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Figure S3. 'H NMR spectrum of 1 in CDCls.
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Experimental and GIAO NMR calculated data for 3R*,45*,75*-1 (isomer

1) and 3R*,4S* 7R *-1 (isomer 2) following the STS method. (a) Data were generated
following the STS method without further dichloro correction. (b) Data were generated

following the STS method with further correction for dichloro carbon (marked in red).

Figure S31.

Experimental and GIAO NMR calculated data for 3R*,45*,75*-2 (isomer

1) and 3R*,4S5* 7R *-2 (isomer 2) following the STS method. (a) Data were generated
following the STS method without further dichloro correction. (b) Data were generated

following the STS method with further correction for dichloro carbon (marked in red).

Figure S32.

Experimental and GIAO NMR calculated data for 7Z-3 (isomer 1) and 7F-

3 (isomer 2) following the STS method. (a) Data were generated following the STS

method without further dibromo correction. (b) Data were generated following the STS



method with further correction for dibromo carbon (marked in red).
Table S1. 'H and '*C NMR spectroscopic data of 3, 4, and 5 in acetond-ds.

Table S2. Comparison of specific optical rotations and selected NMR data of synthetic
halogenated monoterpenes.
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Figure S1. (+)-EIMS spectrum of 1.
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Figure S3. 'H NMR spectrum of 1 in CDCls,
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Figure S5. DEPT135 (upper) and DEPT90 (lower) spectra of 1 in CDCls.
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Figure S6. HSQC spectrum of 1 in CDCls.
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Figure S7. COSY spectrum of 1 in CDCls.
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Figure S8. HMBC spectrum of 1 in CDCls.
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Figure S9. NOESY spectrum of 1 in CDCls.
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Figure S10. (+)-HRCIMS spectrum of 2.
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Figure S11. Enlarged (+)-HRCIMS spectrum of 2.
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Figure S12. 'H NMR spectrum of 2 in CDCl3.
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Figure S13. '3C NMR spectrum of 2 in CDCls.
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Figure S14. DEPT135 (upper) and DEPT90 (lower) spectra of 2 in CDCls.



I 1

HSQC
ur2-5-2

W@

<D0 0> 0

5.5 5.0 4.5 4.0 3.5 3.0 2.5
2 (ppm)

