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TS51a

r(C,O) = 2.165

51a

r(C,O) = 1.446

51c

r(C,O) = 1.415

������� � ���
	 � !XO�Y:Q	� O !��dOY����� k'`�! ����������� k��DV � � O�Y:O4"���!�� ��� N � � � !>f eXT ]& !XQ��HQ�_�O ��� �dO�V��lk � k
f2e7V � & ! �dO�V ( f h hHO g��RY:`X_��R`XY � & Y & � O �ROY � � � f `4V ! & T � OF�dO�Y!�lk � k f2e4V � ]& ! �dO+b[`XY �dO !#� ����� � �HOY�� (

� �$�9M8IPI��NK �JK�OSI'TPO��NK����NK�� �����K�� � G9I � � � R ��� GJIPT �9M8I T7K�I �FT7R���� K�I � R BUH1> �8K�� RPI�
TPK	I �2K��NTPK	I�� "�G#" S BUHYV � �>OSK � K��NK�O�� ��TPO��C�AR�� OQK������ I G 7K � R �PG���� OSK�� K�LQM � � R K��B�
�NK	O���PK	I O �����V� �M8I7IC�NK<K	OSI TPO��NK����NK�� �����K�� � G9I � � � R �� G9I7T � R BUH?> IPO=��C��K	IPK�� �8K��NO�����
� �RPI ��� O �8K�� �NK�OQI�� � G��� OSK	LSLQK
= ���NO�	�OSK�� RPI �8K	I , ���8L � ������� � �$�?0 � K�O �8K�I��4T G �0T7OSK
%'&)( �F��M8I  �8R��NG7� OQM8I O 	 32K�� K�O����T7K��6E OQIPO�	<G B�H?> RPI7T B�HYV � �R7I ���NO��8K��CO����G9L �,T7OSK
*,+.-0/ ( ����M8I  �8R�� G7�NOSM8I��)��� K�OSI7K�	 /��=(����� ��� G9IPT �8M8I21 G � G � [� �>O�� T B K�TPM1�� T G �
*,+.-0/ ( �U� �NM 	�K��
� �RPI ��� O �8K�� �I=6��K��  G9L�� K�OSI7K�� /��.=(����� ��� GJIPTPK�� �8M8I G � � � [� �JM8IPI�
� K!�JK�OSI7K %'&)( ����M8I�� M�� 	 G7�NOSM8I �8K�� R7IPTPK�I �2K��NTPK	I�� "#OQK�� K�� ��� �8K��PIPO�� � G ��� � R TPK�I
32K�� RPIPTPK	I �9M8I�N �^� M � OQK��43 *5-0687:9 G H �<; ��� M8I G��� TPOSK *�+=-0/ ( ����� �>OSI��JK�LSR7I ��TPK��4/2+3)4+C�
��OSI 7K�O��;� K	O�	 �CI ��� Oa`DTPK�� -,R���LSK	M�� POQL�� � G �9M��NO �NOQK���� �>O��NT � "�G � %'&)( � � �NM 	<K���	<O�� TPK 	
�����MZ��� K	I /��=(� ��� �� G9IPT , G � � ��[� 0,LSOQK����4K�I7K�� �9K�� O ���� M���K��  G9L�� TPK�� �����K�� �8G9I � � � R�
��� G9IPTPK � 	�O�� *,+=-0/ ( �F��M8I  �8R�� G4� OSM9I�" S BUHYV � � M TPR����� K	OSI TPO�� K���� K��	: K�� �8M8I TPK�I
� &�> � � ` � � & Y �db ���X`XYRSUT#���HO " j � k j O�SUT�!a`�!4Q � ]��Q�h��WSUT�b�� Y � (



�6G��PO�� K�L�� ���CTPT7O�� OQM8IPK	I GJI I7O����� G����NO � OSK���� K �	��� POSI ���

��TPR���� K	I � R B�H?> G9R�� B K�T7K�I .�GJLSL:RPI � �RPI ��� O �8K���O ��� GJL�� K	OSI �>K�G���� OQM8I �C��� G9T �R���K��
" S BUHYV �

BDCFEGC�HIC�� �����	��
�� JMLONPJPL�S Q�5

"#OSK9�'� �8K��7IPO�� �NK�TPK��$�CT7TPO��NOSM8I �9M8I N ) 5 G9I /2+3),+ �NOQIPT OSI ����� ��� � �;RPI7T �������
� � G G�� �8K��POSLQTPK����

�FM8I;T7K�I OSI/�������:��� � TPG�� �8K ���NK�LSL�� K	IDN ���NR���� R��NK�I �>R�� TPK�I IAR�� " S B�_V � B�_V �7),+LN
RPIPT�N7) 5 	�O��2TPK��>GJR � 	�K�I�� OQK����NK�I 3 G �NO�� M���� O 	<OQK������ -4K�IPIPK	I ��� K��� K���� �2K	O���ARPI�
�8K	I �9M8I T7K�I = ���NO�	�OSK��NRPI �9K�I M PI7K�T7Oa` R �NK6. RPI����NOSM8IPK	I  IPTPK�� 	<G9I IAR��c� K	O�TPK��
/��BN �.32OQIPTPRPI ��OSI�" S B��_V RPIPT B�_V �*"#OQK�� KP3 OSIPTPR7I � ���G9LQL�� 	�O��4TPK 	 G9R � 	�K�I��NOSK��F�
� K	I 32G �NO � � G4� � OSI " S B��_V R 	 H �<H G � [� L �G9I �9K��#RPI7T OQI B��_V R 	 H �<H G � [� � �R�� � K��
G9R � � ��� ��� GJRPIPLSO=�� O ��� �2T G �*TPOQK /��FN?�.3 OSIPTPR7I �*G9R���E,����49G9R �����%�L��� � �F/��.-4O �9K�G9R
OSI#" S B��_V ,����8L����������<� �I��0 	�O��$� � G ; � [� � �R�� � K��6O�����GJL���TPOQK�/��=(�.32OQIPTPRPI � TPK��
N7G9R7K�� �� M ` G9I GJLSM �8M9I ��" S BUHWV 	�O��	� � G G � [� ,�� �9L���������� � �I;�0 �

: OSK ��K�O>TPK�� �,TPTPO��NOSM8I �8M9I =�)65 �NOQIPT TPOQK 	<O�� TPK��<G9R � 	�K�I��NOSK��� K	I 3 G � O��(��KL�
�NK%��PIPK�� K�I ��IPK�� �8OQK�I � �R���� K	OSTPK5= ��� O 	<OQK��NR7I � �NI7O �8K�G9R � �8LSK	O�����c� 	 A6K �8K�I � G7� � � R
TPK	ID��IPK�� �8OSK	I>��K�O TPK��&�CTPT7O�� OQM8I �8M8I =6) 5 RPI��NK�� �C��PK�OQTPK�I � O���;T7OSK	��IPK�� �8OSK	I�� T7OSK
M PI7KCTPO ` R � KC. RPI��C�NOSM8I7K�I���K�� K���PIPK�� �>R�� TPK�I�� IAR�� �8K��NOQI � �9M8I;TPK	ID��IPK�� �8OSK	I�� T7OSK
	�O��:TPK�� G9R � 	�K�I�� OQK��� K�I�3 G �NO � K��  GJL�� K	I��>R�� TPK�I��#�,R � TPOQK��NK 	 A)�NR7IPT��>R�� TPK�G9R��
/?� �F��M����NK����NR��NK	I �8K�� � O����� K�� �

