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S . Be h ark Cal ulatio s 

  To assess the pe fo a e of diffe e t de sit  fu tio als B LYP,[ ] B LYP-D BJ ,[ , ] M - X,[ ] 
PBE -D BJ ,[ , ] a d ωB XD[ ]  o  [ + ] loadditio s, e pe fo ed e h a k al ulatio s  
pe fo i g si gle-poi t e e g  al ulatio s ith the -pVT) asis set[ ] o  the opti ized 
geo et ies o puted at the B LYP[ ]/def -SVP[ ] le el Figure S  a d Ta le S . Results f o  
CCSD T [ ]/ -pVT)[ ] al ulatio s the f oze  o e app o i atio  as applied  e e utilized as the 
efe e e. 

 

 

Figure S . Be h a k al ulatio s. 

 

  B LYP pe fo s adl  ith a ea  a solute de iatio  MAD  of .  k al/ ol. B LYP-D BJ  a d 
M - X pe fo  u h ette , ith MADs of .  a d .  k al/ ol, espe ti el . Though PBE -D BJ  
pe fo s ell o  i t a ole ula  [ + ] loadditio s, it pe fo s adl  o  di e izatio s. A o g 
all the tested fu tio als, ωB XD pe fo s est MAD = .  k al/ ol . Co se ue tl , ωB XD 

as hose  fo  si gle-poi t e e g  efi e e ts.  
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Ta le S . A solute de iatio  f o  CCSD T  al ulatio s.[a] 

Functional B3LYP B3LYP-D3(BJ) M06-2X PBE0-D3(BJ) ωB97XD 

TS25 7.1 2.9 5.2 2.2 4.6 

TS26 7.1 2.7 3.6 3.3 3.6 

P12 12.0 8.7 3.4 2.0 0.2 

BP12 14.1 10.0 3.5 1.1 1.7 

TS-D17 2.4 1.5 1.3 5.6 0.7 

D17 9.5 6.0 3.2 3.3 0.4 

TS-D18 4.7 0.6 1.6 4.5 1.1 

D18 12.0 6.9 4.2 2.1 0.8 

MAD 8.6 4.9 3.2 3.0 1.6 

[a] Repo ted i  k al/ ol. MAD, ea  a solute de iatio . 

 

S . Natural Populatio  A alysis 

  To i estigate the ha ge dist i utio , e a ied out atu al populatio  a al sis o  , TS , a d 
TS  Figure S .[ ] I  TS , the i te al a o  e o es less egati el  ha ged : − .  e s. TS : 
− .  e . Si ila l , i  TS , the e te al a o  e o es less egati el  ha ged : − .  e s. TS : 
− .  e . 

 

 

Figure S . Natu al ato i  ha ges i  e . Co puted at the B LYP/def -SVP le el. 

 

S . Dis ussio  o  Diradi al Step ise Me ha is  

  Besides the o e ted e ha is , e ha e also o side ed the di adi al step ise e ha is . 
Fo  o ge -tethe ed su st ate , the a ti atio  f ee e e g  of the o al [ + ] loadditio  ia 
di adi al e ha is  is .  k al/ ol Figure S a , hi h is highe  tha  that of the o e ted 

e ha is  Figure   .  k al/ ol. Fo  the oss-[ + ] loadditio , the di adi al e ha is  
is also disfa o ed  .  k al/ ol . Si ila l , the a ti atio  f ee e e gies of oth o al a d 

oss-[ + ] loadditio s of a o -tethe ed su st ate  a e u h lo e  tha  those of the 
di adi al e ha is  Figure S . We e isio  that the sa e o lusio  a  hold fo  the othe  
su st ates.  
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Figure S . DFT- o puted f ee e e g  su fa es of i t a ole ula  [ + ] loadditio s ia si glet 
di adi al e ha is . 

 

S . C NMR A alysis o  the Crude Produ t 

  Ge eral I for atio . The ea tio s e e a ied out i  o e -d ied glass a e u de  N  
at osphe e. All he i als e e used as e ei ed ithout fu the  pu ifi atio . The C{ H} u lea  

ag eti  eso a e NMR  spe t u  as easu ed o  a B uke  AVANCE III  NMR spe t o ete . 

