Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

SUPPORTING INFORMATION

Phosphomolybdic and phosphotungstic acids as efficient catalysts for the
synthesis of bridged 1,2,4,5-tetraoxanes
from f-diketones and hydrogen peroxide

AUTHOR NAMES Alexander O. Terent’ev,** Ivan A. Yaremenko®, Vera A. Vil’?, Igor K. Moiseev,”

Sergey A. Kon ’kov,® Valery M. Dembitsky,® Dmitri O. Levitsky, 4 and Gennady 1. Nikishin *

AUTHOR ADDRESSES

8 N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 47 Leninsky prosp.,
119991 Moscow, Russian Federation

® Samara State Technical University, Molodogvardeyskaya Str. 244, 443100 Samara, Russian
Federation

¢ Institute for Drug Research, P.O. Box 12065, Hebrew University, Jerusalem 91120, Israel

d Université de Nantes, 44322 Nantes Cedex 03, France.

CORRESPONDING AUTHOR E-MAIL ADDRESS terentev@ioc.ac.ru

S1


mailto:terentev@ioc.ac.ru

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Table of contents

NMR spectra of g-diketones (1a-r)

'"H NMR of 6-Methylheptane-2,4-dione (1b) S7
'H NMR of 7-Methyloctane-3,5-dione (1c) S8
'H NMR of 1-(1-Adamantyl)butane-1,3-dione (1e) S9
'"H NMR of 1-(1-Adamantyl)pentane-1,3-dione (1f) S10
'"H NMR of 3-Hexyl-2,4-pentanedione (1g) S11
"H NMR of 3-Allylpentane-2,4-dione (1h) S12
"H NMR of 3-(1-Adamantyl)pentane-2,4-dione (1i) S13
"H NMR of 3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j) S14
°C NMR of 3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j) S15
"H NMR of 3-Benzylpentane-2,4-dione (1k) S16
"H NMR of 3-(1-Phenylethyl)pentane-2,4-dione (1) S17
'"H NMR of 3-[1-(4-Methylphenyl)ethyl]pentane-2,4-dione (1m) S18
'"H NMR of 3-[1-(4-Bromophenyl)ethyl]pentane-2,4-dione (1n) S19
'"H NMR of 2-Methyl-1-phenylbutane-1,3-dione (10) S20
'"H NMR of 2-Benzyl-1-phenylbutane-1,3-dione (1p) S21
'H NMR of 2-Methyl-1,3-diphenylpropane-1,3-dione (1q) S22
'"H NMR of 2-Benzyl-1,3-diphenylpropane-1,3-dione (1r) S23
NMR spectra of tetraoxanes (2a-r)
"H NMR of 1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a) S24
®C NMR of 1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a) S25
"H NMR of 1-Isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b) S26

S2




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3C NMR of 1-Isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b) S27
'"H NMR of 1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2c) S28
3C NMR of 1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2c) S29
'H NMR of 1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d) S30
3C NMR of 1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d) S31
'H NMR of 1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2e) S32
*C NMR of 1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2e) S33
'"H NMR of 1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f) S34
*C NMR of 1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f) S35
'H NMR of 1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2g) S36
®C NMR of 1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (29) S37
'H NMR of 7-Allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2h) S38
"H NMR of 7-(1-Adamantyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2i) S39

'"H NMR of 7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane S40

(2j)

3C NMR of 7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane S41
(2j)

'"H NMR of 7-Benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2K) S42
'H NMR of 1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2I) S43
3C NMR of 1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2I) S44
'"H NMR of 1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6- S45

tetraoxabicyclo[2.2.1]heptane (2m)

3C NMR of 1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6- S46

tetraoxabicyclo[2.2.1]heptane (2m)

S3



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

'H NMR of 7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6- S47
tetraoxabicyclo[2.2.1]heptane (2n)

3C NMR of 7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6- S48
tetraoxabicyclo[2.2.1]heptane (2n)

'H NMR of 1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20) S49
3C NMR of 1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20) S50
'"H NMR of 7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p) S51
3C NMR of 7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p) S52
'"H NMR of 1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2q) S53
*C NMR of 1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2q) S54
"H NMR of 7-Benzyl-1,4-diphenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2r) S55
®C NMR of 7-Benzyl-1,4-diphenyl-2.3,5,6-tetraoxabicyclo[2.2.1 ]heptane (2r) S56

HRMS of p-diketone (1j)

3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j) S57

HRMS of tetraoxanes (2a-r)

1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a) S58
1-Isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b) S59
1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2¢) S60
1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d) S61
1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2e) S62
1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f) S63
1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (29) S64
7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2)) S65
1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2I) S66

S4



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2m) S67
7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2n) S68
1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20) S69
7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p) S70
1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2q) S71
7-Benzyl-1,4-diphenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptanes (2r) S72
IR spectrum of diketone
IR of 3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j) S73

IR spectra of tetraoxanes (2a-r)

IR of 1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a) S74
IR of 1-Isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b) S75
IR of 1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2c) S76
IR of 1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d) S77
IR of 1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2e) S78
IR of 1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f) S79
IR of 1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (29) S80
IR of 7-Allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2h) S81
IR of 7-(1-Adamantyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2i) S82
IR of 7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2)) S83
IR of 7-Benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2k) S84
IR of 1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2I) S85
IR of 1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6-tetraoxabicyclo[2.2.1]heptane S86
(2m)

IR of 7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane S87

S5



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

H>0;

(2n)

IR of 1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20) S88
IR of 7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p) S89
IR of 1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2Qq) S90
IR of 7-Benzyl-1,4-diphenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptanes (2r) S91
Monitoring of the PMA-catalyzed reaction of pentane-2,4-dione 1a with H,O, S92
Monitoring of the PMA-catalyzed reaction of 3-benzylpentane-2,4-dione 1k with S96

S6




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

NMR spectra of p-diketones
6-Methylheptane-2,4-dione (1b)
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7-Methyloctane-3,5-dione (1¢)
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1-(1-Adamantyl)butane-1,3-dione (1e)
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1-(1-Adamantyl)pentane-1,3-dione (1f)
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3-Hexyl-2,4-pentanedione (19)

Acquisition Time(sec) 0K759

| Comment

NMRED059953 | Date

14 May 2012 09:12:

32

File Name

Frequency (MHz)

30013

Nuclens

1H

MNumber of Transients

1 | Original Points Count 8124

Points Count

6192

Pulse Sequence

Fi¥|

Sokrent

CHLOROFORM-D

Sweep Widih {(H2)

G009.62

Temperature {degree C) 25300

OH

0

Chlurolfnrm-d

Lo

7.2

Mo, Annotation

{pprm)

1 Chloroform-d

7.25

S11




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3-Allylpentane-2,4-dione (1h)

Acquisition Time(sec) 0K759 | Comment Awance-300, COCI3 Data 08 Jun 2011 09:33:52

File Name Frequency (VHz) 300.13

Nuclens 1H Number of Transients 1 | Original Points Count 8124 Points Count 5152

Pulse Sequence pie] Solvent CHLORQFORM-D Sweep Width (H2) E009 B2

Temperature {degree C) 27 000

Chlorofﬂrm—d

7

0.151: i

Ma. Annotation (ppm)
1 Chlaroform-d 7.25

S12



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3-(1-Adamantyl)pentane-2,4-dione (1i)
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3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j)
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3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j)
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3-Benzylpentane-2,4-dione (1k)
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3-(1-Phenylethyl)pentane-2,4-dione (1)
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3-[1-(4-Methylphenyl)ethyl]pentane-2,4-dione (1m)
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3-[1-(4-Bromophenyl)ethyl]pentane-2,4-dione (1n)

| Accersffor Tinte fFec) 06758 | Conmmont Avance-300, COCIS Do 14 Jun 2011 14:4% 36
Fio Mo Freguency fiFi) 300413
Aichus 1H Armboer of Transiemts 1 | Oriqind Poins Count 5124 Ponls Count 8192
Puke Saguemce i Solont CHLOROF ORM-D Sweep Wdth [Fr) E009.62
Tomperstire fdegree ) 34.900
1.0 _ a
08 —0
05 3
_ Br
07 3
06 3
05 3
0.4 3
L S
T T LI L T T T LS B IR T T L I T L T L
7Aa 70 B5 B.0 55 a0 45 40 35 30 25 20 14
=]

