Supplementary Materials: Addition of vindoline to p-
benzoquinone: regiochemistry, stereochemistry and

symmetry considerations

Shamsher Alj, Ritchy Leroy, Eric Hénon and Georges Massiot
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Figure S1: UV spectrum of compound 3
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Figure S2: IR spectrum of compound 3



Lower formula: Cag
Upper femies s,

C 20-31
Mote: for m < 2000 the elements C, H, N, and O are considered implicitly.

Adducts, pos.  M4H * [ collect adducts

Adducts, neg. -

Meassured mjz  563.2403 Tolerance: 5 ppm * Charge: 1 z

Meas. mfz % Ion Formula mfz err [ppm] mSigma #mSigma Score rdb e Conf N-Rule

563.2403 1 (C31H35M208 563.2388 -2.6 1942 1 100.00 15.5 ewen ok
563.2403 2 (C2BH2M1202 583.2374 -5.0 195.2 2 3147 21.5 ewven ok
563.2403 3 (C20H35M3011 563.2420 3.0 243.5 3 0.95 7.5 even ok

[ Automatically locate monoisotopic peak  Maximum number of formulae 3

Check rings plus double bonds Minimum 0.5 Maximum 49

Electron configuration

Filter H/C element ratio  Minimum H/C: g Maximum H/C: 3

Estimate carbon number Generate immediately

[ Copy to SmartFormula Parameters l Show Pattern

Figure S3: HRESI-MS spectrum of compound 3
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Figure S4: *H NMR spectrum of compound 3
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Figure S5: 3C NMR spectrum of compound 3
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Figure S6: UV spectrum of compound 4
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Figure S7: IR spectrum of compound 4
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Lower formula: CraHqM4 Oy
Upper formula: |CyqoHy0gM10020
€ 53-100, H 1-100, N 1-10, © 1-20
Mote: for m < 2000 the elements C, H, M, and O are considered implicitly.
Adducts, pos.  M4H v [ callect adducts
Adducts, neg. -
Measured mjz  1017.44994 Tolerance: 5 mba * Charge: 1 =
Meaz. mfz  # Ion Formula mfz err [ppm] mSigma #mSigma Score  rdb e Conf M-Rule
10174494 1 C5/HeINSO10 10174505 L1 38.3 1 6945 315 even ok
10174494 2 C59HE3N5011 1017.4519 2.4 40,1 2 2487 31.0 odd ok
10174494 3 Co0HSSNS07 10174532 3.8 40,6 3 6.43 35.0 odd ok
10174494 4 C56H65N4014 101744992 -0,2 42,7 4 100,00 25.5 ewven ok
10174494 5 CH3HE/NO15  1017.4505 1.1 42,8 5 6114 26.0 odd ok
[] Automatically locate monoisotopic peak  Maximum number of formulae 5
Check rings plus double bonds Minimum  -5000 Maximum 100000
Electron configuration both
Filter H/C element ratio Minimum HfC: Maximum HfC:  5g
Estimate carbon number Generate immediately
[ Copy to SmartFormula Parameters ] Show Pattern y
2

Figure S8: HRESI-MS spectrum of compound 4
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Figure S9: *H NMR spectrum of compound 4
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Figure S10: *3C NMR spectrum of compound 4
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Figure S11: UV spectrum of compound 5
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Figure S12: IR spectrum of compound 5

Lower formula: Ceg
Lppes fornie

C 50-n
Mote: for m < 2000 the elements C, H, M, and O are considered implicitly.

Adducts, pos. 4+ » []collect adducts

Adducts, neg.

