^b) bVS OcbV]`a RSaQ`WPSR O \]dSZ ab`ObSUWQ Sf^O\aW]\ T]` bVS QZOaaWQ

@SQY `SOQbW]\+ IVS acPab`ObS aQ]^S ]T bVWa `SOQbW]\ eOa eWRS) O\R bVS ^`]RcQba eWbV *

QO`POh]ZS) *ICH O\R *;^W\ O`S ]T U`SOb W\bS`Sab b] bVS ^]bS\bWOZ O^^ZWQObW]\a+

HWU\WTWQO\bZg) bVWa `SOQbW]\ ^`]dWRSR O \Se ab`ObSUg b] Od]WR t*@ SZW[W\ObW]\ W\ @SQY

`SOQbW]\+ IVS YSg aWf*[S[PS`SR ]f]*^OZZOROQgQZS W\bS`[SRWObS W\ bVWa QOaQORS <*@

OQbWdObW]\ `SOQbW]\ eOa _cWbS W\bS`SabW\U O\R aV]eSR RWTTS`S\b `SOQbWdWbg Q][^O`SR eWbV

bVS eSZZ*`S^]`bSR ^g`WRW\S O\R O[W\]_cW\]ZW\S RW`SQbSR `SOQbW]\a+ IVS [SQVO\WabWQ

abcRWSa O\R =>I abcRg eS`S W[^`SaaWdS O\R OZWU\SR eWbV bVS ^`]^]aSR ^ObVeOg+

IVWa [O\caQ`W^b Wa eSZZ ^`S^O`SR O\R Wa acWbOPZS b] bVS `SORS`aVW^ ]T DObc`S

<][[c\WQObW]\+ IVS`ST]`S) A e]cZR ZWYS b] `SQ][[S\R Wb T]` ^cPZWQObW]\ W\ DObc`S

<][[c\WQObW]\ OTbS` [W\]` `SdWaW]\+

Response: Thanks for  your  positive comments.

H^SQWTWQ <][[S\ba

-+ A\ bVS TW\OZ ^`]RcQb ]T <*@ aWZgZObW]\ ^`]QSaa) eVS`S R]Sa bVS VgR`]US\ Ob bVS s*

^]aWbW]\ ]T QO`P]\gZ U`]c^ Q][S T`][9

Response: Thanks for your comments. Based on our isotopic labeling experiments, we 

found that this added hydrogen probably came from water, rather than DMF or ArI. 

Besides, the 80% deuteration of D2 indicated O `SdS`aWPZS t-H elimination might be 

involved in the catalytic cycle. The following is the corresponding isotopic labeling 

experiments. The results and data have been added in the revised SI. 

:?CAGA 9(&



.+ A\ aQVS[S 5T) eVOb Wa bVS ^`]RcQb9

Response: Thanks for your comments. Products in scheme 9f probably are the result of 

self-coupling of PhI, and intramolecular nucleophilic cyclization of 1. Besides, this 

transformation also afford inseparable complex mixture. 

:?CAGA 9)&



/+ <O\ bVWa QOaQORS `SOQbW]\ VO^^S\SR WT `S^ZOQS bVS .&*E@*OQSb]^VS\]\S eWbV .*

OQSbgZ^g`WRW\S9

Response: Thanks for your advice. We synthesized the corresponding substrate and 

tested the transformations under the standard conditions. However, no desired products 

were detected. 

:?CAGA 9*&

0+ A e]\RS` eVSbVS` VSbS`]QgQZWQ W]RWRS acQV Oa .*A]R]Tc`O\ O\R 0*A]R]^g`WRW\S Q]cZR

e]`Y c\RS` bVS aO[S Q]\RWbW]\a+

Response: IVO\Ya T]` g]c` ORdWQS+ LS QV]]aS .*A]R]bVW]^VS\S) /*A]R]bVW]^VS\S) .*

A]R]^g`WRW\S O\R 0*A]R]^g`WRW\S Oa bVS `S^`SaS\bObWdS VSbS`]QgQZWQ W]RWRS b] bSabSR bVS