� 	 �,I�� K�� ����7OSK�T � R��9�CT7TPO��NOSM8I �8M8I =�) 5 GJI1/2+3),+�OQI ����� � � �<; �>R��NTPK	I � � K�O
�����K�� � G9I � � � R ��� �GJIPTPK�,�" S B��_V RPIPT4" S B��_X 0��8K�� RPIPTPK	I��9TPOQK�TPO�� K���� �8M9IDTPK	I ��TPR����
� K	I � R TPK	I ���NM TPR���� K	I B��_V � � � � B��_X �	�R ��NK	I RPI7T TPR��C��A�F� /����4K%��PIARPI �8K	I
�8K��NO  � OQK���� � K�� TPK�I��9M8IPI��NK�I��



��� � ��� ��� �9K��PIPO � � K TPK��(N � RPT7OSK

TS52a

a(4,2,1): 122.6
a(5,1,2): 132.5
a(2,1,3): 129.0
a(6,3,1):  90.1
d(6,3,1,2): 0.0

133.3

128.1

90.1

0.0

125.4

1.286
1.283

1.332
1.332

2.120
2.135

1.074
1.073

1.082
1.080

a(4,2,1): 131.9
a(5,1,2): 146.5
a(2,1,3): 120.0
a(6,3,1):  95.6
d(6,3,1,2): 180.0

1.258

1.340

2.198

1.075

1.072

TS52b

a(4,2,1): 110.4
a(5,1,2): 125.9
a(2,1,3): 127.0
a(6,3,1):  98.6
d(6,3,1,2): 120.2

1.324
1.892

1.338

1.081

1.097

52c

a(4,2,1): 106.6
a(5,1,2): 132.0
a(2,1,3): 119.0
a(6,3,1):  98.0
d(6,3,1,2): 165.6

1.331

1.831

1.339

1.092
1.102

52b

a(4,2,1): 112.2
a(5,1,2): 126.5
a(2,1,3): 130.0
a(6,3,1):  93.8

113.9

126.1

129.4

94.1

1.319
1.320

1.333
1.333

1.914
1.8971.098

1.096
1.082
1.082

52a

a(4,2,1): 106.7
a(5,1,2): 131.3
a(2,1,3): 121.8
a(6,3,1):  91.7

1.334

1.337

1.826

1.103
1.091

52d

1.339
1.337

1.332

a(H,S,H): 92.2

1.331

1.335

1.750

1.0771.075

1.076

52e

a(4,1,2): 121.9
a(7,1,2): 119.9
a(5,2,1): 120.5
a(3,2,1): 127.5
a(6,3,2): 96.2
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0.0

11.6

21.8

11.7

12.5
(12.3)

22.3

12.3
(12.2)

TS52a

TS52b

52b

52a

0.3

0.7

52c

52a

-1.7

-2.1

52b

52d

15.1

15.1 MP2/aug-cc-pVTZ//
MP2/cc-pVTZ

(MP2/aug-cc-pVTZ)

MP2/cc-pVTZ
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a(4,2,1): 149.3
a(5,1,2): 154.2
a(2,1,3): 130.4

149.2

152.0

126.6

TS54a

1.237
1.239

1.053
1.055

1.061
1.061

2.206
2.120

TS54b

a(4,2,1): 180.0
a(5,1,2): 126.5
a(2,1,3): 126.5

180.0

125.1

125.1

1.303
1.311

1.056
1.061

1.126
1.110

1.126
1.110

54a

a(4,2,1): 106.4
a(5,1,2): 121.1
a(2,1,3): 127.0

108.6

121.5

125.5

1.353
1.353

1.111
1.105

1.092
1.089

1.101
1.101

54b

a(C,C,H): 121.3

1.328
1.076

0.737
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»
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������� � ��� 	 f ����� � ���	!6"��	! � �<& ! � �=��� ( f h hHO ��!XOYRQ��HO ! � _�S & h T � ��h �;V�� ! � � � �#U ���iV & `�� �dO �
W%� "�O & `#�dOY[O !��RV �XY:O�SUTXO !J�dO ! � ����� � � O�Y:` !XQ?_���YRY � Q	� O�Y � (