Mo, Annatation (pparm)
1 Chlarofarm-d 7.25

S19




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

2-Methyl-1-phenylbutane-1,3-dione (10)
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2-Benzyl-1-phenylbutane-1,3-dione (1p)
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1 Chlaroform-d 7.25
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2-Methyl-1,3-diphenylpropane-1,3-dione (1q)

Acquisition Time(sec) 0K759 | Comment IR AS005 2953 | Date 16 Jul 2012 14:00:32
File Name Freguency (MHz) 300.13
Nuclens 1H Number of Transients 1 | Original Points Count 8124 Points Count 5182
Pulse Sequence pie] Solvent CHLORQFORM-D Sweep Width (Hz) F009.652
Temperature {degree C) 28700
|—
| || | [
T U L T T T T T T T L L L T T T U UL I
8.0 75 7.0 BE5 BE.0 85 a0 45 40 35 30 25 20 15
RRm
Ma. Annotation (ppm)
1 Chloroform-d 728
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2-Benzyl-1,3-diphenylpropane-1,3-dione (1r)

Acquisition Time(sec) 0K759

| Comment

AGOR NHI0Z3 | Date 25 Jul 2012 10:14:24

File Name

Freguency (MHZ)

300.13

Nuclens

1H

MNumber of Transients

1 | Original Points Count 8124 Points Count

81592

Pulse Sequence

Fi¥|

Solvent

CHLOROFORMD Sweep Width (Hz)

B009 62

Temperature {degree C) 27 500

Zhlnmf;rm-d

e

y

|

"

7.0

Mo, Annotation

{pprm)

1 Chloroform-d

7.25

B.5 g.0 585 5.0 4.5
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NMR spectra of tetraoxanes

1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a)

Acguisition Time (sec) 1.3518 |Dete 06 Apr 2012 13:52:00
File Name Frequency (MHz2) 300.13
Nucleus 1H Number of Transients 1 |On'qine.'Points Count 8124 Points Count 8192
Puise Sequence Zy Sokent CHLORQFORM-D Sweep Width (Hz) BEO09 62
Temperature fdegree ) 25 300

| E— | —

ULALARAR KRN RS AL RARLE LALLE UL LR RS LA LA LA T T Al RN LS IR LR BN UL LA LR R UASARLRARAS RN ERARE RS RS LR LA AR MR AL B N
32 31 3.0 249 28 27 256 25 2.4 2.3 22 2.1 2.0 19 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0
Chemical Shift (ppm)

Mo, | Annotation (ppm)
1 Chloroform-d | 7.25
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1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a)

Acquisition Time(sec) 04322 | Comment Avance-300,C-13, CDCI3 Date 06 Apr 2012 14:04:48
File Name Frequency (MHz) 7548
Nucleus 13C Number of Transients 114 | Original Points Count 16308 Points Count 16384
Pulse Sequence zipnElbase Solvent CHLOROFCORM-D Sweep Width (H2) 18867 .92
Temperature {degree C) 26.300
Chlarnlfnrm-d
[
L
i)
-
=
-
[
5
|
-t
(]
=
o
=
Lo
&
3
L L L L L L L L L L L L L R L L L L L L L L L L L L L L L L L L L L L L LR L R L LR LR LN LY LN LR
115 110 105 100 95 a0 o5 a0 75 70 65 G0 a5 a0 45 40 35 30 25 20 15 10 g 0
pprm
Mo, | (ppm) Hz) Height Mo, Annatation (pprm)
1 1064 | B03.0 | 0986 1 Chloroform-d 7700
2 | 8041 33123 | 05625
3 | FEAT | &779.4 | 1.0000
4 | 77.00 | 5811.6 | 0.8620
6 | 7741 [ AB427 | 09122
6 [ 109.81 | 8287.7 | 0.2611
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1-1sobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b)

Acguisition Time (sec) 1.3518 | Date 19 Apr 2012 14:32:32

File Name Fregquency (MHz) 30013
Nucleus 1H MNumnber of Transients 1 | Qriginal Points Count 83124 Puoints Count 8192
Puise Sequence Zy Sokvent CHLOREQFORM-D Sweep Width (Hz) EO09.62
Temperature (degree ) 25 300

'/_,_-—
| —
| | |
T T T T T L T T T T T L T T T T T LI T T 7 T T L T T T T T T T ]
3.0 25 20 1.4 1.0 0.5

Chemical Shift (ppm)

Mo, | Annotation (ppm)
1 | Chloroform-d | 7.25
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1-1sobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b)

| Acquisition Time{sec) 0.4501 | Conunent Avance-300, C-13, COCE Date 19 Apr 2012 14:32.32
File Name Frequency ((MHz) 7545
Nucleus 13c Number of Translents 138 | Original Points Count 16308 Points Count 16354
Pulse Sequence zpgaibase Solvent CHLOROFORM-D Sweep Width (Hz) 1811594
Temperature {degrea C) 25300

8] Chlaroforrm-d —
4 ' =
o
0 . 8$ ol
- o
N .qhg
5 - =
o
-
m B
o =
- -
[}
(L)
5 A
3
a
- O
.

P00 00 0 Ao g A ot

114 110 105 100 95 a0 g5 80 75 70 B5 50 55 50 45 40 I 30 25 20 15 10 5
ppm
Mo, | (ppm) {Hz) | Height Mo, Annatation {ppm)
1 | 1065 | 8036 | 0.60ES 1 Chlarofarm-d 77.00
2 | 2341 | 17667 | 1.0000
3 | 2493 | 18517 | 0.5817
4 | 3423 | 25539 | 08385
5 | 4981 | 37594 | 0.7739
6 | 76.58 | 57759.6 | 0.9251
7| 7700 | 88117 | 0.9418
g | 7743 | 88437 | 0.8352
9 [ 109.23 | 8244.4 | 0.4161
10 | 1M2.06 | 8457.8 | 0.4270
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1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2c)

Acquisition Time(sec) 0E759 | Commnent MNMRADD055953 Date 19 Apr 2012 145352
File Name Freguency (MHZ) 300.13 Nucleus 1H
Numberof Transients 1 | OQriginal Points Count 5124 Points Count 5192 Pulse Sequence |
Solvent CHLORQOFCRM-D Sweep Width (Hz) F009.52 Temperainre (degree ) 27 200

)9

—
| |

T T T T T T LRRRRI| T T T T T T T T | RARRIRRLEN] T T T T T T T T T T T T T T T T T T T AR RARRY RRRRY T T T A RARLE Lanss nal

30 249 28 27 2h 25 2.4 23 22 21 20 19 18 17 16 1.5 1.4 1.3 12 1.1 1.0 0s 08 07 0b 0a 0.4

Ma. | (ppm) Hz)
1 728 | 21761

Height Mo
0052 1

Annotation (ppm) Ma.
Chlaraform-d 7.25 1

(ppm) | “alue
A6 .. 2.7 150.000

S28




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2c)

Acquisition Time{sec) 04501 Comment Ayvance-300, C-13 CDCE Date 19 Apr 2012 14:56:00
File Name Frequency (MHZ) 7548

Nucleus 13C Number of Transfents 201 | Original Points Count 16308 Points Count 16354

Pulse Sequence Zipg30base Solvent CHLOROFORM-D Sweep Width (Hz) 18116594
Tempearature {degree C) 27 100

Chlurolform-d

[y

774
7.0

4

~-7B6.58

23.44

34.34
—18.98

24.96

=
o
=
=

[u]
-
[}
=

r
48.11

8.67

ppm

Mo, | (ppm) (Hz) | Height Mo Annatation (ppm)
8.87 | 6698 | 03348 1 Chloraform-d 77.00
18.98 | 1432.8 | 0.6199
23.44 | 1789.0 | 0.8578
2495 | 1634.0 | 0.4939
34.34 | 2881.7 | 0.7627
4811 | 3631.1 | 0.3371
7658 | 57796 | 0.8994
77.00 | 5611.7 | 1.0000
7743 | 58438 | 0.991
111.84 | 84412 | 03535
112,16 | 8465.5 | 0.3853

oo~ || | L B2 —

SE
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1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d)