`SOQbW]\ aW\QS bVSg O`S `SORWZg OdOWZOPZS+ J\T]`bc\ObSZg) Wb aSS[a bVOb bVWa `SOQbW]\

agabS[ Wa \]b Q][^ObWPZS eWbV VSbS`]QgQZWQ W]RWRS acPab`ObSa) eWbV OZZ ]T bVSaS

b`O\aT]`[ObW]\a TOWZSR+ '[cZbW*O`gZObW]\ eWbV 0*A]R]^g`WRW\S ]` /*A]R]bVW]^VS\S UOdS

[OaaWdS abO`bW\U [ObS`WOZa+ HWZgZObW]\ ]` P]`gZObW]\ eWbV .*A]R]^g`WRW\S) 0*A]R]^g`WRW\S

UOdS [OaaWdS abO`bW\U [ObS`WOZa) eVS`SOa massive inseparable complex mixture was 

observed with .*A]R]bVW]^VS\S+(

1+ A\ bVS aQ`SS\W\U Q]\RWbW]\a aSQbW]\) Wb&a \]b Q]\dS\WS\b b] `SdWSe eWbV]cb bVS

Q]``Sa^]\RW\U bOPZS+ >]` SfO[^ZS) A QO\\]b TW\R bVS ab`cQbc`S ]T 0O W\ bVS [O\caQ`W^b+

H] A acUUSab bVS OcbV]` b] UWdS bVS aQ`SS\W\U bOPZS W\ [O\caQ`W^b) `ObVS` bVO\ W\ HA+

Response: We are really a]``g T]` ]c` W\O^^`]^`WObS ^`SaS\bObW]\ ]T bVWa aSQbW]\+ After 

careful consideration, we move the discussion of reaction condition screening from 

main article to SI, to simplify the main article. 

2+ A\ aQVS[S 5O) #gWSZR ]T 1O#) aV]cZR PS #gWSZR ]T /O#+

Response: H]``g T]` bVWa [WabOYS) eS VOdS Q]``SQbSR bVWa S``]` W\ [O\caQ`W^b+



GSdWSeS` $. 'GS[O`Ya b] bVS :cbV]`(6

IVS [O\caQ`W^b RSaQ`WPSa O QOaQORS `SOQbW]\ W\WbWObSR Pg O FR*QObOZghSR [WU`Ob]`g

W\aS`bW]\) Pcb RWdS`bSR T`][ bVS \]`[OZ @SQY bg^S `SOQbWdWbg Pg O ab`ObSUWQOZZg ^ZOQSR

Q]]`RW\ObW\U U`]c^+ IVS `SOQbW]\ Wa W\bS`SabW\U) Pcb A T]c\R Wb dS`g VO`R b] `SOR+ IVS

^`SaS\bObW]\ Wa \]b aQV]ZO`Zg+ >]` SfO[^ZS) ]\ ^OUS /) bVS OcbV]`a RWaQcaa bVS T]`[ObW]\

]T bVS aWRS ^`]RcQb 0O) Pcb bVS ab`cQbc`S Wa \]b aV]e\) g]c VOdS b] RWdS RSS^ W\b] bVS HA

b] TW\R ]cb eVWQV ab`cQbc`S Wa [SO\b+

Response: Thanks for your comments. We are really sorry for our inappropriate 

presentation of the manuscript. Now we have tried our best to revise the presentation in 

a more scholarly manner. After careful consideration, we move the discussion of 

reaction condition screening from main article to SI, to simplify the main article. 

Besides, we invited Prof. Lyle Isaacs (University of Maryland) to polish our language 

in the paper, to further improve the quality of manuscript. 