�8OQK�I��ATPOQK 	�O��FR7IPT M 7IPK,T7Oa` R �NK,. RPI���� OQM8IPK�I<K��  G9L��NK�I �>R��NT7K�I�� �NK�LSG7� O � ��� MZ� ��"#OQK
��� � G���7K�I TPOSK �NK��D"#Oa` K�� K�I � K�I � M8LSL�� K�I TPOSK �8LSK	O���PK	I �>OSK�� K	OCTPK��/�,TPTPO��NOSM8I �8M8I
=�)65 G9I /2+3),+ �NK	OSI , ���8L��+��G���� � ��� � G � G 0 �
��OSIPK /?� ���6M����NK%��� R�� � �R�� " S B_E!V G9R�� TPK�	 � K ���NK�I �8K����2K	IPTPK�� K�I -4O �9K�G9R
, E��&��49G9R ��� �����������F/80�K�� �8O�����K	OSIPK	I ��M����NK����NR����NK�� 	 �9M8I]�FH � GD����GJL 4 	�M8L�� �NM T G �
K�OQIPK$����� O � OSK�� RPI � ��� G����NOSK��NK �9M8I �����9����G9L 4 	<M8L K�� PG9L��NK�I �>O�� T��



��� � ��� ��� �9K��PIPO � � K TPK��(N � RPT7OSK

"#OSKCOSID�������:� � � TPG�� �8K ���NK�LSL�� K)� M�� K	I�� O?GJL� �1� K��	]
�G���7K � K�O ��� K�OQIPK ��� G����<K�� M�� PK�� 	<K
�>K�G���� OQM8I��i� K	O�TPK�� � O?G " S B_E!V T G �#E OSI7O�	 R 	 B_E!V K����NK	O�������>O�� T�� "#OQK��NK � � G9IPI
�R���K��>TPK	I ��F� K�� � G9I � � � R ��� G9IPT " S B_E!X OSI � O��� �NK�L�� ��� �R���K�� �8K�7K�I��

. �R�� " S BIE!V RPIPT " S B_E!X �>R�� TPK�I ")�F� �F�>K���PIARPI �9K�I G9R�� E,����4��%�L� ��� �F/��
-,O �8K�G9R TPR��C�� �8K����R ������ �2K	L���PK TPOQK ��F� K�� � G9I � � � R �����G9IPTPK TPK	I K�I�� �C���NK%��PK�IPT7K�I
E OQIPO�	<G � RPM�� TPIPK	I�� "#OSKD�(�C�NO � OSK��NRPI � �NK	IPK�� �8OSK TPK��/�4K�G���� OQM8I �R�� K�� " S B_E!V O ���
	�O�� � �I� � �����D����G9L 4 	�M8L�IPOQK�T�� O��8K���G9L��6TPOQK �(��� O � OQK��NR7I � ���PG���� OSK�� K�I@�PO�� PK�� O��8K��D),.V�
N �NRPTPOSK	I , G G �<H ����GJL 4 	�M8L 9 G H G ;�RPIPT G G ���9����GJL 4 	�M8L 9 G H �<;50 �

��OSI �����K�� � G9I � � � R ��� GJIPT�� � K	OPTPK�	 T7OSK : G � � K�� ��� M ` G7�NM 	�K,)C�#RPIPT<) � %'&)( � �� �G9IPT7O��
G9I �9K�M�� TPIPK�� � OSIPT � �9M8IPI��NK,IPO=���� �8K�� RPI7TPK�I �2K��NTPK	I��'� G7��� OQK�LQLSKc= ���NO�	�OSK�� RPI �8K	I�G9R��
E,����49GJR �����%�L� ��� �F/�� -,O �9K�G9R@, ���8L �+����� �:� �I2�0 � K�O �8K�I�� T G � TPOSK %'&)( �F��M8I  �8R��NG7� OQM8I

-77.78

-77.77

-77.76

-77.75

-77.74

-77.73

-77.72

-77.71

-77.70

-77.69

-77.68

r(C
1,H

3)

1.
05

1.
15

1.
25

1.
35

1.
45

1.
55

1.
65

1.
75

1.
85

1.
95

2.
05

2.
15E[a.u.]