Acquisition Time(sec) 0E759 | Commnent MNMRADD055953 Date 18 Jun 2012104208
File Name Frequency (IVHz) 30013 Nuclens
Numberof Transients 1 | OQriginal Points Count 5124 Points Count 5192 Puke Sequence zi

Solvent CHLORQOFCRM-D Sweep Width (Hz) F009.52 Tempearature {(degree ) 26 300

}L

35 30 25 20 15 1.0
pRrm
Ma. | (ppm) {Hz) | Height Mo Annotation (pprm) Ma. | (pprm) | Value
1 725 | 21761 | D007 1 Chlorefarm-d 725 1|98 .. 27 50.000
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1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d)

Acquisition Time{sec) 04501 | Comment Awance-300, C13 COCHE Date 18 Jun 2012 10:44:18
File Name Frequency (VHz) 75.458

MNucleus 13c MNumber of Transtents 139 | Original Points Count 16303 Points Count 16384

Pulse Sequence Tipgddbhase Solvent CHLOROFORM-D Sweep Width (H2) 1811594
Temperature {degree C) 26.400

jum]
o
w
[
Chlorofarm-d
o
=t
=]
| I~ m
5
F-
r_,_,-»J
=+ ] .
@ o o
= i il
R LI L L L L LI L L L L LI LI B L B L L L L L L L L L L L L L L L L L L L L L L L L L L I L L L L L L L L B L L L N L L L LN L LI LR LR
125 120 115 110 105 100 95 50 a5 80 75 70 65 60 55 50 45 40 35 30 25 20 15
ppm
MNo. | (ppm) (Hz) | Height MNo. Annotation (ppm)
26.38 | 1991.2 | 1.0000 1 Chloroform-d 77.00

33.27 | 25108 | 0.0813
43.90 | 3313.7 | 0.0205
7858 | 57796 | 0.5130
77.00 | 5811.7 | 0.5620
7743 | 5843.8 | 0.6084
116.04 | 8758.6 | 0.0790

S| OO e | LD B =
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1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2€)

Acquisition Time{sec) 0R759 | Comment JLBAE £55130 | Date 07 Dec 2011 14:38:56

File Name Frequency (MHz) 30013

MNucleus 1H Mumnber of Transients 1 | Qriginal Points Count 8124 Points Couni a192

Pulse Sequence Zi] Solvent CHLOROFORM-D Sweap Width (H2) RO09.52

Temperature {deqree C) 26.900

| |
T — T T U — T — T T — T T T T — T T
35 30 25 20 15 1.0 05
pRm
Ma. | (ppm) {Hz) | Height Mo Annotation (pprm) Ma. | (pprm) | Value
1 726 | 27760 | D.0547 1 Chloroforrm-d 7.25 1 [47 27 11,317
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1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2e)

Acquisition Time(sec) 14501

| Comment

Avance-300, C-13 CDCR

Date

07 Dec 2011 14:41:04

File Name

Frequency (MHz2) 75458

MNucieus 13

MNumber of Trans lents

| Oriyinal Points Count

Pulse Sequence zip30base

Solvent

CHLOROFORM-D

16308

Points Count 16354

Sweep Width{Hz) 18115.94

Temperature (degree C) 26.500

115.93
109.28

120 114 110 105 100

95

g5

—77.42
77.00

T
76.59

=
=]

(pprm) (Hz) | Height Mo,

Annotation

(e

1076 | 8135 | 0.2803 1

Chlordform-d

77.00

2796 | 21106 | 06854
3552 | 2681.2 | 01613
36.45 | 2750.9 | 0.5143
37.90 | 2660.3 | 1.0000
46.37 | 34995 | 0.26552
76.59 | 57807 | 0.7546
77.00 | 5611.7 | 0.5163
7742 | 58437 | 0.8583
10925 | B247.7 | 01348
115,93 | §749.7 | 0.0972

Lul ol ¥ n p g I N T D )

e =

Chloraform-d

!

75

70 65 60
ppm

S33
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37.90
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1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f)

| Acquisition Time(sec) 0K759

MR A0053953

18 Jan 2012 15:13:04

File Name Freguency (WHz) 300.13
Nuclens 1H Number of Trans lents | QOvriginal Points Count 5192
Pulse Sequence it CHLORQFORMD Sweep Widith (Hz) F009.52
Temperainre {degree C) 27 000
o
L
T T IR LR T ABABARERRE LRRAR
27 26 25 1.3 1.2

Mo, | (pprm) | Value
1 198 .. 2.6{150.000
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1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f)

Acquisition Time{sec)

0.4501

| Comment

Awance-300 C-13, CDCI3

Date

18 Jan2012 15:15:12

File Name

Frequency {WHz) 75.48

Nucleus

13C

Number of Transkents 231

Pulise Sequence

Zip3ibase Sokrent

CHLOROFORMD

| Original Points Couni

163058

FPoints Count

16384

Sweep Width (Hz) 18115.94

Temperature { degree C) 25.200

—115.63

w
-
L5

Chlornform-d

TT A
~7E.53

4456

37.88

36.43

he!

27.93

120

114

10

=
=]

- | Cppm)

(Hz)

Height

G482

E731

02545

19.06

14363

02121

2783

21064

03607

3551

26801

02502

3643

27498

07835

T =]

28392

1.0000

44 56

F3E3 S

03150

=] ] R ALY S FRY N

JE5E

57796

0.7055

9 | 7700

B

06428

10 774

o042 6

06564

11 [ 11218

$465.5

02182

12 11563

a7av e

01220

105

100 95

50

g5

80 75 70

M.

Annotation

{pprm)

1

Chloroforrred

77.00

55

ppm

S35
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55

a0

45

40
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1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (29)

Acquisition Time(sec) 0E759 | Comment M WRAS0055953 Date 28 May 2012 12:56:32
File Name Freguency (MHz) 300.13 Nucleuns 1H
Numberof Transients 1 | Qriginal Points Count 5124 Poinits Count o192 Pulse Sequence |
Solvent CHLORQOFCRM-D Sweep Wiith (Hz) FO0S 52 Temperature {degree C) 25.200
)J[jl_ M
l ]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
35 30 25 20 15 1.0 0s
pRm
Ma. | (ppm) {Hz) | Height Mo Annotation (pprm) Ma. | (pprm) | Value
1 726 | 27761 | 0.00G4 1 Chloroforrm-d 7.25 1 (B0 .. 261 150.000
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1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (29)

Acquisition Time(sec) 04501

| Comment

Ayance-300, C-13, CDCI3

Date 28 May 2012 12:558:40

File Name

Frequency (WHz) 7548

Nucleus

13C

Number of Transients

157 | Original Points Count

Pulse Sequence

Zopg30base

Sokvent

CHLOROFORM-D

16308 Points Count 16384

Sweep Width (Hz) 18115.94

Temperature {degree C) 26.300

110.83

Chlorml‘orm-d

7741
77.00
S —7E6.58

/

59.14

9.83

—31.49
—29.40
—2389
—22.51
13.97

27 B1

115

10

{ppm)

{Hz)

Height

Annotation (pprm)

9.83

N7

1.0000

Chloroform-d 77.00

13.97

1054.6

0.5154

2251

16993

0.4640

23.89

1803.2

0.4416

27 .61

20841

0.3661

29.40

2219.0

0.6601

31.49

23771

0.6974

59.14

44537

0.1354

76.58

5779.6

0.7381

77.00

5811.7

0.6883

7741

5842.6

0.6469

Y D _l=

110.83

53649

0.6285

=]

ppm
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7-Allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2h)