Figure S15. HSQC spectrum of 2 in CDCls.
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Figure S17. HMBC spectrum of 2 in CDCls.
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Figure S19. (+)-HRCIMS spectrum of 3.
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Figure S20. Enlarged (+)-HRCIMS spectrum of 3.
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Figure S21. '"H NMR spectrum of 3 in CDCls.
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Figure S22. *C NMR spectrum of 3 in CDCls.
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Figure S23. '"H NMR spectrum of 3 in acetone-ds.
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Figure S24. 3C NMR spectrum of 3 in acetone-ds.
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Figure S25. DEPT135 (upper) and DEPT90 (lower) spectra of 3 in acetone-d.
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Note:
|Pmean > 5% is the confidence interval
MAE 1.27 MAE 1.27
Note: RMS 1.51 RMS 1.50
sp carbons include C=N Prcan 21.71% Prean 22.28%
sp2-CH/C for double bonds except carbonyl group Prel 43.55% Prel 56.45%
|C=0 includes only ketones and aldehydes Isomer 1 Isomer 2
Shielding tens|Corr Shielding |Caled 5 |Caled & (Sqabs dev 1P |Shielding tens|Corr Shielding Caled 6 |Caled & (Sqabs dev 1P 8
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Cc-Cl sp3-CH2/CH/C 716 116.2302597|  124.6409403 71.85 7225 0.65 0.56  116.0448467 12447 72.03 72.37 0.77 0.49
sp2-CH 1338 66.10566204| 66.10566204 132.71 133.01 0.79 0.61  65.93316549 65.93 | 132.87 133.11 0.69 0.65
sp2-CH 1304 66.24832935| 68.24832935 130.71 131.02 0.62 0.69 68.11119355 68.11 | 130.84 131.08 0.68 0.66
C-Br sp3-CH2/CH/C 60.4 1239684263  137.8868988 58.26 58.67 1.73 012 123.9459762 13786 | 58.28 58.65 1.75 0.11
C-Cl sp3-CH2/CH/C 713 114.9072049) 123.4473614 73.08 73.47 2.17 0.05 1146281229 123.38 73.15 73.49 2.19 0.05
sp2-CH 139.8  60.74581305|  60.74881305 137.70 138.00 1.80 024  60.80547012 60.81 | 137.65 137.88 1.92 0.21
sp2-CH2 116.4 80.70268373| 80.70268373 115.85 116.17 0.23 0.60  B80.60929049 80.61 | 115.94 116.20 0.20 0.65
sp3-CH3 249 1714031183 171.4031183 23.83 24.29 0.61 0.56  171.1996226 17120 | 24.04 2447 0.43 0.68
sp3-CH3 256 171.307225 171.307225 23.93 24.39 1.21 024  171.4205303 171.42 2381 24.24 1.36 0.19
! |
(b)
Note:
Pmean > 5% is the confidence interval
MAE 1.07 MAE 1.16
Note: RMS 1.33 RMS 1.41
sp carbons include C=N B 28.75% P 25.43%
sp2-CH/C for double bonds except carbonyl group Prel 77.33% Prel 22.67%
C=0 includes only ketones and aldehydes Isomer 1 Isomer 2
Shielding tens|Corr Shielding |Caled 3 |Caled 3 (S{abs dev P |Shielding tens|Corr Shielding (Caled 3 JCaled 5 (SQabsdev 1P s
None sp3-CH2/CH/C 784 121.1445606| 121.1445606 75.44 76.40 2.00 0.07 121.306514 121.31 75.28 76.18 222 0.05
Cc-Cl sp3-CH2/CH/C 716 116.2302597] 124.6409403 71.85 72.82 1.22 027 116.0448467 12447 | 72.03 72.94 1.34 0.23
sp2-CH 1338 66.10566204|  66.10566204 132.71 133.47 0.33 0.83  65.93316549 65.93 | 132.87 133.56 0.24 0.87
sp2-CH 1304 068.24832035| 68.24832935 130.71 131.48 1.08 048  68.11119355 68.11 | 130.84 131.53 1.13 0.46
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sp2-CH 1398 60.74881305] 60.74881305 137.70 138.44 1.36 0.38  60.80547012 60.81 | 137.65 138.32 1.48 0.34
sp2-CH2 1164  B80.70263373| 80.70268373 115.85 116.66 0.26 0.54  80.60929049 80.61 | 115.94 116.69 0.29 0.51
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Figure S30. Experimental and GIAO NMR calculated data for 3R*,45*,75*-1 (isomer 1) and 3R*,45* 7R *-1 (isomer 2) following the STS
method. (a) Data were generated following the STS method without further dichloro correction. (b) Data were generated following the STS

method with further correction for dichloro carbon (marked in red).
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Note:
Pmean > 5% is the confidence interval
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Shielding tens|Corr Shielding ]Caled 8 JCaled 5 (S{abs dev ] |Shielding tens|Corr Shielding 1Caled & Caled 5 (Sqabs dev 1P s
None sp3-CH2/CH/C 784 121.1445606] 121.1445606 75.44 76.49 1.91 0.09 21.306514 121.31 75.28 76.28 2.12 0.06
c-Cl sp3-CH2/CH/C 718 116.2302507| 124.6409403 71.85 7291 1.11 032 116.0448467 12447 72.03 73.04 1.24 0.26
sp2-CH 1345 66.10566204] 66.10566204 132.71 133.59 0.91 0.56  65.93316549 65.93 | 132.87 133.68 0.82 0.59
sp2-CH 1298 68.24832935| 68.24832935 130.71 131.60 1.80 024 6811119355 68.11 | 130.84 131.66 1.86 0.23
c-Cl sp3-CH2/CH/C 679 1239684263 131.6223142 64.69 65.77 2.13 0.05 123.9459762, 131.60 | 64.71 65.74 2.16 0.05
c-Cl sp3-CH2/CH/C 717 1149072949 123.4473614 73.08 74.13 2.43 0.03  114.8281229 12338 73.15 74.16 2.46 0.03
sp2-CH 195 60.74381305| 60.74881305| 13770 138.57 0.93 0.54  60.80547012 60.81 | 137.65 138.44 1.06 0.49
sp2-CH2 116.5 80.70268373| 80.70268373 115.85 116.78 0.28 0.52  80.60929049 80.61 | 115.94 116.80 0.30 0.49
sp3-CH3 25 171.4031183| 1714031183 23.83 25.03 0.03 0.98 171.1996226, 171.20 | 24.04 2522 0.22 0.83
sp3-CH3 249 171.307225 171.307225 23.93 25.13 0.23 0.82  171.4205303 17142 | 23.81 24.99 0.09 0.93
| \
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Figure S31. Experimental and GIAO NMR calculated data for 3R*,45*,75*-2 (isomer 1) and 3R*,45*7R*-2 (isomer 2) following the STS
method. (a) Data were generated following the STS method without further dichloro correction. (b) Data were generated following the STS