[Å
]

TS54a

r(C1,H3) = 2.120
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a(4,2,1): 121.1
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2.430

2.402

-
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Rh
Cl

Cl
HO

Cl

Cl
Rh

Cl

Cl
OH2

Cl

Cl
+H2O
- H3O+

- 2- 2-

62b 63b

TS61 Rh
Cl

Cl

Cl

Cl

64a

HO

� ������' ��� � !#����%'&�()���*�������*��( &-& * * 7
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63a +  H3O+

63b + H3O+

62b + H2O

32.9
(35.3)
[33.8]

1.3
(1.0)
[0.9]

63b + H3O+

63a + H3O+ 1.4
(0.9)

254.7
(246.3)
[242.0]

»

2.149

2.178

2.195

2.161

2.191

2.211

1.256

1.241

1.238

2.057

2.064

2.049

2.352

2.483

2.415

2.438

2.446

2.407

2.442

2.445

2.411
2.492

2.507

2.463

63a

63b

2.441

2.440

2.413 2.005

2.012

2.022

2.444

2.453

2.412 2.206

2.238

2.254

2.216

2.237

2.254

1.125

1.238

1.234

2.426

2.442

2.412

2.450

2.453

2.416

2-

2-

64a + H3O+

64b + H3O+

64a

64b

TS61

Ts61 + H3O+

Ts61 + H3O+

-1.5   CBP/B//BP/A
(2.0)  (CBP/B)
[1.1]  [CBP/B+//CBP/B]

45.5

5.8
(4.7)
[4.3]

64b + H3O+

64a + H3O+
12.0
(9.9)
[9.4]

264.6
(258.4)
[254.1]

205.3    BP/A
(201.0) (BP/B//BP/A)
[198.0]  [BP/B+]

COSMO

Gasphase

1.954

2.025

1.280

1.264

2.312

2.382

2.448

2.469

2.420

2.427

2.458

2.454

2.415

2.424

2.094

2.086

1.371

1.379

1.3771.354

1.343

1.341

1.969

1.974

1.981

2.441

2.434

2.408

2.395

2.401

2.379

2.405

2.408

2.384

2.405

2.408

2.384

1.414

1.428

1.400
1.348

1.336

1.337

1.950

1.960

1.970
2.411

2.411

2.381

2.414

2.420

2.392

2.406

2.408

2.381

2.406

2.408

2.392

2- 2-

2-
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616 +  H3O+

612 + H2O

612 616

(35.3) (CBP/B)

616 + H3O+

251.8   BP/A
(241.4) (BP/B//BP/A)

COSMO

Gasphase

»

2.066

2.078

2.447

2.410

2.414

2.402

1.237

1.254

2.211

2.171

2.417

2.422

2.337

2.490

1.751

1.661

2.456

2.437

2.172

2.212

2-

-

2.407

2.404

2.349

2.361

2.431

2.418

2.171

2.143

1.565

1.619

1.038

1.023

2.407

2.398

2.194

2.240

2.194

2.243

1.251

1.234
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16.8 CBP/B//BP/A

(8.0) (CBP/B)

(-3.5)

-20.8
(-14.1)

1.9
(10.1)

143.0    BP/A
(154.1) (BP/B//BP/A)

COSMO

Gasphase

-

2.407

2.404

2.349

2.361

2.431

2.418

2.171

2.143

1.565

1.619

1.038

1.023

2.407

2.398

2.194

2.240

2.194

2.243

1.251

1.234

-

2.332

2.463

2.393

2.052

1.273

1.247

2.584

2.245

1.196

1.247

2.434

-

2.387

2.365

2.317

2.331

1.963

1.974

1.348

1.337

1.399

1.396

1.395

1.391

2.186

1.146
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(-17.4) (CBP/B)

(10.0)