Acquisition Time(sec) 0K759 | Comment MNhREDDSD953 Date 05 Feb 2012 10:18:40
File Name Freguency (MHz) 30013 Nucleus 1H
Numberof Transients 1 |Oriqina.'Points Coant 8124 Points Count 5182 Puise Sequence Zi
Solvent CHLOROFCRM-D Sweep Width (Hz) F009.52 Temperaiure (degree C) 238300
1.0 3
EE
08 3
07 3
E
E
04
03 3
02 _EChlorolfnrm-d
—3 g
01 3 o

- A A

E A
0.0 7

S S — — e
T Tl UL L L A B I L N T L LA NS B IR LA N T T[T
7.0 G5 B0 55 50 45 40 35 30 25 20 1.5
RRm

Ma. Annotation (ppm)
1 Chloroform-d 728
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7-(1-Adamantyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2i)

Acquisition Time(sec) 0E759 | Comment MNMRADD055953 Date 05 dar 2012 1002712
File Name Freqguency (MHz) 30013 Nuclens 1H
Numberof Transients 1 | Qriginal Points Count 5124 Poinits Count 5192 Pulse Sequence zi
Solvent CHLORQOFCRM-D Sweep Wiith (Hz) F009.52 Tempearature {degree C) 27 000
| ]
R I B I R I R L R I I IR R I I IR I AL IR I L I IR L IAARLRARAR T N T T T T T T T LRARRR LA
30 29 28 27 26 25 2.4 23 22 21 20 19 18 17 16 1.5 1.4 13 1.2 1.1
pRm
Ma. | (ppm) Hz) Height Ma. Annotation (pprm) Ma. | (pprm) | Value
1 726 | 27761 | 01383 1 Chloroforrm-d 7.25 1 [56 .. 24]150.000
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7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2])

Acquisition Time(sec) 0E759 | Comment M WRAS0055953 Date 14 May 2012 110120

File Name Freguency (MHz) 300.13 Nucleuns 1H
Numberof Transients 1 | Qriginal Points Count 5124 Poinits Count o192 Pulse Sequence |

Solvent CHLORQOFCRM-D Sweep Wiith (Hz) FO0S 52 Temperature {degree C) 27.000

A

29 28 27 28 25 24 23 22 21 20 1.8 18 1.7 16 15 1.4 1.3 1.2 1.1 1.0 0.9 08 0.7 0e 05

Ma. | (ppm) {Hz) | Height Mo Annotation (pprm) Ma. | (pprm) | Value
1 725 | 21761 | 01192 1 Chlorefarm-d 725 1 70, 261 150.000
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7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2])

| Acquisition Time(sec) 04501 | Conunent Avance-300,C-13, CDCI3 Date 14 May 2012 11.01:20
File Name Frequency (MHz) 75.48
Nucleus 13C Number of Transients 493 | Ovriginal Points Count 16308 Points Count 16384
Puise Sequence zpg3dhase Sokent CHLOEQFORM-D Sweep Width (Hz) 18115.94
Temperature {degree C) 25600

Chloroforrm-d

[
=
=
T3
il
[
e
B
o
=3
[ny]
™
. &
8
i
o P
] w
™Nom
- =
I 3
MMMMMWHMMMMM
L L B L R L B L B L L L B B NI L B L L L B IR L B L L L L LR LR B L LR B IR UL LR B UL LU LR B LR L R L LU I UL LELELL ILELL LR LU L
115 110 105 100 95 a0 g4 g0 74 70 ata] B0 Lala] a0 45 40 35 30 25 20 15 10
ppm
Mo, | (pprm) Hz) Height [|Mao. | (ppm) (Hz) Height Ma. Annatation (pprm)
1284 | 9894 | 00280 ([ 8 | 4067 | 30825 | 0.4%84 1 Chlarofarm-d 77.00

23580 | 17733 | 01395 || 9 | 6752 | 50562 [ 01351
2435 | 18376 | 01332 || 10 | 76.89 | 57807 [ 0.931
2839 | 1427 | 0336 || 11 | 77.00 | 5811.6 | 0.9344
3321 | 259065 | 01107 |12 | 77.42 | 58437 | 1.0000
3875 | 2740 | 02847 || 13 | 10999 | 85018 [ D.0326
A6 | 28271 | 01573 || 14 | 11266 | 85051 | 0.0903

O | LA RO [ =
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7-Benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2K)

Acquisition Time(sec) 0K759 | Commeant MNMWB&I059953 | Date 10 Jul 2012 120728
File Name Freguency (MHz) 300.13
Nuclens 1H Number of Transients 1 |0riqr'neIPoinls Count 8124 Points Count 5192
Pulse Sequence pie] Sokent CHLOROFORMD Sweep Width (Hz) G009.52
Temperature {degree C) 27 900
I
09 :
05
07
I
E
04 3 -~
EE
SChlorgform-d

VE
01 J
0.0

| | S

LA DL LR R LR | LA L L | LN LA | T T T T T LL N L L L L DL LR (LU L L L L L LR L L L LN R LR LR IR AL LA LN R L LR L DL L LR L L L L |

7.0 BE5 B0 a0 445 40 35 30 25 20 15
RRm

i Annotation (ppm)
1 Chloroform-d 728
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1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptanes (2I)

Acquisition Time(sec) 0K759 | Comment MR AS005 9953 | Date 19 Apr 2012 14:24:00
File Name Frequency (WHz) 300,13
Nuclens 1H Number of Transients 1 | Original Points Count 5124 Points Count 5192
Pulse Sequence pie] Sohvent CHLOROFORM-D Sweep Widith (Hz) FO0S. 52
Temperature {degree C) 27 000
I
09 :
05
07
I
E
04
3 Chlnmfurm-d
03 3
07 3
E -— - l—
M .
.
0.0
[ S S S
L N T LS LA B L B L L BN N B NS BN NN BN ILAL L B L LR NN B NI B AL LR
75 7.0 BE5 B0 55 50 45 40 35 30 25 20 145 1.0
RRm
i Annotation (ppm)
1 Chloroform-d 728
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1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2I)

Acguisition Time{sec) 04501 | Comment Awance-300, C-13, CDCI3 Date 18 Jan 2012 14:43:12
File Name Frequency (MHz) 7048
MNuclens 13c Number of Transtents 92 | Qriginal Points Count 16308 FPoints Count 16354
Pulise Sequence zijpi30hase Sokrent CHLOROFORM-D Sweeap Width (Hz) 18115.94
Temperature {degree C) 27.000
o m
- L0
0o
no
S Chlnroform-d
=
=
iy
| o
Q|
k=
5
0
iy o
— -
N =
™
M
m
W
[us] —_
Ju} o =
" = -
= & T
(o]
= [iu]
-
g5
5 =
5 “
|
IIII|"''I""|"''I''"|""I''"_|.""I''"|'"'I""|'"'I""|'"'I""|""I'"'|""I"''|""I"''|""I"''|''''I""|''"I'"'|""I'"'|'"'I''"|""I'"'|""I""|""I""|""II
152 144 136 128 120 112 104 95 o] a0 72 G4 a6 43 40 32 24 16 a
pRm
MNo. | (ppm) {Hz) | Height [|Mo. | (ppm) {Hz) | Height MNo. Annotation (ppm)
1 10.38 | 783.7 | 02908 8 | F7.42 | 58437 | 03600 1 Chloroform-d Fr.00
2 | 1MB3 | 6777 | 01873 9 | 11070 | 83549 | 0.0849
3 | 2163 | 16329 | 01641 10 [ 111.08 | 8383.7 | 0.0671
4 1 3588 | ZA155 (01547 || 11 [ 12712 | 95945 | 02677
5 | B3.05 | 47589 | 01349 || 12 [ 12753 | 9625.5 | 1.0000
B | PBA7 | 57796 | 04110 || 13 [ 12879 | 9706 | 0.9570
70| 7700 | 58116 | 04348 || 14 [ 14397 [10861.7 | 0.0303
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1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2m)