  Follo i g S ide 's p o edu e,[ ] a id S   g, .  ol, .  e ui  as dissol ed i  
e ze e  L . O al l hlo ide .  L  as added, a d the solutio  as heated at eflu  fo  .  

h. The solutio  as ooled a d o e t ated  ota  e apo atio . The esidue as take  up i  
e ze e  L  a d o e t ated  ota  e apo atio . This p o ess as epeated t i e to 
e o e all of the e ess o al l hlo ide. The esulti g a l hlo ide as take  up i  e ze e  L  

a d added to a solutio  of NEt  .  L, .  ol, .  e ui  i  e ze e  L  at eflu . The 
solutio  as eflu ed fo  a  additio al  h, ooled, ue hed ith se i-satu ated a ueous NH Cl 
solutio   L , a d e t a ted ith Et O  L × . The o i ed o ga i  phases e e ashed 

ith i e  L , d ied o e  Na SO , filte ed, a d o e t ated  ota  e apo atio  at  °C. C 
NMR a al sis o  the ude p odu t i di ated that the e a e t o a o l peaks. The peak at .  
pp  is assig ed to the a o l a o  of the o al [ + ] loaddu t P , he eas the peak at 

.  pp  a ot e assig ed to the a o l a o s of the di e ized p odu t D . 

 

 

S he e S . Rea tio  of su st ate . 
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Figure S . C{ H} NMR spe t u  of the ude p odu t. 

 

S . Dis ussio  o  Kete e Di erizatio  

  As sho  i  Figure S a, the i te ole ula  [ + ] loadditio  of o ge -tethe ed su st ate  
possesses a  a ti atio  f ee e e g  of .  k al/ ol, hi h is .  k al/ ol lo e  tha  the 
i t a ole ula  o al [ + ] loadditio  Figure . Ho e e , o side i g that the ea tio  
solutio  is dilute .  M , the kete e di e izatio  should e disfa o ed o e  the i t a ole ula  
[ + ] loadditio . Fo  a o -tethe ed su st ate , the kete e di e izatio  e ui es a  
a ti atio  f ee e e g  of .  k al/ ol Figure S , hi h is fa o ed o e  the i t a ole ula  

o al [ + ] loadditio  S he e   .  k al/ ol. As a esult, the ield of the o al [ + ] 
loaddu t as o l  %.[ ] 

 

 

Figure S . DFT- o puted f ee e e g  su fa es of the di e izatio  of su st ates  a d . 
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S . Dis ussio  o  I ter o ersio  et ee  Nor al a d Cross-[ + ] Cy loaddu ts 

  Besides TS  a d TS , e ha e also lo ated a  u e pe ted [ , ]-a l shift t a sitio  state TS-i t, 
hi h o e ts o al [ + ] loaddu t P  ith oss-[ + ] loaddu t BP  Figure S . 

Ho e e , due to the high a ti atio  Gi s e e g , su h a  i te o e sio  a  ot o u  at o al 
ea tio  te pe atu es. The efo e, the p ese e of TS-i t ould ot i flue e ou  egio he ist  

p edi tio  odel. We suggest that the sa e o lusio s a  hold fo  the othe  su st ates. 

 

 

Figure S . F ee e e g  su fa e of the i te o e sio  et ee  P  a d BP . Bo d le gths a e 
epo ted i  Å. 

 

S . Geo etries of TS  a d TS  

 

Figure S . Geo et ies of TS  a d TS . Colo  s he e: H, hite; C, g a ; O, ed; Cl, g ee . Bo d 
le gths a e epo ted i  Å. 
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S . Co puted E ergies of the Statio ary Poi ts 

Ta le S . Si gle-poi t e e gies SPEs , the al o e tio s to e thalpies TCHs , a d the al 
o e tio s to Gi s e e gies TCGs .[a] 

 SPE(DZ)[b] SPE(TZ)[c] TCH[b] TCG[b] 