IVS`S O`S a][S SOag ^`W\QW^ZSa b] T]ZZ]e VS`S6

i:ZZ ab`cQbc`Sa bVOb O`S RWaQcaaSR aV]cZR PS RS^WQbSR) O\R \c[PS`SR Q]\aSQcbWdSZg W\

bVS ]`RS` bVSg O`S [S\bW]\SR W\ bVS bSfb 'bVS`S O`S ZO`US UO^a W\ bVS \c[PS`W\U) bVS`S

O`S \] ab`cQbc`Sa 1*4 W\ bVS [OW\ [O\caQ`W^b(+

iIVS`S Wa \] `SOa]\ b] caS bVS ZOPSZ k/Ol WT bVS`S Wa \] k/Pl W\ bVS [O\caQ`W^b+ BSbbS`W\U

Wa U]]R T]` W\RWQObS ab`cQbc`Sa bVOb O`S dO`WObW]\a ]\ O QS\b`OZ Q]`S) acQV O ZOPSZZW\U

aQVS[S Q]cZR eSZZ PS caSR W\ bVS [O\caQ`W^b b] aW[^ZWTg bVS R`OeW\Ua) Pcb Wb VOa \]b

PSS\ R]\S VS`S+

IVSaS O`S bVW\Ua bVOb aV]cZR VOdS PSS\ aSS\ W\ bVS SRWb]`WOZ ]TTWQS7 O [O\caQ`W^b aV]cZR

\]b PS aS\b b] `STS`SSa c\ZSaa Wb TcZTWZZa POaWQ aQV]ZO`Zg ^`SaS\bObW]\ `S_cW`S[S\ba+ ;cb A

eWZZ U] ]\ O\R b`g b] ORR`Saa bVS Q]\bS\b O\geOg+

Response: Thank you very much for your earnest and careful advice! We apologize for 

our scholarly presentation errors. After careful consideration, we hope to use Arabic 

numerals to label all of the structures, because some variations on a central core are 

more than 26. Now the numbering of structures have been revised. 

IVS `SOQbW]\a bVS[aSZdSa O`S W\bS`SabW\U+ IVS TW`ab) bVS [cZbW^ZS <*@ OQbWdObW]\) PcWZRa

Q][^ZSfWbg W\ O aW\UZS `SOQbW]\) Pcb bVS aQ]^S Wa ]T Q]c`aS ZW[WbSR) OZZ bV`SS O`gZa bVOb

O`S ORRSR VOdS b] PS bVS aO[S+ IVS ]bVS` be]) bVS bO\RS[ aWZgZObW]\ ]` P]`gZObW]\) O`S

ag\bVSbWQOZZg caSTcZ W\ bVOb O VO\RZS T]` Tc`bVS` Tc\QbW]\OZWhObW]\ Wa W\b`]RcQSR+

Response: Thanks for your positive comments. 

IVS OcbV]`a VOdS R]\S Oa [cQV [SQVO\WabWQ e]`Y Oa Wa `SOa]\OPZS Ob bVWa ^]W\b) O\R

VOdS Q][S c^ eWbV Vg^]bVSaSa bVOb O`S []abZg ^ZOcaWPZS+ A QO\ bVW\Y ]T aSdS`OZ ^]aaWPZS

OZbS`\ObWdS [SQVO\Wa[a) a] A e]cZR\mb aOg bVSg VOdS ^`]]T) Pcb A e]cZR\mb RS[O\R bVOb

Ob bVWa abOUS+ A R] VOdS a][S ^]W\ba AmR ZWYS bVS OcbV]`a b] Q][[S\b ]\+



Response: Thanks for your comments. LS O`S U`OQSTcZ T]` bVS `SdSWeS`ma acUUSabW]\

of making our manuscript more acceptable. 

IVS TW`ab O`gZ W\aS`bW]\ Q`SObSa O\ O^^O`S\bZg ag[[Sb`WQOZ W\bS`[SRWObS) KAm W\ HQVS[S

--) eVS`S bVS be] O`gZa aSS[ S_cWdOZS\b+ NSb W\ OZZ bVS SfO[^ZSa) bVS OcbV]`a VOdS \SdS`

aV]e\ bVOb bVS O`gZ bVOb Wa ^`SaS\b W\ bVS ]`WUW\OZ acPab`ObS QO\ c\RS`U] Tc\QbW]\OZWhObW]\+

A\ bVS QOaSa eVS`S bVS be] O`gZa O`S \]b WRS\bWQOZ) Wb aSS[a b] PS OZeOga bVS \SeZg ORRSR

O`gZ bVOb Wa Tc\QbW]\OZWhSR+ Aa bVWa `SOZZg b`cS) ]` QO\ Tc\QbW]\OZWhObW]\ ]T bVS ]bVS` O`gZ