Acquisition Time(sec) 0K759 | Comment MR AS005 9953 | Date 19 Apr 2012 14:258:16
File Name Frequency (WHz) 300,13
Nuclens 1H Number of Transients 1 | Original Points Count 5124 Points Count 5192
Pulse Sequence pie] Sohvent CHLOROFORM-D Sweep Widith (Hz) FO0S. 52
Temperature {degree C) 26900
I
09 :
05
07
I
E
04
03 3

ECIFIDr form-d
0z _g R | —

R - - —
0.1 3
1 . iy AN
0.0 7

S S — _ = —
LA L B I SR LA L ELE L I T T T T T T | LR T T T T T T T T
7.0 G5 £.0 55 50 45 40 35 30 25 20 15 1.0
RRm

Ma. Annotation (ppm)
1 Chloroform-d 728
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1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2m)

| Comment

Acquisition Time({sec) 04501 Ayance-300,C-13, CDCI3 Date 18 Jan 2012 13:17:52
File Name Fregquency ((MHz) 7545
Nucleus 13C Number of Transfents 101 | Original Points Count 163203 Points Count 16384
Puise Seqguence zZopgd0base Sokent CHLOROFORMD Sweep Width (Hz) 18115.94
Temperature {deqree C) 26.500
Chlorml"urm-d
b 5
5 g
= |
9
P
™ [ o
= e =
o © il
=]
E
Lo
o
=
[
o =
2 = 7 z
g = - b
= )
=
= f
(L] o
2] ]
N =2
H‘_
T T L L R L L B T UL I LA I B I T T T T LI LN LN I B I I I AL BN I B I
144 136 128 120 112 104 95 8a a0 72 G4 ] 48 40 32 24 16 a
ppm
Mo, | (ppm) {Hz) | Height [|Mo. | (pprm) {Hz) | Height Mo Annctation (ppm)
1 10,47 | 7903 | 0.7108 9 | 77.42 | 6B437 | 0.B542 1 Chlorofarm-d 77.00
2 | 1ME3 | 8776 | 04126 || 10 | 11068 | 83538 | 0.1694
3 | 2099 | 15842 | 0330 |11 | 11112 | 83670 | 0.4186
4 | 2174 | 16406 | 04780 || 12 | 127.37 | 9513.3 | 0.9908
5 | 3554 | 26823 | 05962 |13 | 12042 | 97631 | 0.7639
B | B310 | 47622 | 07774 || 14 | 13670 |10317.7 | 0.2192
7 | 7B.E7 | 5779.6 | 1.0000 || 15 | 140,89 |10633.9 | 0.35356
g | 77.00 | 58116 | 0.93893
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7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2n)

Acquisition Time(sec) 0K759 | Comment MR AS005 9953 | Date 19 Apr 2012 14:41:04
File Name Frequency (WHz) 300,13
Nuclens 1H Number of Transients 1 | Original Points Count 5124 Points Count 5192
Pulse Sequence pie] Sohvent CHLOROFORM-D Sweep Widith (Hz) FO0S. 52
Temperature {degree C) 27 000
I
09 :
05
07
I
E
04
l-—— | — b
J L_
| | ] | l |
L N B I T LI LA N ELALRL T T T L I T T T T T T T T T T
75 7.0 BE5 B0 55 50 445 4.0 35 30 25 20 14 1.0
RRm
i Annotation (ppm)
1 Chloroform-d 728
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7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptanes (2n)

Acquisition Time({sec) 04501 | Commeni Avance-300, C-13, COCH Date 19 Apr 2012 14:43:12
File Name Frequency (MHz) 7548

Nucleus 15C Number of Transients 218 | Original Points Count 16305 FPoints Count 16354

Puise Seguence zpgd0base Solvent CHLOROFORM-D Sweep Wiith {Hz) 1811594
Temperature {deqree C) 27.000

Chlorofarrm-d

=k
SR
i
. =
o
i
|
i
o 3
o -
& % =
= T o 8 X N
G & i ] o
; . | |
] I~
=
o
LI B B L L L B L I B B L L B B B L L L B L L B B L L L B L L L L L L L LI LN LN LR LR LR B LR BN IR L B
152 144 136 128 120 112 104 96 g8 80 72 64 L1 48 40 32 24 16 g 0
ppm
Mo, | (ppm) {Hz) | Height [|Mo. | (ppm) {Hz) | Height Mo, Annctation {ppm)
1072 | 8091 [ 01999 ([ 8 | 7742 | 58437 | 0.9386 1 Chloroform-d 77.00

1164 | 6788 |0.3489 |[ 9 | 1067 | 83527 | 0.15991
2159 | 16296 | 02702 || 10 | 11090 | 83704 | 0.1630
3585 | 2B53.4 | 02083 || 11 | 12086 | 91224 | 0.0640
B2.83 | 47424 | 03962 || 12 | 12926 | 9795.0 | 0.26871
78.58 | 5779.6 | 08895 || 13 | 13197 | 99605 | 0.7%94
77.00 | 55117 | 1.0000 || 14 | 14254 |107588.6 | 0.16258

~|m| M| ==
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1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20)

Acquisition Time(sec) 0K759 | Comment TJSFC mk1324.32 | Date 20 Jul 2012 12:13:52

File Name Freguency (MHz) 300.13
Nuclens 1H Number of Transients 1 | Original Points Count 8124 Points Count B182
Pulse Sequence pie] Solvent CHLORQOFORMD Sweep Width (Hz) G009.52
Temperature {degree C) 30.000

| —
hlurulfurm—d
Ly
(]
e
| -
S — | |
| INLLEL L L L L L L R L L LR LA L R INLLEL R R L L LR INNLEL N R L AL RN (LU LR DL R LA LR LR L L L L L L LR L L L L LA RN LR R INLUNL L L B NN R LU L LR AL BLENL AL L BN L DL BN L |
75 7.0 B5 B0 55 50 45 40 35 30 25 20 15 1.0
RRm
Ma. Annotation (ppm)
1 Chloroform-d 728
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1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20)

Acquisition Time {sec) 0.8643 | Comment Ayance-300, C-13, COCI3 Date 20 Jul201212:1808
Fife Name Frequency (MHz) 7548
Nucleus 13¢C Number of Transkents 128 Original Points Count 16308 Points Count 163584
Pulse Sequence zipgblbase Sokrent CHLOROFORMD | Sweep Width (Hz) 18867 .92 Temperature {degree C) 30.000
Lo
«©
[un}
Q
=
=
) Chloraforrn-d @
£ =
al =3 i3
e
[ ey ]
I & o
r_,'? l

—8.33

111.82

5

Il

130 125 120 15 10 105 100 a5 a0 a5 a0 75 70 G5 50 55 a0 45 40 35 i 25 20 15 10 5
Chemical Shift (ppm)

=
=]

DO~ | QA PO —

{ppm) (Hz) | Height Mo, | Annotation {ppm)
8.33 | 629.1 | 0.3163 1 | Chloroform-d | 77.00
986 | 7212 | 08757
5548 | 41878 | 0.6632
76.57 | 57794 | 0.5547
77.00 | 58116 | 061593
7743 | 58435 | 08244
111.82 | 84358 | 02216
1225 | 84720 | 0.0577
125,69 | 9486.6 | 0.0900
127.05 | 95891 | 0.6BS3
128.85 | 9725.0 | 1.0000
130.70 | 9864.4 | 0.8021

pis)

)

ra
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7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p)

| Acquisition Time(sec) 0K759 | Comment MiARSD053953 | Date 30 May 2012 15:36:32
File Name Freguency (MHz) 300.13
Nuclens 1H Number of Transients 1 | Original Points Count 8124 Points Count 5152
Pulse Sequence pie] Solvent CHLORQFORM-D Sweep Widith (Hz) GO09.52
Temperature {degree C) 26700

- Iurmro m-d
VE
RRE ﬁi
[— [—
T

A 7.0 6.5 g.0 5.5 a0 4.5 4.0 35 3.0 25

ppim

Ma. Annotation (ppm)
1 Chlaroform-d 7.25

S51



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p)