method with further correction for dichloro carbon (marked in red).
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Note:
Pmean > 5% is the confidence interval
MAE 4.69 MAE 6.60

Note: RMS 7.14 RMS 8.93
sp carbons include C=N I #NUM! Prean #NUM!
sp2-CH/C for double bonds except carbonyl group Prel #NUM! Prel #NUM!
C=0 includes only ketones and aldehydes Isomer 1 Isomer 2

Shielding tens| Corr Shielding (Calcd 3 JCaled & (Sqabs dev ] | tens] Corr Y Caled 5 | Caled & (sqabs dev s
Noune sp2-CH2 1165 8041362258 80.41362258 116.13 114.27 2.23 0.00 80.58313663 80.58 | 115.96 113.66 2.84 0.00
None sp2-CH 1395 61.61190838| 61.61190888 136.90 136.26 3.24 0.04 61.1942225 61.19 | 137.29 136.23 3.27 0.03
C-Cl sp3-CH2/CH/C 719 1150610618 123.58609 72.94 68.55 335 0.00 1152529073 123.76 72.76 67.95 395 0.00
C-Cl sp3-CH2/CH/C 68.8 120.4282047) 128.4283263 67.97 63.28 5.52 0,00 120.1858022 128.21 68.19 63.11 5.69 0.00
None sp2-CH 1302 66.36261831| 68.36281881 130.61 129.60 0.60 0.70  £5.37133991 65.37 | 133.39 132.11 1.91 0.22
None sp2-CH 1283 70.03796712| 70.03796712 129.05 127.95 0.35 0.82 75.0720184 75.07 | 124.36 122.55 5.75 0.00
None sp2-C 1385 60.16600267)  60.16600267 139.08 138.58 0.08 0.97  £1.99002443 61.99 | 137.29 136.24 2.26 0.24
C-Cl sp2-CH 117.2 70.51053%4 76.6679155 122.87 121.41 4.21 0.01  £6.35225454 72.58 | 126.68 125.00 7.80 0.00
None sp3-CH3 251 1710685685 171.0685685 24.18 16.93 8.17 0.00 1716924108 171.69 23.53 15.86 9.24 0.00
C-Br sp3-CH2/CH/C 337 124.0980213| 138.0137334 58.13 52.87 19.17 0.00 8738 133.84 62.41 56.99 2329 0.00

\[ 1 B Crl) -

(b)
Note:
Pmean > 5% is the confidence interval
MAE 1.57 MAE 3.17

Note: RMS 2.20 RMS 3.90
sp carbons include C=N P 11.24% Prcwn 0.51%
sp2-CH/C for double bonds except carbonyl group Prel 100.00% Prel 0.00%
C=0 includes only ketones and aldehydes Isomer 1 Isomer 2