-6.6
(-4.0)

12.4
(15.1)

-31.6    BP/A
(-23.2) (BP/B//BP/A)

COSMO

Gasphase

62b +  H O2

614

TS63

TS63

TS63

614

614

615

615

»

2.344

2.366

2.344

2.356

2.461

2.412

2.438

2.420

1.940

1.967

1.347

1.334

1.437

1.420

1.355

1.118

1.084

1.015

1.116

1.346

-

-

1.270

2.356 2.380

2.355

2.079 2.115

2.400

25.5 (CBP/B//BP/A)

-

2.359

2.396
2.357

2.402

1.280

1.978

2.480

1.710

1.008
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RhCl4:     -1.75                    -1.78                      -1.49
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122.7   BP/A
(130.7) (BP/B//BP/A)

11.9
(9.7)

66b

66a

6.1
(5.1)
[4.6]

6.7   CBP/B//BP/A
(6.0) (CBP/B)
[6.7]  [CBP/B+//CBP/B]
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2.461
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65b
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64a + H2O
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5.2   CBP/B//BP/A
(2.1) (CBP/B)
[2.9] [CBP/B+//CBP/B]

6.8
(5.7)
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(19.8)

-14.6  BP/A
(-5.7)  (BP/B//BP/A)

COSMO

Gasphase
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67a

67b

67d

67c

64a + C H22

2.4
(1.4)
[1.1]

67b

67a

67a

67b

3.7
(3.7)

2.4
(0.7)
[1.2]

10.9
(8.8)

6.4
(4.7)
[4.8]

16.8
(14.6)

5.4
(4.8)
[4.1]

-6.1
(-1.7)

Gasphase

COSMO

67c

67c

67d

67d

1.370

1.383

1.353

1.340

1.993

2.005

2.404

2.402

2.445

2.414

2.444

2.409

2.449

2.428

2.623

2.580

2.625

2.576

1.230

1.217

2-

2.048

2.039

2.433

2.428
1.367

1.379

1.354

1.341

2.429

2.411

2.584

2.611

2.441

2.415

1.259

1.241

2.161

2.199

2.151

2.185

2-

1.414

1.404

1.345

1.336
1.992

2.003

2.429

2.417

2.443

2.406
2.427

2.406

2.444

2.417

1.235

1.219

2.457

2.530

2.456

2.529

2-

2.407

2.410

2.584

2.610

2.434

2.407

2.182

2.192

1.257

1.241

2.169

2.199

2.441

2.416

2.046

2.037

1.424

1.405

1.344

1.334

2-

CBP/B//BP/A
(CBP/B)
[CBP/B+//CBP/B]

BP/A
(BP/B//BP/A)

»
»
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Cl

ClCl

Cl
Rh

HO

Cl

ClCl

Cl
Rh

HO

Cl
OH2

ClCl

Cl
Rh

HO

Cl

+ H3O+

- H2O
- CH2=CH(OH)

Cl

ClCl

Cl
Rh

+ H3O+

- H2O
- CH2=CH(OH)

+ H3O+

- H2O
- CH2=CH(OH)

-

3-

OH2

ClCl

Cl
Rh

Cl

65a

2-

67b 66a

68a

2-

69a

-

Rh
Cl

Cl

Cl

Cl
Cl

610

2-

4A 4B 4C
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68a + H O
+ CH =CH(OH)

2

2

67b + H O+
3

-18.9   CBP/B//BP/A
(-17.7) (CBP/B)
[-16.5]  [CBP/B+//CBP/B]

4.7
(4.6)
[4.6]

5.7
(5.6)

-217.0    BP/A
(-217.3)  (BP/B//BP/A)

COSMO

Gasphase

»

68b + H O
+ CH =CH(OH)

2

2

68b + H O
+ CH =CH(OH)