PS RSbSQbSR9 :\R eVg Wa bVWa9 AT bVWa Wa `SOZZg b`cS) bVS\ Wb Wa \]b ^]aaWPZS bVOb KAm Wa O\

W\bS`[SRWObS+ IVS O`gZ [cab OZeOga `SbOW\ bVS Q]]`RW\ObW]\ b] FR WT Wb Wa aSZSQbWdSZg

Tc\QbW]\OZWhSR+ IVS`S Wa a][S ^`SQSRS\b T]` bVWa W\ e]`Y ]T bVS @SQY `SOQbW]\ T`][

<OQQVW OP]cb O RSQORS OU]) Pcb Wb Wa \]b ^]aaWPZS Xcab POaSR ]\ HQVS[S --+

Response: Thanks for your comments! Actually, this notable selectivity is ture. Almost 

all of the transformations in Scheme 2-6 afforded single compound with high yields, 

and the corresponding experiments of column chromatography and NMR spectrum 

were running smoothly, no any suspected isomer was observed, as per TLC. Besides, 

the exact structure of some compounds were verified by X-ray (44, 50, 82, 105). 

Therefore, based on these experimental facts, this reaction has its inherent selectivity 

for the two aryls.  

But theoretically, functionalization on the original aryl is quite possibile. Thus we 

used GC-MS to detect the possible isomer. We take the silylation as the example 

because of the relatively low boil point of the corresponding compounds. As shown in 

Scheme R4, when we increased the reaction temperature to 150 oC, we detected a 

possible trace-amount of isomer /)R (note: this compound can not be seen on TLC, thus 

we could not separate and verify its exact structure), the ratio was 82 : /)R= 97 : 3. 

However, in the standard conditions (70 oC, Scheme R5), the ratio was 82 : /)R= 99.1 : 

0.9 (the exact structure of 82 was verified by X-ray). This experiment indicates that 

higher temperature may promote the C-H functionalization on original aryl. However, 

this process is extremely unfavorable compared with the formation of main product.  

Possible structure 
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Possible structure 

Possible structure 
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To further explain this selectivity, two competing pathways have been investigated 

by DFT calculations (Scheme R6). We found that when complex <R is formed, one 

phenyl group coming from iodobenzene coordinates onto Pd leading to the 

discrimination of another one. After a ligand exchange with acetate, a more stable 

complex <4R can be formed, where the coordination of phenyl group is remained. We 

found that the dissociation of phenyl group by ligand exchange with another oxygen 

atom in coordinated acetate need to bear a free energy barrier of 19.1 kcal mol -1 via 

transition state TS<4R-<44R? (Path A). As a contrast, the activation free energy for the 

alternative proton abstraction via a six-membered transition state (TS<4R-<44R=) to afford 

complex <44R= is only 15.4 kcal mol-1 (path B). Therefore, the exchange of two phenyl 

groups cannot be achieved. We have revised this part in new version of draft and 

highlighted it. 

Finally, according to your advice, the structure <4R and the corresponding energy in 

the main article, as well as the corresponding data of DFT calculation in SI, have been 

revised. Furthermore, we added some discussions about this notable selectivity in the 

main article (in the discussion of Scheme 11). 

Possible structure 

Possible structure 
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IVS aWZgZObW]\ O\R P]`gZObW]\ ]\Zg c\RS`U] []\]*Tc\QbW]\OZWhObW]\) eVS`SOa bVS O`gZ

Q]\aWabS\bZg c\RS`U] ^]ZgTc\QbW]\OZWhObW]\+ LVOb Wa bVS `SOa]\ T]` bVWa R`OabWQ

RWTTS`S\QS9

Response: Thanks for your comments. Now we have different understanding of the 

silylation and borylation process by following your valuable advice (The reaction in 

Scheme 4 is a hydroarylation followed by a silylation. What is the source of the added 

hydrogen? Is this the one that was originally on the C-H activated position of the aryl?). 