-
Measured mfz  1017.4493 Tolerance: 2 ppm ~ Charge: 1 <
Meas. mfz  # Ion Formula mfz err [ppm] mSigma #mSigma Score  rdb e Conf M-Rule
1017.49493 1 (C53H5/MN1408 1017.4478 -1.5 34.4 1 52,12 32,5 even ok
1017.4993 2 C54H53NM1804 1017.4492 0.2 37.2 2 100,00 37.5 ewven ok
1017.4993 3 CHoHa5MN4014 1017.4492 0.2 40.6 3 9169 26.5 even ok
["] automatically locate moneisotopic peak  Maximum number of formulae 3
Chedk rings plus double bonds Minimum 0.5 Maximum  ag
Electron configuration
Filter H/C elementrato  Minimum HfC: g Maximum H/C: 3
Estimate carbon number Generate immediately
e | s st a1 8 s
[ Copy to SmartFormula Parameters Show Pattern

Figure S13: HRESI-MS spectrum of compound 5
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Figure S14: *H NMR spectrum of compound 5 (peak at 5.5 ppm is CHzCly).
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Figure S15: 13C NMR spectrum of compound 5
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Figure-16: UV spectrum of compounds 6
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Figure S17: IR spectrum of compounds 6



= NN [ A M A R g N ) [~ NWO O WMo W (=)} =] o O o=t
s w M O s M W0 [~ O Y [~ WO s oS D~ O o) L < 0
™~ 0 O O Moo= 0 =L Moo ~ 0w m COWwInMmMm OO o — 0o M
-~~~ [UelpNeNe] Wi ww n wn o wu Mmoo oM [SVER SN I GV R QN LG U G\ ) — — o o o

T I T I
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 .5 2.0 1.5 1.0 0.5 0.0 ppm
| L

2
)l PSRRIV Ny T O )
18 BZY Bl e EERE 5| (aEE B |5 [ ¢
(=] oo —oo - ool co o« —itior~io (=1L, ™~ o o

Figure S18: *H NMR spectrum of compounds 6
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Figure S19: *3C NMR spectrum of compound 6



Method Info

: colum :0DS H-80 (6.9x250mm)4.0um

mobile phase 75.9/25.0

DAD1 A, Sig=254.4 Ref=off (021-0201.0)
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Figure S20: UPLC profile of compound 6
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Figure S21: UV spectrum of compounds 7
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Figure S22: IR spectrum of compounds 7




Lower formula: Cao
Upper formula: Ca1
C 70-81
Mote: for m « 2000 the elements C, H, M, and O are considered implicitly.

Adducts, pos.  M+4H »  [|Collect adducts

Adducts, neg. -

Measured mfz  1471.6633 Tolerance: 10 ppm * Charge: 1 =
Meas. mfz  # Ion Formula mfz err [ppm] mSigma #mSigma Score  rdb e Conf N-Rule
14716633 1 C31HSSMEO20 1471.659G -2.5 8.7 1 100,00 37.5 ewven ok
14716633 2 (C30HS5SMBO19 1471.6703 5.1 30.1 2 0.23 37.5 ewven ok
14716633 3 C30HS9M2024 1471.6582 -3.4 34.5 3 1518 325 ewven ok

[7] Automatically locate monoisotopic peak  Maximum number of formulae 3

Check rings plus double bonds Mimimum 0.5 Maximum  4p

Electron configuration

Filter H/C elementratic  Minimum HfC: g Maximum H/C: 3

Estimate carbon number Generate immediately

L | e et

[ Copy to SmartFormula Parameters Show Pattern

Figure S23: HRESI-MS spectrum of compounds 7
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Figure S24: *H NMR spectrum of compounds 7
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Figure S25: *3C NMR spectrum of compounds 7
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Figure S26: UV spectrum of compounds 8
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Figure S27: IR spectrum of compounds 8



Lower formula: | CgoHq1gMgOog
Upper formula: | CgeH 425N 15039
C 80-106, H 110-125, N 8-10, O 25-30
Mote: for m < 2000 the elements C, H, N, and O are considered implicitly.