Acquisition Time {(sec) 0.9002 | Commnent Avance-300, C-13, CDCI3 Date 30 May 2012 15:358:40
File Name Frequency (WHz) 7548
MNuclus 13 Number of Transients 245 Original Points Count 16308 Points Count 16384
Pulse Sequence zopr3lhase Solvent CHLORCFORM-O | Sweep Widih {H2) 1811594 Temperature (degree C) 25800
o
E Chlaroform-d
=
9S
o P
i
e
-
-
]
8
a2l = 3
@ =1 2= 2
™ - T o
= = I ™ =
i o o
ITe} m
o

135 130 125 120 15 110 105 100 95 a0 85 80 75 70 65 B0 55 50 45 40 35 30 25 20 15 10
Chemical Shift (ppm)

Ma. [ (ppm) Hz Height || Mo. [ (ppm) Hz) Height Mo. | Annotation {ppm)
1 1012 | 763.8 |0.19534 9 | 12545 | 9468.5 | 0.0962 1 | Chloroform-d | 77.00
2 | 3019 | 22787 | 01434 || 10 | 12667 | 9560.2 | 0.3411
3 | 60.94 | 45997 | 02812 || 11 [127.18 | 95989 | 1.0000
4 | 7B.58 | 57796 | 08442 || 12 [ 12861 | 9707.3 | 0.6548
5 | 7700 | 58117 | 09062 || 13 [128.73 | 9716.2 | 0.8115
6 | 77.42 | 58437 | 0.8861 14 | 12879 | 97206 | 0.6382
7o 11171 | 84312 | 02623 || 15 | 13068 | 9863.2 | 0.2606
8 | 11219 | 84677 [ D120 || 16 [ 137.38 | 103668.6 | 0.1924
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1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2q)

Acquisition Time(sec) 0K759 | Commeant AGOR MHOOZ3 | Date 19.Jul 2012 1405904

File Name Frequency (MHz) 30013
Nuclens 1H Number of Transients 1 | Original Points Count 5124 Points Count B182
Pulse Sequence pie] Sokent CHLOROFORMD Sweep Width (Hz) GO0
Temperature {degree C) 27 BOO

3h|0rml°0rm—|:|

[—
™ L B B L B L L L L L L L B L B HL L B AL N
75 z0 6.5 6.0 545 50 4.5 4.0 345 3.0 25
ppim
Ma. Annotation (ppm)
1 Chlaroform-d 7.25
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1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2q)

Acquisition Time (sec) 0.9002 | Comment Avance-300, C-13 CDCIH Date 19 Jul 2012 14:09:04
File Name Frequency (VHz) 7548

Nucleus 13C Number of Transients 226 | Ovriginal Points Count 16308 Points Count 16384

Pulse Sequence zipgdlbase Solvent CHLORCFORM-D Sweep Width (HZ) 158115.94
Temperature {(deqree C) 27 500

Chlorolform-d

7742
—77.00
76.58

S
Y

—127.15

—130.83
—128.95

12563

o
o™
o

—HhB.62

—B.57

R I L UL LR RN LR UL I LR UL LR LN L LN UL LN LR LR LR LR LR LR R LR
130 125 120 115 110 105 100 95 90 85 80 75 70 B5 50 55 50 45 40 ) 30 25
Chemical Shift (ppm)

Mo, | (ppm) (Hz) | Height Mo, | Annotation (ppm)
857 | 6466 | 01273 1 | Chloroform-d | 77.00
5662 | 42735 | 0.1169
76.58 | 67796 | 0.9565
77.00 | 5811.7 | 1.0000
7742 | 58437 | 0.9634
113,29 | 85507 | 0.1487
12563 | 94817 | 0.2292
12715 | 9596.7 | 0.7896
125,95 | 97327 | 04370
130,83 | 9874.3 | 04795

W00~ T e | Q| B =

[}
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7-Benzyl-1,4-diphenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2r)

S55

Acquisition Time{sec) 0R759 | Commnent AGOR NHOOZ3 | Date 30 Jul 2012 09:44:32
File Name Frequency (MHz) 30013
MNucleus 1H Number of Transienits 1 | Original Points Count 8124 Points Couni g192
Pulse Sequence Zi] Sokent CHLOROFORMD Sweap Width (Hz) FO09EZ
Temperature {deqree C) Z7.000
| I | | e
?.IS ?.IEI I E.I5 I E.ID I 5.I5 I 5.ID fl.|5 d.IEI 3.I5 3.ID
Ppm
Mo Annotation (pprm)
1 Chloroforrm-d 7.25
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7-Benzyl-1,4-diphenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2r)

Acquisition Time {sec) 04501 | Comment Avance-300 C-13, CDCI3 Date 30 Jul 2012 09:50:56
File Name Frequency (VHz) 75.48
Nucleus 13cC Number of Translents 367 | Ovriginal Points Count 16308 Points Count 163684
Pulse Sequence znpndlbase Solvent CHLOROFORM-D Sweeap Width(Hz) 18115.94
Temperature {deqree C) 25.000
Chloroformm-d
w0 \
d o
& 83
o f B
Y
= [
o e
s
NN
B |l|e? m o
— [ ] o [iv]
3 | | = o & =
[ 's T | ]
& | !
' | L
LA RN RN RN RN RS ML LARAS LA ALY RARAERALY RARAR LRSS LARAY IRARER T T T RN RRRAN LARSN IARRRA AR T T IAASH RARAN RARRE RRLRY: T T A RAARE AARAN RRRREE
140 135 130 125 120 114 110 105 100 a5 an a5 a0 74 70 ] B0 ] a0 45 40 K] 3n
ppm
MNa. | (ppm) (Hz) | Height [|Mo. | (ppm) (Hz) | Height Mo, Annctation (ppm)
1| 3005 | 2588 | 01239 || 8 | 12520 | 95249 | 0227 1 Chloroform-d 77.00
2| B292 [ 47400 | 070 (| 8 (12735 | 95122 [ 1.0000
3 | 7EAB | 57796 | 09821 || 10 [ 12819 | 95753 | 03617
4 | FFO0 [ &B11.F | 0951 (| 11 [ 128R9 | 97120 | 0.2062
5 | 7743 | 58437 | 08646 || 12 | 12876 | 97184 [ 07473
B | 11323 | 85463 | 01451 || 13 [ 13071 | 98865 | 02547
7| 12530 | 9457 4 | 01844 || 14 | 13754 | 103507 | 0.0528
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HRMS of p-diketone
3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j)

__ Display Report -

Analysis Info Acquisition Date  6/4/2012 4:21:43 PM
Analysis Name  D:\Data\ChizhoviNikishin\Terentiev\Yaremenko'b-426_low.d
Method tune_low.m Operator BODAL@DE
Sample Name  /TERN B-426 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, no calibrant added
;;:quisltlon Pgmeter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500 V Set Dry Gas 4.0 ¥min
Scan End 3000 miz Set End Plate Offset  -500 V Set Divert Valve Waste
Tens{ = - ' — <MS, 0.0-1.0min #(1-59)
x109 o 5
5754043
251
2.01
2391974
1.5
1.01
0.51
o,oq_-h-_,_-f.__,_.la[l]ld ; MJ_I.L . " . . . —
500 1000 1500 2000 2500 miz
Intens. +MS, 0.0-1.0min #(2-59)
X109 299.1975
1.59
1.04
0 2172157 294.2419 |
-t C18H2802, M+nH ,277.22
2000 277.2162
1000
0 |
C18H2802, MynNH4 ,294.24/
2000 294.2428
1000
0 |
C18H2802, MynNa ,299.20
2000 299.1982
10001
0 ; - ey | . A .
275 280 285 290 295 300 mz
Bruker Compass DataAnalysis 4.0 printed:  6/4/2012 6:10:44 PM ‘ Page 1 of 1
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HRMS of tetraoxanes

1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a)

Display Report

Analysis Info

Acquisition Date

Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko'bb20 1&clblow.d

Method

tune_low.m Operator

5/11/2012 2:57:00 PM

BDAL@DE

Sample Name  /TERN BB201 Instrument / Ser# micrOTOF 10248

Comment

CHB3CN 100 %, dil. > 1, calibrant added

Acquisition Parameter
ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Not active Set Dry Heater 180 °C
50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste

Source Type
Focus

Scan Begin
Scan End

Intens.
x105

1.257

1.001

0.751

0.50

0.25

0.00

338.3411

680.4800

1043.7431

| TR TRy |

“MS, 0.0-1.0min #2-60)

500 ' " 1000 ' " 1500 o 2000

2500 T Tmz

Intens
x104
1.59
1.0
0.57

160.0765

133.0487 l

130.1591
il i 1800650 144.9822

A

IS, 0.0-1.0min #(2-60)
155.0318

168.9643

157.0844 161.1647

0.0
2500
200073
15001
10007

5001

133.0485

C5HBOZ, M+nH .133.05|

0
25004
200043
15001
10001

5001

CB5HBO04Z, M+nNa ,155.03|
165.0315

'150"I'1§‘35' "1‘;0"' 1"15""150

Bruker Compass DataAnalysis 4.0 printed:  5/11/2012 2:59:36 PM
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1-I1sobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b)

Display Report

Analysis Info
Analysis Name

Acquisition Date

D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\b419_&clblow.d

4/23/2012 5:16:47 PM

Method tune_low.m Operator BDAL@DE
Sample Name  /TERN B-419 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 €
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
Intens. +MS, 0.0-1.0min #(2-60)
x105
338.3410
1.5
1.0
0.54
711.5744
922.0106 1521.9704 2121.9327
0.0+ LlluLl LLL. N N
500 1000 1500 2000 2500 m/z
Intens. +MS, 0.0-1.0min #(2-60)
x1195_ 186.2219 192.1235
1.0 175.0969
0.5 ) 195.1353197.0787
A
0.0 CBHT404, MenH 175.10
20001 175.0965
10007
0 "
C8H1404, M+nNH4 ,192.12
2000+ 192.1230
1000
O A
C8H1404, M+nNa ,197.08|
20004 197.0784
10004
0 T T T T T L T
175 180 185 190 195 m/z
Bruker Compass DataAnalysis 4.0 printed:  4/23/20125:21:16 PM Page 1 of 1
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1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2c)
Display Report
Analysis Info Acquisition Date  5/11/2012 3:38:04 PM
Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\bb204_&cliblow.d
Method tune_low.m Operator BDAL@DE
Sample Name  /TERN BB204 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset ~ -500 V Set Divert Valve Waste
Intens. +MS, 0.0-1.0min #(2-59)|
%1
’ 338.3411
1.25
1.00+
0.75-
0.50
0.25
922.0097 1521.9707 2121.9336
0.00- L ..uml ! - \ : .
500 1000 1500 2000 2500 m/z
Intens.d +MS, 0.0-1.0min #(2-59)|
X104 206.1393
3.
2<
11 211.0941
N 20tz 208.1449 209.1850 212.1076
2508- C9H1604, M+nNH4 ,206.14]
- 206.1387
15004
10003
5004 207.1420
1
2508- C9H1604, M+nNa ,211.09
20004 211.0941
15004
10004
5004 212.0974
(e T : T ; r . L -
205 206 207 208 209 210 211 212 213 m/z
Bruker Compass DataAnalysis 4.0 printed:  5/11/2012 3:42:04 PM Page 1 of 1
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1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d)

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

tune_low.m
/TERN BB-226

Acquisition Date  6/18/2012 5:41:58 PM

D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko'\bb-226&clblow.d

Operator

CH3CN 100 %, dil. 2, calibrant added

BDAL@DE
Instrument / Ser# micrOTOF

10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
Scan End 3000 m/z

lon Polarity

Set Capillary
Set End Plate Offset

Positive Set Nebulizer

Set Dry Heater

4500 V
-500 V

Set Dry Gas

Set Divert Valve

0.4 Bar
180
4.0 l/min
Waste

Intens.
x105
8_

183.0623

5 | 201 '.1 484

223.1304
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1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2e)

Display Report
Analysis Info Acquisition Date  1/16/2012 11:22:44 AM
Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\b364&clb$low.d
Method tune_low.m Operator BDAL@DE
Sample Name  /TERN B-364 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 2, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
Intens. +MS, 0.0-1.0min #(1-59)
X109
4 270.1707
522.3057
34
24
|
il ,Alm,l.n ol ), S350 ,
500 1000 1500 2000 2500 m/z
lmens5 +MS, 0.0-1.0min #(1-59)
x10 270.1707
253.1443 BT068
2]
- 259.1305 . 275.1117 279.1597 .
30083 C14H2004, MenH 253,14
20001 253.1434
10007
30083 C14H2004, MnNF4 270.17
20001 270.1700
10007
] A
3008 C14H2004, MinNa 275.13
20001 275.1254
1000
3008 C14H2004, MK 287,10
20004 291.0993
10009
0 —r + T T T o e T r T L T
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1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f)

Display Report

Analysis Info Acquisition Date  5/21/2012 2:43:07 PM
Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\bb-149_&clblow.d
Method tune_low.m Operator BDAL@DE
Sample Name  /TERN BB-149 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.01/min
Scan End 3000 m/z Set End Plate Offset ~ -500 V Set Divert Valve Waste
Intens.. | +MS, 0.0-1.0min #(1-59)
x105
360.3229
1.254
1.00+
0.751
0.504
697.6584
0.251 186.2218
1034.9917
0.00-—ILLuRURRLL L AL, it — . ; , —
500 1000 1500 2000 2500 m/z
Intens. +MS, 0.0-1.0min #(1-59)
289.1331
6000+ 284.1859
4000
20001 288.2884 290.2687
285.1857 286.3083 291.1893
A x A Lhn
2508- C15H2204, M+nNH4 284.19|
20001 284.1856
15004
10004
5001 285.1890
| 286.1923
2508 GT5H2204, MnNa 289,14
5601 289.1410
15004
10007
5004 290.1444
0 291.1477
284 285 286 287 288 289 290 291 292 miz
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1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (29)

Display Report

Analysis Info Acquisition Date  5/25/2012 4:55:49 PM
Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\bb207_&clblow.d
Method tune_low.m Operator BDAL@DE
Sample Name  /TERN BB207 Instrument / Ser# micrOTOF 10248
Comment CHB3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 €
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.01/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
Intens. +MS, 0.0-1.0min #(2-59),
x105
p5] 241700
2.0
1.54
1.0
0.5
680.4804
0.04 l LLmL. 977(.8352
500 1000 1500 2000 2500 m/z
Intenss.- +MS, 0.0-1.0min #(2-59),
x10 234.1700
2] o1 1435 255.0993
| : 239.1254 246.2423
3008- C11H2004, M+nH ,217.14]
2000 217.1434
10004
3008- . C11H2004, M+nNH4 ,234.17|
20003 234.1700
10004
30083 : CTTH2004, MnNa 238,13
5000 239.1254
10004
3008- * C11H2004, M+nK ,255.10
20001 255.0993
10004
0 T T T T T T T T — T
215 220 225 230 235 240 245 250 255 260 m/z
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7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2])

Display Report

Analysis Info Acquisition Date  6/4/2012 3:10:53 PM
Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\bb-208low.d
Method tune_low.m Operator BDAL@DE
Sample Name  /TERN BB-208 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 1, no calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
Intens. +MS, 0.0-1.0min #(1-59)
X104
673.4057
31 >/
2 299.1979
1_
993.6307
1370.8727
0+ == . :
500 1000 1500 2000 2500 m/z
Intens. ] +MS, 0.0-1.0min #(1-59)
x1043 331.1875
1.0
326.2317
£ $132099 15 1819
ol o | &5 18 osad 3242176 P i L 335.2113
' C18H2804, M+nH ,309.21
20007 309.2060
10007
ol |
b C18H2804, M+nNa,331.19
2000 331.1880
1000
0] |
C18H2804, M+nNH4 ,326.23
" 326.2326
10001
0 T T T T l T T
310 315 320 325 330 335m/z
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1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2I)

Display Report

Analysis Info Acquisition Date  4/23/2012 4:54:42 PM
Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\b416_&clblow.d