:?CAGA 9.&

Take the silylation process as an example, after our isotopic labeling experiments 

(Scheme R7), we found that the added hydrogen was probably come from water, rather 

than DMF or ArI. Besides, the 80% deuteration of D2 W\RWQObS O `SdS`aWPZS t-H 

elimination might be involved in the catalytic cycle. Based on these findings, we came 



up with a new mechanism of the silylation process (Scheme R8). If the silylation 

process undergoes a di-functionalization (path B), then a TMS anion species would be 

formed, which is unstable and make this process unfavorable (Scheme R9). Therefore, 

we considered that the non-reacted part of TMS should be combined with Pd(II) untill 

the reductive elimination of Pd(II), to afford TMSX (X=anion) and Pd(0). Based on this 

understanding, we proposed that intermediate G undergoes a consecutive protonation 

to give TMS-Pd(II)-X and final mono-silylation product, and this pathway would be a 

kinetically favored process.  

:?CAGA 9/& 8ILLD>FA 5A?C=HDLG IB :DFQF=MDIH

:?CAGA 90&

On the other hand, as for poly-functionalization of aryl, after the first o-position 

functionalization completed, the t-H elimination or protodepalladation process is still 

unfavorable for both thermodynamic and kinetic aspects (Scheme R10). Comparatively, 

due to the good leaving ability of iodine anion, the corresponding intermediate would 

undergoes the second, a very fast another o-position functionalization, which is a 

kinetically favorable step. Therefore, we considered that the drving force of this 

domino-type process is very strong.  

The added isotopic labeling experiments, corresponding 1H NMR data and new 

mechanism of silylation (Page S13-S15 in SI) have been added to the revised SI.



:?CAGA 9('&

HQVS[S -, W\RWQObSa O ^`]b]*RSO`gZObW]\ UWdW\U PS\hS\S Oa O Pg^`]RcQb+ HQVS[S -.

W\RWQObSa bVOb bVS PS\hS\S VOa PSS\ RSbSQbSR Pg ?<*CH+ IVWa e]cZR PS c\cacOZ) O\R WT

b`cS) aV]cZR PS [S\bW]\SR W\ bVS bSfb+ A\ ^O`bWQcZO`) R]Sa bVS O[]c\b Q]``Sa^]\R b] bVS

O[]c\b ]T RSVgR`]US\ObSR ^`]RcQb9 AT \]b) A QO\ bVW\Y ]T aSdS`OZ OZbS`\ObWdSa VS`S+

Response: Thank you for your comments. There are indeed some gaps of the exact 

mechanism in dehydrogenation process. Because (1) we could still observed the 

dehydrogenation product in middle yield without the addition of PhI; (2) we could not 

detect the corresponding amount of benzene by GC-MS. Despite this, according to the 

fact that no hydrogen gas was detected during the reaction (SI, Page 7), then the 

possibility of a oxidative addition process from -O-H to Pd(0) could be excluded. So 

we considered that the dehydrogenation process was initiated by Pd(II) rather than 

Pd(0). Therefore, the key issue is to find the real oxidant that oxidize Pd(0) to Pd(II). 

In this regard, we think it is reasonable to take the excess PhI as the potential oxidant. 

The reasons are: (1) In scheme 9e, the yield of dehydrogenation product obviously 

reduced when we removed the PhI. (2) we do have detected a certain amount of benzene 

that possibly is a reduction product of PhI.  

Actually, PhI is not likely the only oxidant in this process. An exact and complete 

mechanistic process maybe more complicated than that we considered. But we believe 

that it is reasonable to consider the excess PhI as a potential oxidant. Finally, according 

to your advice, we have added some discussions in the main article (reference [22] ) 

about the detection of benzene by GC-MS, as well as the existence of possibility for 

other plausible oxidative pathways. 

CW\]` _cWPPZSa6

E\ ^OUS /) bVS OcbV]`a abObS bVOb bVSg aSS \] @SQY*bg^S ^`]RcQba) Pcb 0O Wa QZSO`Zg bVS

`SacZb ]T O @SQY `SOQbW]\) T]ZZ]eSR Pg O QgQZWhObW]\) eVWQV [Og VOdS PSS\ FR*QObOZghSR+

Response: Thank you for pointing out our mistake! Now the expression k@SQY-type 

by-^`]RcQbal VOa PSS\ QVO\USR b] kaW[^ZS t-H elimination ^`]RcQbl (In SI j Table S1 

now). 