1 −383.528277 −383.840823 0.136981 0.091468 

TS1 −383.496446 −383.812260 0.135937 0.097217 

TS2 −383.488577 −383.807311 0.135994 0.097118 

TS-int −383.492606 −383.814793 0.136286 0.097806 

P1 −383.569787 −383.896321 0.139150 0.100449 

BP1 −383.556216 −383.881607 0.139708 0.101927 

TS-R1 −383.479585 −383.790870 0.134588 0.094617 

TS-R2 −383.469887 −383.779338 0.133530 0.092351 

R1 −383.503230 −383.819033 0.136478 0.095823 

R1' −383.506811 −383.823652 0.136019 0.095693 

TS-D1 −767.039360 −767.667196 0.275188 0.204157 

D1 −767.109325 −767.747702 0.277894 0.208306 

2 −422.817587 −423.162914 0.166281 0.116944 

TS3 −422.791692 −423.138966 0.165089 0.122511 

TS4 −422.784440 −423.136652 0.165378 0.123927 

P2 −422.857362 −423.216773 0.167959 0.126068 

BP2 −422.847470 −423.204780 0.168711 0.127581 

3 −462.107152 −462.484197 0.195694 0.142778 

TS5 −462.067218 −462.448659 0.194975 0.150146 

TS6 −462.079652 −462.459054 0.194376 0.149762 

P3 −462.143438 −462.536072 0.197925 0.152980 

BP3 −462.131716 −462.522471 0.197948 0.154366 

4 −422.819276 −423.163665 0.166390 0.117112 

TS7 −422.787307 −423.135098 0.165698 0.122353 

TS8 −422.790782 −423.135688 0.165277 0.123093 

P4 −422.857114 −423.215490 0.168578 0.125894 

BP4 −422.846371 −423.203632 0.168914 0.127991 

5 −460.878051 −461.246975 0.172520 0.121029 

TS9 −460.839123 −461.213060 0.171588 0.126534 

TS10 −460.847119 −461.215132 0.171438 0.126370 

TS11 −460.848269 −461.216043 0.171802 0.127652 

TS12 −460.855665 −461.222226 0.172793 0.130914 

P5 −460.907229 −461.291649 0.174385 0.129052 

BP5 −460.897030 −461.280182 0.174746 0.131309 

CP −460.917164 −461.292904 0.176340 0.134750 

6 −539.476067 −539.916106 0.234016 0.180267 

TS13 −539.446449 −539.888651 0.232973 0.186947 

TS14 −539.443398 −539.886360 0.232978 0.186722 

P6 −539.503575 −539.957174 0.236001 0.188922 

BP6 −539.504796 −539.957669 0.236346 0.191129 

7 −347.681797 −347.962084 0.161234 0.115417 

TS15 −347.635954 −347.919742 0.160241 0.121046 

TS16 −347.626965 −347.912264 0.160302 0.121494 
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P7 −347.711084 −348.002808 0.163029 0.123881 