2

2

68a

1.272

1.254

2.072

2.108

2.072

2.108

2.372

2.367 2.372

2.367

-

68b

1.254

1.237

2.198

2.235

2.177

2.219

2.382

2.373

2.337

2.358

2.398

2.390

2.305

2.289

-

68a + H O
+ CH =CH(OH)

2

2

69a + H O
+ CH =CH(OH)

2

2

-13.4
(-13.6)
[-12.8]

10.0
(9.3)
[9.3]

2.7
(5.0)

-205.4
(-206.6)

COSMO

Gasphase

»

69b + H O
+ CH =CH(OH)

2

2

69b + H O
+ CH =CH(OH)

2

2

69a

2.288

2.281

2.278

2.352

2.345

2.3642.295

2.291

2.316

2.418

2.199

2.365

2.222

2.207

2.143

-

69b

2.426

2.421

2.379

2.058

2.047

2.009

2.337

2.338

2.367

2.337

2.339

2.366

-

65a + H O+
3

69a + H O
+ CH =CH(OH)

2

2

610 + H O
+ CH =CH(OH)

2

2

66a + H O+
3

-24.7
(-23.6)
[-21.5]

-303.9
(-299.4)

COSMO

Gasphase

»

610 + H O
+

2
CH =CH(OH)2

610

2.312

2.285

2.405

2.379

2-

4A

4B

4C
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5 F E F H I I<Q IN J M H I I< KS P N P H I I< KS P J M O J < S H I I< K J L KO H I I< K J LS N H I I< K J L IO L

H I I< K J LS K R

5TU H LJ N <O Q M N K H LJ N < KQ Q P K H LJ N < K K J KS H H LJ N < L LS M L H H LJ N < LS LJ S

EGV 6 W H IJ < J LMO I H IJ < I LN J K H IJ < I LN M L Q N < P H IJ < P P LS L H IJ < P P S O O H IJ < P P S K K

5 E V 5 E6 HO S K < IQ KQ Q HO S K < P M J L L HO S K < P M IS N K K < J HO S K < M N LPO HO S K < M N S LN HO S K < M N J JO5 E F X 5 E Y6 E Z HO S K < IN J N K HO S K < P IM P M HO S K < P PO O M K L< S HO S K < P P MO I HO S K < P P M K J HO S K < P M N LS

[\ ] HQ P IO < KS Q J I HQ P IQ < K K JQ J HQ P IQ < K J J K N K < J H H HQ P IQ < M IN S O R

[\ ^ H S J I< PO O S S H S J P < K L LS M H M L< L H H H S J M < NQ K J I R

[\ _ HQ O N L<O Q Q M I HQ O N L< MQ Q M S H K L< J H H H

[\ ` HQ O N L<O Q S Q M HQ O N L< MQ S IM H K L< S HQ O N S < NO Q J P H HQ O N S < NO IS S R

[\ a HO IQ N <Q J L KQ HO IQ N < M M K N P H LM < K H H H

[\ b HO IQ N <Q J JQ J HO IQ N < M M L LP H LM < P H H HO IQ O < N K K IN R

[\ c HO K K J <Q JQ P S HO K K J < MQ S IO H J S <O H H H

[\ d HO K K J <Q I K K M HO K K J < M KS LQ H J L< M H H HO K K I< N S O O N R

[\ e H M S Q <O O M S O H M S Q < IO IJ M H P N <O H H H M S K < N LJ P I R

[\ f HQ LP P < IN L I L HQ LP M < S P LQ P HQ LP M < S M P L L Q N < I H H HQ LP M < P P J P L R

[\ g H S J P < IN P N K H S J M <Q K J N J H M S < M H H H S J M < M N N P M R

[\ h H M S K < NO K M J H M S K < J N LS P H PQ < N H H H

[\ i H M S K < NO S P S H M S K < J N PO P H PO < K H H H M S K < MQ S PO R

[\ j HO IQ O <O J S Q J HO IQ O < P P J S M H S O < S H H H

[\ k HO IQ O <O IQ K K HO IQ O < P M K MO H S O < S H H HO IQ O < MQ K P I R

[\ l HO IQ O <O J MO I HO IQ O < P P M IP H S O < P H H H

[\ m HO K K I<O J S M P HO K K I< PQ N M K H J J < I H H H

[\n HO K K I<O IO S P HO K K I< PQ J L L H J J < I H H HO K K I< M K KO S R
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CD E F G H HI ; G JI JK F G H HI ; LM K H L F J J; K F F F