Hb`cQbc`S 04O Wa O ^`]RcQb W\ HQVS[S .) Pcb bVS ab`cQbc`S ]T Wb Wa aV]e\ W\ HQVS[S /)

Q]\TcaW\U+



Response: Thank you for pointing out our mistake! Now the crystal structure of 48a 

(44 now) has been moved to Scheme 2. 

IVS `SOQbW]\ W\ HQVS[S 0 Wa O VgR`]O`gZObW]\ T]ZZ]eSR Pg O aWZgZObW]\+ LVOb Wa bVS

a]c`QS ]T bVS ORRSR VgR`]US\9 Aa bVWa bVS ]\S bVOb eOa ]`WUW\OZZg ]\ bVS <*@ OQbWdObSR

^]aWbW]\ ]T bVS O`gZ9

Response: Thank you for your valuable advice! As we discussed above, the added 

hydrogen was probably come from water, rather than DMF or aryl. 

A\ ac[[O`g) bVS ag\bVSbWQ STT]`b Wa W[^`SaaWdS O\R bVS `SacZba O`S caSTcZ) Pcb AmR ZWYS b]

aSS O []`S aQV]ZO`Zg ^`SaS\bObW]\ PST]`S UWdW\U O TW\OZ XcRUS[S\b ]\ bVWa+

Response: Thank you very much for your cunstructive advice! Now we have revised 

the manuscript to make our presentation in a more scholarly manner. We are graceful 

for your suggestion of making our manuscript more acceptable.



REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors have made an improvement for both science and scholarly presentation in the revised 

manuscript. The questions raised by referees were well resolved and properly represented in either 

revised manuscript or supporting information. This referee supports the acceptance of this 

manuscript in its current version. 

Reviewer #2 (Remarks to the Author): 

The manuscript has been substantially improved, and my requests addressed. The wide scope and 

the huge amount of experimental work underlying this study is now much more apparent, and the 

mechanistic arguments more compelling. I am in favor of publication, but have a few minor 

arguments that I would like the authors to consider. 

Page 4, in the range of protected hydroxy groups, the N2BF4 group sticks out. It is not a protected 

phenol, but might conceivably react with water to produce a hydroxy group in situ. Is this what the 

authors are proposing? 

Page 5 and Scheme 4, when describing the initial reaction leading to 69, there is no explanation at 

this point where the hydrogen is coming from. By looking at the mechanism, I would assume that 

the initial product is a silyl enol ether (formed using the second TMS group in the reagent), which 

is then hydrolyzed to the final product during aqueous workup. The alternative is that there is an 

undisclosed proton source (maybe a small amount of water) present in the reaction mixture. Could 

the authors comment on this? 

Page 10, the “final dehydrogenation” is in principle a Saegusa-Ito oxidation, with iodobenzene as a 

slightly unusual stoichiometric oxidant. The reaction has an established mechanism, very much in 

line with the computational study by the authors. I believe a mention and a reference would be in 

order. The authors have located one path to the products, which may be sufficient, but my 

personal opinion is that in a complex reaction mixture like this, there are many other possibilities, 

I’m not convinced the exact path is what the authors have proposed. One specific problem is that 

there is an unrecognized Curtin-Hammett situation in VIII-IX-X. Compared to TS(IX-X), the 

equilibration between VIII and IX is fast, so the barrier must be computed from the lower of them. 

This is a fundamental misunderstanding which must be corrected; the barrier must always be 

computed from the lowest preceding point. Thus, the barrier is really 33.3 kcal/mol, which is too 

high to be believable. I am sure there is a lower energy path from VIII to the final products, 

possibly involving reprotonation using the acetic acid formed together with VII. 