Method tune_low.m Operator BDAL@DE

Sample Name  /TERN B-416 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set End Plate Offset ~ -500 V Set Divert Valve Waste

Intens. +MS, 0.0-1.0min #(1-59)
x1051

254.1394
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1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2m)

Display Report

Analysis Info Acquisition Date 4/23/2012 5:40:14 PM
Analysis Name D:\Data'\ChizhoVviNikishin'TerentieviYaremenko\b421_&clblow.d

Method tune_low.m Operater BDAL@DE

Sample Name /TERN B-421 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added

Acquisition Parameter

Scurce Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste

Intens. +bi3. (k8s.Omin #(2-59)
x108

0.759 274.2736
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7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2n)

Display Report

Analysis Info Acquisition Date  4/23/2012 6:00:25 PM
Analysis Name  D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\b423_low.d
Method tune_low.m Operator BDAL@DE
Sample Name  /TERN B-423 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, no calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 €
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 /min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
Intens. +MS, 0.0-1.0min #(2-60)
x10% 338.3410
6<
5.
4<
360.3228
3_
274.2750
2..
381.2963
1] 302.3057
413.2662
246.2446
bl T I.LI..L .__'L. P ! .
250 300 350 400 450 500 550 m/z
Intens. +MS, 0.0-1.0min #(2-60)
x10% 352.9777
1.5 5
1.03
0.5
0.0 C13H15BrO4, M+nH ,315.02
1.
0_
E C13H15BrO4, M+nNa 337.01
1_
0_
= C13H15BrO4, M+nK ,352.98
20001 352.9785
1000+
352.85 352.90 352.95 353.00 353.05 353.10 353.15 35320  miz
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1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20)

Display Report
Analysis Info Acquisition Date 7/25/2012 6:37:39 PM
Analysis Name D:\Data\khemchyan'daily\249.d
Method tune_low.m Operator BDAL@DE
Sample Name 249 Instrument maxXis 43
Comment Solvent: MeCN
Yaremenko |
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 3000 m'z Set Collision Cell RF  300.0 Vpp Set Divert Valve Source
Intens. +MS, 0.0-1.0min #{1-58)
209.0807
60004 105.0361
40004
338.3407
247.0362
20004
134.0734
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7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p)

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

D:\Data\Chizhov\Nikishin\Terentiev\Yaremenko\bb-215_low.d
tune_low.m

/TERN BB-215

CH3CN 100 %, dil. 200, no calibrant added

Operator

Acquisition Date

Instrument / Ser# micrOTOF

6/4/2012 4:06:52 PM

BDAL@DE
10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
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1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2q)

Display Report

Analysis Info Acquisition Date  7/31/2012 11:40:22 AM
Analysis Name D:\Data\khemchyan\MS service @ IOC\Yaremenko \31_07_2012\252.d
Method tune_low.m Operator BDAL@DE
Sample Name 252 Instrument maXis 43
Comment Yaremenko
MeCN
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 <C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 /min
Scan End 3000 m/z Set Collision Cell RF  300.0 Vpp Set Divert Valve Source
Intens. { +MS, 0.0-1.0min #(1-58)
1 288.1231
3000+
00 381.1301
309.0521
20004
1000+
0 FEETH TS (WY antbio g I;ll, L LllL LLl L
100 150 200 250 300 350 400 450  miz
] +MS, 0.0-1.0min #(1-58)
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2000+
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\ 288.2895 /\ 290.2693
0 N\
2880 2885 " To2g90 "o895 200 maz
C16H1404, M+nNH4 ,288.12
2000 288.1230
1500+
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0 289.1264
] 290.1297
0 A
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7-Benzyl-1,4-diphenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2r)

Display Report

Analysis Info Acquisition Date  7/31/2012 11:54:45 AM
Analysis Name D:\Data\khemchyan\MS service @ I0C\Yaremenko \31_07_2012\254.d
Method tune_wide.m Operator BDAL@DE
Sample Name 254 Instrument maXis 43
Comment Yaremenko
MeCN
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set Collision Cell RF~ 1200.0 Vpp Set Divert Valve Waste
Intens. { +MS, 0.0-1.0min #(1-58)
x1041
3.0] 381.1305
2.5
2.0
157
1.0
] 359.1487
0.57 397.1043
i 0: 274.2755 315.1385 u l ILI. ; J‘L L .
T 250 275 300 325 350 | 375 400 425 1450 475 m/z
+MS, 0.0-1.0min #(1-58)
364.1539
1500
1000
500 365.1576
] J l 367.2800
o.M P
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C22H1804, M+nNH4 ,364.15
2000 ] 364.1543
1500
1000:
500 365.1577
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0 A
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IR spectrum of diketone

3-(1-Adamantyl)-6-methylheptane-2,4-dione (1j)
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IR spectra of tetraoxanes
1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2a)
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1-1sobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2b)
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1-Ethyl-4-isobutyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2c)
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1,4-Di-tert-butyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2d)
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1-(1-Adamantyl)-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2€)
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1-(1-Adamantyl)-4-ethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2f)
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1,4-Dimethyl-7-hexyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (29)
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7-Allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2h)
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7-(1-Adamantyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2i)
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7-(1-Adamantyl)-1-isobutyl-4-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2])
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7-Benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2K)
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1,4-Dimethyl-7-(1-phenylethyl)-2,3,5,6-tetraoxabicyclo[2.2.1]heptanes (2I)
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1,4-Dimethyl-7-[1-(4-methylphenyl)ethyl]-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2m)
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7-[1-(4-Bromophenyl)ethyl]-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2n)
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1,7-Dimethyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (20)
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7-Benzyl-1-methyl-4-phenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2p)
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1,4-Diphenyl-7-methyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2q)
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7-Benzyl-1,4-diphenyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane (2r)
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Monitoring of the PMA-catalyzed reaction of pentane-2,4-dione 1a with H,0O,

O O H,0, , PMA o-fo
M g o N ©
CD4CN

1a 2a

A 37% aqueous H,0O, solution (115.8 mg, 1.26 mmol) and phosphomolybdic acid (PMA) (133.2
mg, 0.06 mmol) were successively added to a solution of diketone la (42 mg, 0.42 mmol) in
CD3CN (0.7 mL) at room temperature in an NMR tube. The course of the reaction was monitored in
an NMR tube.

Pentane-2,4-dione 1a: *C NMR (75.48 MHz, CDsCN), &: 24.9 (CHs), 31.0 (CHs), 58.7 (CHy),
101.1 (CH), 192.7(C(0)), 204.0 (C(O)). CH3sCOOH: *C NMR (75.48 MHz, CDsCN), &: 20.73
(CH3), 173.21 (CO). **C NMR for acetic acid **.
1,4-Dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane 2a: *C NMR (75.48 MHz, CDsCN), &: 10.7
(CHs), 51.2 (CH,), 111.0 (OCO).
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Monitoring of the PMA-catalyzed reaction
of 3-benzylpentane-2,4-dione 1k with H,0,

1k

A 37% aqueous H,0; solution (55.1 mg, 0.60 mmol) and phosphomolybdic acid (PMA) (63.4 mg,
0.027 mmol) were successively added to a solution of diketone 1k (38.2 mg, 0.20 mmol) in CD3;CN
(0.64 mL) at room temperature in an NMR tube. The course of the reaction was monitored in an
NMR tube.

3-Benzylpentane-2,4-dione 1k: *C NMR (75.48 MHz, CDsCN), &: 23.6 (CH5*™), 30.4(CHs), 33.3
(CH,™Y, 34.5 (CH,), 69.4 (CH), 109.6 (C*"), 127.1, 127.4, 128.5, 129.5, 129.6, 129.7 (CHa),
139.8(Car), 141.3 (C*™), 193.2 (CO™™'), 204.9 (CO).
(1,4)-7-Benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.1]heptane 2k: *C NMR (75.48 MHz,
CD3CN), &: 10.0 (CH3), 30.8 (CHy), 60.0 (CH), 111.7 (OCO), 118.24, 127.6, 129.6, 130.0 (CHay),
138.9 (Ca).
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