CN FM K LI ; L GK G J FM K L L; IO O G G FM K L L; I GK HP G Q;O FM K L L; Q LI P H FM K L L; Q QP M L FM K L Q;O O P JM

FM K L L; Q Q JM JSR

CT U FM GO P ;O G QI Q FM GO P ; L GK P J FM GO P ; LM G JK H J; K FM GO P ; QO K G J FM GO P ; Q GO I Q FM GO P ; Q G J H L

FM GO P ; QO QO P R

CT V FM GO P ;O GP JP FM GO P ; L GO M G FM GO P ; L GI MO H J; H FM GO P ; QO O I M FM GO P ; QO I I K FM GO P ; Q G HK G

CW U FM GO K ; HM JO P FM GO P ; GK M QO FM GO P ; GP L HK M L; M FM GO P ; K K HO L FM GO P ; K K P K M FM GO P ; K P P P I

CW V FM GO K ; HM H LI FM GO P ; GK G J H FM GO P ; GP I HP M L; H FM GO P ; K K G G L FM GO P ; K K H LI FM GO P ; K P K M K

X Y CN FM GO K ; HO LO H FM GO P ; GM M H Q FM GO P ; G H LO M M L; H FM GO P ; K M G G G F F

X Y CT FM G L G; HI P I Q FM G LM ; M P LP P F K Q; G FM G LM ; HP G H L F F

X Y CW FM G L G; H JO J J FM G LM ; M P M M P F PO ; G FM G LM ; H H Q G G F F

CZ U FM GO K ; KO J L G FM GO P ; M GI QI FM GO P ; M H GI M HO ; Q FM GO P ; PO O M Q FM GO P ; PO GM M FM GO P ; P GO P I

CZ V FM GO K ; H LI M G FM GO P ; MO G JK FM GO P ; M G JM K HO ; J FM GO P ; K QO P G FM GO P ; K Q H G L FM GO P ; PO HM M

C[ U FM G LO ; I QI P J FM G L G; J QP LM F K J; P FM G L G; QI H L J FM G L G; QI Q LP FM G L G; Q QO M G

C[ V FM G LO ; I JO JK FM G L G; J J H H G F K P ; Q FM G L G; Q JMO G FM G L G; Q J Q L L FM G L G; Q L G LP

C C U FM P JK ; HKO HM FM P JP ; H HM P J F H G;O FM P JP ; Q HP JM FM P JP ; Q HI P P FM P JP ; QP K J H

C C V FM P JK ; HMO I G FM P JP ; H G JK H F HO ; P FM P JP ; QM P M J FM P JP ; QM LI Q FM P JP ; QK J JM

C\ U FM G L G; J L LM H FM G LM ; P I Q LO F K L; G FM G LM ; LP LO O FM G LM ; L J HKO FM G LM ; LI M JM

C\ V FM G L G; J L HO G FM G LM ; P I K P Q F K L; J FM G LM ; L JM P P FM G LM ; L JP M I FM G LM ; LI P HM

C\ ] FM G L G; JIO H Q FM G LM ; P JP H L F K I ; L FM G LM ; LP G GO FM G LM ; LP JK L FM G LM ; L J J HK

C\ ^ FM G L G; J J GM K FM G LM ; P P J H Q F K L;O FM G LM ; LP HO K FM G LM ; LP JI H FM G LM ; L JI LI

C_ U FMO M L; J GM H J FMO M Q; HMO P P F MO ; P FMO M Q; KO I QI FMO M Q; KO QO P FMO M Q; K G H LI
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