Shielding tens| Corr Shielding |Calcd 3 ]Caled 3 (Sabs dev ] |Shielding tens| Corr Shielding ]Caled 3 JCaled 3 (Sqabs dev TP ¢
None sp2-CH2 1165 80.41362258| 80.41362258 116.13 115.47 1.03 0.03  80.58313653 80.58 | 115.96 115.13 137 0.01
None sp2-CH 1395 61.61190838| 61.61190888 136.90 136.28 3.22 0.04 61.1942206 61.19 | 137.29 136.57 293 0.06
C-Cl sp3-CH2/CH/C 719 1150610618 123.58609 72.94 72.19 029 0.80 1152520073 123.76 72.76 71.67 0.23 0.83
C-Cl sp3-CH2/CH/C 63.8 1204282047 128.4283263 67.97 67.20 1.60 0.15  120.1858022 128.21 68.19 67.07 1.73 0.12
None sp2-CH 1302 68.36251851| 68.36281881 130.61 129.98 022 0.89 6537133991 65.37 | 133.39 132.66 2.46 0.11
None sp2-CH 1283  70.03796712|  70.03796712 129.05 128.42 0.12 0.94 750720184 75.07 | 124.36 123.57 4.73 0.00
None sp2-C 1385 60.16600267| 60.16600267 139.08 138.48 0.02 099 61.99002443 61.99 | 137.29 136.58 1.92 0.32
C-Cl sp2-CH 117.2 70.5105394 76.6679155 122.87 122.23 5.03 0.00  65.35225454 72.58 | 126.68 125.90 8.70 0.00
None sp3-CH3 251 171.0685685| 171.0685685 24.18 23.32 1.78 0.09 1716924108 171.69 23.53 22.15 2.95 0.00
None sp3-CH2/CH/C 33.7 1586274614 158.6274614 36.96 36.13 243 0.03 155.981718 155.98 39.68 38.40 4.70 0.00
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Figure S32. Experimental and GIAO NMR calculated data for 7Z-3 (isomer 1) and 7E-3 (isomer 2) following the STS method. (a) Data were
generated following the STS method without further dibromo correction. (b) Data were generated following the STS method with further

correction for dibromo carbon (marked in red).




Table S1. 'H and '3C NMR spectroscopic data of 3, 4, and 5 in acetond-ds.

3¢ 4b Sb
Position oc (type) oy (J in Hz) oc (type) oy (J in Hz) oc (type) oy (J in Hz)
1 117.0 (CH,) 5.31d(10.8) 116.9 (CH,) 5.30d(11.0) 117.1 (CH,) 5.31d(10.8)
547d(17.2) 5.46d(17.0) 5.48 d (16.8)
2 140.4 (CH) 6.15dd (17.2,10.8) 140.4 (CH) 6.16dd(17.0,11.0) 140.4 (CH) 6.06 dd (16.8, 10.8)
3 73.4 (C) 73.4 (C) 73.7 (C)
4 70.0 (CH) 4.95d (8.0) 70.0 (CH) 4.92d (8.5) 70.0 (CH) 4.92d(8.4)
5 131.1 (CH) 6.48 dd (15.2, 8.0) 131.2(CH) 6.45dd (16.0, 8.5) 131.3 (CH) 6.46 dd (16.0, 8.0)
6 129.1 (CH) 6.55d (15.2) 127.7 (CH) 6.52 d (16.0) 127.7 (CH) 6.53d (16.0)
7 139.3 (C) 138.3 (C) 138.4 (C)
8 119.2 (CH) 6.64 s 121.4 (CH) 6.81s 119.2 (CH) 6.64 s
9 26.1 (CH,) 1.82s 26.0 (CHy) 1.81s 27.4 (CHy) 1.80s
10 34.9 (CH) 7.19 s 66.9 (CH) 7.25s 66.9 (CH) 7.26 s

al3

Cand 'H spectroscopic data were recorded at 100 and 400 MHz, respectively. "BCand 'H spectroscopic data were recorded at 125 and 500 MHz, respectively.



Table S2. Comparison of specific optical rotations and selected NMR data of

synthetic halogenated monoterpenes.”

structure [a], (CHCls) oun (H-6) oc (C-9)

—6.2 (synthetic) 6.34-6.35 25.2 (CDCl3)
(CDCl3)

—32.0 (synthetic) 6.63 (CDCl3) 25.2 (CDCl3)

—28.3 (synthetic) 6.33-6.34 27.7 (CDCl3)
(CDCl3)

—58.8 (synthetic) 6.63 (CDCl3) 27.7 (CDCl3)

—32.1 (synthetic) 6.33 (CDCl3) 26.4 (CDCl3)

—28.7 (synthetic) 6.78 (CDCl3) 26.4 (CDCl3)

9 Vogel et al. Angew. Chem. Int. Ed. 2014, 53, 12205-12209.