Per-Ola Norrby 
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EO_SO`O[ $. &EOVK[T\ ]X ]RO 8^]RX['5

GRO VKW^\M[SY] RK\ LOOW \^L\]KW]SKUUb SVY[X_ON( KWN Vb [OZ^O\]\ KNN[O\\ON* GRO `SNO

\MXYO KWN ]RO R^QO KVX^W] XP OaYO[SVOW]KU `X[T ^WNO[UbSWQ ]RS\ \]^Nb S\ WX` V^MR

VX[O KYYK[OW]( KWN ]RO VOMRKWS\]SM K[Q^VOW]\ VX[O MXVYOUUSWQ* ? KV SW PK_X[ XP

Y^LUSMK]SXW( L^] RK_O K PO` VSWX[ K[Q^VOW]\ ]RK] ? `X^UN USTO ]RO K^]RX[\ ]X MXW\SNO[*

Response: Thanks again for your positive comments for our work, and we will try our 

best to refine the manuscript by following your professional advice. 

DKQO 0( SW ]RO [KWQO XP Y[X]OM]ON RbN[Xab Q[X^Y\( ]RO B.9<0 Q[X^Y \]SMT\ X^]* ?] S\ WX]

K Y[X]OM]ON YROWXU( L^] VSQR] MXWMOS_KLUb [OKM] `S]R `K]O[ ]X Y[XN^MO K RbN[Xab Q[X^Y

SW \S]^* ?\ ]RS\ `RK] ]RO K^]RX[\ K[O Y[XYX\SWQ7

Response: Thanks for your careful advice! Now we have removed this non-rigorous 

expression in the main article. 

DKQO 1 KWN FMROVO 0( `ROW NO\M[SLSWQ ]RO SWS]SKU [OKM]SXW UOKNSWQ ]X 24( ]RO[O S\ WX

OaYUKWK]SXW K] ]RS\ YXSW] `RO[O ]RO RbN[XQOW S\ MXVSWQ P[XV* 9b UXXTSWQ K] ]RO

VOMRKWS\V( ? `X^UN K\\^VO ]RK] ]RO SWS]SKU Y[XN^M] S\ K \SUbU OWXU O]RO[ &PX[VON ^\SWQ

]RO \OMXWN GAF Q[X^Y SW ]RO [OKQOW]'( `RSMR S\ ]ROW RbN[XUbcON ]X ]RO PSWKU Y[XN^M]

N^[SWQ KZ^OX^\ `X[T^Y* GRO KU]O[WK]S_O S\ ]RK] ]RO[O S\ KW ^WNS\MUX\ON Y[X]XW \X^[MO

&VKbLO K \VKUU KVX^W] XP `K]O[' Y[O\OW] SW ]RO [OKM]SXW VSa]^[O* :X^UN ]RO K^]RX[\

MXVVOW] XW ]RS\7

Response: Thanks for your comments. Actually, based on our understanding of this 

reaction, we considered that there were several possible pathways that existed 

simultaneously of the completed process from H to 69 (Scheme R1). Therefore, 

according to your advice, we selected two representative possible pathways to 

investigate (Scheme R2). One is hydrolysis via 1,3-palladium shift, and silyl enol ether 

intermediate (Path A, FMROVO E.)K). The other is direct protodepalladation to afford 69

and Pd(II) species (Path B, FMROVO E.)L).  

IO YO[PX[VON ]RO [OKM]SXW SW %&');A< `S]R >.C
-3 &2OZ'( KWN ]RO YX\\SLUO C-3)

UKLOUON Y[XN^M] &KYY[Xa* .0%' `K\ NO]OM]ON( K\ YO[ AF &FMROVO E/'* This result 

indicated that both pathway A and B may be exist, and in particular, we could not 

detected the silyl enol ether intermediate (Scheme-R2-a, Int. H-b) by lowering the 

temperaure or shortening time, as per TLC and GC-MS, which suggested that the 

hydrolysis of Int. H-b, may happened during the reaction. Therefore, at this stage, we 

speculate that the direct protonation (Path B) to afford the final product is more 

favorable. Besides, water (in the reaction system) is most likely the origination of the 

added hydrogen for the protonation, based on our previous mechanistic reasearch 

(Scheme R4). 



Finally, according to your advice, we added some comments in the main article, 

about the origination of the added hydrogen in silylation. 