BP7 −347.703438 −347.994630 0.126182 0.126182 

TS-R15 −347.614463 −347.893697 0.158270 0.118219 

TS-R16 −347.611264 −347.888588 0.157593 0.116462 

R7 −347.631104 −347.915002 0.159725 0.119042 

R7' −347.631555 −347.915133 0.159113 0.117968 

TS-D7 −695.331821 −695.899783 0.323739 0.253318 

D7 −695.402136 −695.973423 0.326723 0.257493 

8 −386.971151 −387.284284 0.190547 0.141152 

TS17 −386.933013 −387.248829 0.189624 0.148195 

TS18 −386.916462 −387.233273 0.189360 0.147468 

P8 −386.995533 −387.319971 0.191918 0.149648 

BP8 −386.994169 −387.317418 0.193152 0.151827 

9 −807.136760 −807.562556 0.153737 0.104254 

TS19 −807.103853 −807.533729 0.152507 0.109774 

TS20 −807.097468 −807.528758 0.152451 0.110161 

P9 −807.173552 −807.612105 0.154943 0.112366 

BP9 −807.171543 −807.609984 0.155791 0.114503 

10 −846.427627 −846.885125 0.183095 0.129644 

TS21 −846.393619 −846.855012 0.182015 0.136221 

TS22 −846.395272 −846.856742 0.181735 0.135725 

P10 −846.462169 −846.932605 0.184519 0.138641 

BP10 −846.459885 −846.930264 0.184999 0.140505 

11 −346.458252 −346.730338 0.137517 0.093058 

TS23 −346.425656 −346.701554 0.136311 0.098726 

TS24 −346.414738 −346.691127 0.136221 0.098725 

P11 −346.481773 −346.766634 0.138917 0.100583 

BP11 −346.474366 −346.758511 0.139840 0.102675 

12 −385.749054 −386.052859 0.166946 0.118716 

TS25 −385.714723 −386.021512 0.165644 0.124703 

TS26 −385.712984 −386.020382 0.165764 0.125353 

P12 −385.770132 −386.086684 0.168523 0.126821 

BP12 −385.762238 −386.078777 0.168990 0.128559 

13 −535.854389 −536.267717 0.163279 0.114227 

TS27 −535.837559 −536.250513 0.161838 0.117265 

TS28 −535.826183 −536.247609 0.161969 0.118649 

P13 −535.895498 −536.324711 0.164779 0.120773 

BP13 −535.887232 −536.315044 0.165446 0.122626 

14 −575.145483 −575.590694 0.192569 0.139385 

TS29 −575.129043 −575.573900 0.191306 0.143149 

TS30 −575.122692 −575.572369 0.191198 0.143937 

P14 −575.182815 −575.643867 0.194372 0.146192 

BP14 −575.174985 −575.635014 0.194739 0.148600 

15 −441.053069 −441.406247 0.184321 0.132771 

TS31 −441.028417 −441.384221 0.182639 0.137768 

TS32 −441.022823 −441.378465 0.182824 0.138980 

P15 −441.093848 −441.459011 0.185724 0.140620 
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BP15 −441.083690 −441.448101 0.186390 0.142770 

16 −480.343800 −480.728789 0.213785 0.158734 

TS33 −480.318291 −480.704982 0.212060 0.164588 

TS34 −480.321756 −480.708582 0.212453 0.165957 

P16 −480.382085 −480.779356 0.215322 0.166844 

BP16 −480.370758 −480.768512 0.215754 0.169136 

17 −152.488394  0.035937 0.007837 

TS-D17 −304.940560  0.074242 0.037911 

D17 −305.009847  0.076913 0.041362 

18 −191.773906  0.066350 0.033882 

TS-D18 −383.516228  0.133817 0.089668 

D18 −383.586522  0.136771 0.093338 

[a] Repo ted i  ato i  u its. Gtolue e = SPE T)  + TCG + .  k al/ ol. 

[ ] Co puted at the U B LYP/def -SVP le el. 

[ ] Co puted at the SMD tolue e / U ωB XD/def -T)VPP// U B LYP/def -SVP le el. 

 

Ta le S . Si gle-poi t e e gies SPEs  i  e h a k al ulatio s.[a] 

 CCSD(T)[b] B3LYP[c] B3LYP-D3(BJ)[d] M06-2X[e] PBE0-D3(BJ)[f] ωB97XD[g] 

12 −385.342455 −386.173765 −386.200907 −385.990538 −385.710378 −386.028981 

TS25 −385.314094 −386.134048 −386.167998 −385.953948 −385.685497 −385.993340 

TS26 −385.312292 −386.132272 −386.166421 −385.954629 −385.685417 −385.993136 

P12 −385.374441 −386.186560 −386.219056 −386.017060 −385.745482 −386.060569 

BP12 −385.368660 −386.177450 −386.211234 −386.011164 −385.738353 −386.052441 

17 −152.358114 −152.663527 −152.667166 −152.595947 −152.483743 −152.604562 

TS-D17 −304.680543 −305.287615 −305.301040 −305.154113 −304.940731 −305.172352 

D17 −304.753671 −305.349326 −305.362208 −305.224306 −305.010122 −305.245987 

18 −191.595888 −191.990908 −191.998529 −191.901196 −191.762729 −191.918270 

TS-D18 −383.163875 −383.946404 −383.970091 −383.771895 −383.504761 −383.806811 

D18 −383.238931 −384.009855 −384.033284 −383.842862 −383.575910 −383.882360 

[a] Repo ted i  ato i  u its. 

[ ] Co puted at the CCSD T / -pVT)//B LYP/def -SVP le el. 

[ ] Co puted at the B LYP/ -pVT)//B LYP/def -SVP le el. 

[d] Co puted at the B LYP-D BJ / -pVT)//B LYP/def -SVP le el. 

[e] Co puted at the M - X/ -pVT)//B LYP/def -SVP le el. 

[f] Co puted at the PBE -D BJ / -pVT)//B LYP/def -SVP le el. 

[g] Co puted at the ωB97XD/cc-pVTZ//B3LYP/def2-SVP level. 
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S . Cartesia  Coordi ates of the Statio ary Poi ts 
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