9>A@C@ 8'

9>A@C@ 8(%<
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DKQO -,( ]RO dPSWKU NORbN[XQOWK]SXWe S\ SW Y[SWMSYUO K FKOQ^\K)?]X XaSNK]SXW( `S]R

SXNXLOWcOWO K\ K \USQR]Ub ^W^\^KU \]XSMRSXVO][SM XaSNKW]* GRO [OKM]SXW RK\ KW

O\]KLUS\RON VOMRKWS\V( _O[b V^MR SW USWO `S]R ]RO MXVY^]K]SXWKU \]^Nb Lb ]RO K^]RX[\*

? LOUSO_O K VOW]SXW KWN K [OPO[OWMO `X^UN LO SW X[NO[* GRO K^]RX[\ RK_O UXMK]ON XWO

YK]R ]X ]RO Y[XN^M]\( `RSMR VKb LO \^PPSMSOW]( L^] Vb YO[\XWKU XYSWSXW S\ ]RK] SW K

MXVYUOa [OKM]SXW VSa]^[O USTO ]RS\( ]RO[O K[O VKWb X]RO[ YX\\SLSUS]SO\( ?fV WX] MXW_SWMON

]RO OaKM] YK]R S\ `RK] ]RO K^]RX[\ RK_O Y[XYX\ON* CWO \YOMSPSM Y[XLUOV S\ ]RK] ]RO[O S\

KW ^W[OMXQWScON :^[]SW)>KVVO]] \S]^K]SXW SW H???)?J)J* :XVYK[ON ]X GF&?J)J'( ]RO

OZ^SUSL[K]SXW LO]`OOW H??? KWN ?J S\ PK\]( \X ]RO LK[[SO[ V^\] LO MXVY^]ON P[XV ]RO

UX`O[ XP ]ROV* GRS\ S\ K P^WNKVOW]KU VS\^WNO[\]KWNSWQ `RSMR V^\] LO MX[[OM]ON6 ]RO

LK[[SO[ V^\] KU`Kb\ LO MXVY^]ON P[XV ]RO UX`O\] Y[OMONSWQ YXSW]* GR^\( ]RO LK[[SO[ S\

[OKUUb //*/ TMKU+VXU( `RSMR S\ ]XX RSQR ]X LO LOUSO_KLUO* ? KV \^[O ]RO[O S\ K UX`O[ OWO[Qb

YK]R P[XV H??? ]X ]RO PSWKU Y[XN^M]\( YX\\SLUb SW_XU_SWQ [OY[X]XWK]SXW ^\SWQ ]RO KMO]SM

KMSN PX[VON ]XQO]RO[ `S]R H??*

Response: Thanks so much for this comment. We also mentioned this unusual 

activation free energy for this step. According to the useful comment, we have done 

some additional calculation. We found that the protonation of Pd-phenolate complex

could be realized by using an extra acetic acid. DFT calculation found that the activation 

barrier is reduced to 15.2 kcal mol -1 following this idea. Therefore, we revised the first 

paragraph of Page 11 as: dGROW K \bW-m-H elimination affords a Pd(II)-hydride complex 

IX. Interestingly, the direct O-H reductive elimination need to bear a free energy barrier 

of 28.3 kcal mol -1. Alternatively, anionic complex IX can form a hydrogen bond with 

acetic acid to form complex X reversibly. Sequentially, a proton transfer takes place via 

transition state TSX-I I. The calculated free energy barrier for this step is only 15.2 kcal 

mol-1. After ligand exchange, product 4 could be yielded with the regeneration of 

catalytically active complex I I *e (Scheme R5).  

9>A@C@ 8+

Finally, according to your advice, we added some comments and corresponding 

references about the Saegusa-Ito oxidation SW ]RO YK[] XP dPSWKU NORbN[XQOWK]SXWe. 



REVIEWERS' COMMENTS 

Reviewer #2 (Remarks to the Author): 

The authors have addressed all my comments. I believe the manuscript is now suitable for 

publication. 

/Per-Ola Norrby



  Response to Manuscr ipt ID: NCOMMS-20-19268-B 

Reviewer #2 (Remarks to the Author): 

The authors have addressed all my comments. I believe the manuscript is now suitable 

for publication.  

Response: Thanks again for your professional advice to our work. 