Adducts, pos.  m4H + [ collect adducts

Adducts, neg. -

Measured mfz  1925.8702 Tolerance: 10 ppm * Charge: 1 =
Meas. mfz  # Ion Formula mfz err [ppm] mSigma #mSigma Score  rdb e Conf  M-Rule
19258702 1 C106H125M3026 1925.8700 -0.1 45.4 1 100,00 48.5 even ok
19258702 2 C105H123NS026 1925.8574 6.7 47.6 2 0.00 45.0 odd ok
19258702 3 C102H125MB029 1925.8547 3.1 529 3 0,00 44.5 even ok

[ Automatically locate monoisotopic peak  Maximum number of formulae 3

Check rings plus double bonds Minimum  -5000 Maximum 100000

Electron configuration

Filter H/C element ratio Minimum HfC: o Maximum HfC: 5o

Estimate carbon number Generate immediately

[ Copy to SmartFormula Parameters ] Show Pattern

Figure S28: HR-ESI-MS spectrum of compounds 8



Figure S29: *H NMR spectrum of compounds 8
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Figure S30: *3C NMR spectrum of compounds 8



Table S1: *C NMR data for compounds 1, 3 (CDCls), 4, 5 and 6a (CD3s0D). The central

spectral line of the solvent was used as a reference.

C Vindoline Mono- Di-adduct 4 | Di-adduct 5 Gem
1 adduct 3 adduct 6a
2 83.2 83.3 84.5 84.4 84.6
3 50.9 50.9 51.8 52.0 51.9
5 51.7 51.6 52.4 52.6 52.7
6 43.9 43.9 44.7 44.6 444
7 52.6 52.7 54.1 54.0 53.6
8 124.8 124.4 125.9 125.9 125.7
9 122.5 125.0 126.6 126.5 125.8
10 104.4 112.6 114.6 115.5 116.0
11 160.9 159.5 161.1 161.2 160.6
12 95.6 92.9 944 944 94.1
13 153.5 155.1 156.5 156.7 155.5
14 129.9 124.2 125.8 125.8 125.6
15 130.3 130.3 131.3 131.2 131.1
16 79.4 794 80.9 80.8 80.8
17 76.1 76.2 77.6 77.5 77.5
18 7.5 7.6 8.1 8.1 8.0
19 30.6 30.9 32.1 32.1 32.1
20 42.7 42.8 44.3 44.3 44.2
21 66.8 66.8 67.6 67.9 68.0
COOCH:s 171.7 171.8 173.4 173.4 173.4
COOCHs 52.0 52.3 52.9 52.9 52.9
OCOCH:s 170.5 170.7 172.5 172.5 172.4
OCOCH:s 20.9 21.6 20.8 20.8 20.8
NCH; 38.0 37.6 38.3 38.3 38.7
ArOCHs 55.1 55.8 56.4 56.6 56.6
1 188.0 188.3 189.6 187.5
2' 145.1 146.7 148.7 145.2
3 132.8 134.3 132.4 145.2
4' 186.5 188.3 187.8 187.5
5' 136.1 146.7 132.4 137.7
6' 137.0 134.3 148.7 137.7




Table S2. Energetics obtained at the DFT (M06-2X/6-311G**) level of
theory, considering the methanol implicit solvent (CPCM). Values given in

hartree.
E H°« H°298k G*298K

6al antil -1072.4627 -1072.1481 -1072.1267 -1072.1974
6al anti2 -1072.4626 -1072.1480 -1072.1263 -1072.1992
6b syn -1072.4639 -1072.1490 -1072.1276 -1072.1980
TS antil <> anti2 -1072.4599 -1072.1455 -1072.1246 -1072.1953
TS antil <> syn -1072.4300 -1072.1158 -1072.0951 -1072.1645
TS syn <> syn -1072.4596 -1072.1451 -1072.1242 -1072.1242

I.  Views of 6a and 6b isomers:

Fig. S1 6al antil and anti2 representations (from optimized M06-2X/6-311G** geometry).




Fig. S2 6b syn representation (from optimized M06-2X/6-311G** geometry).



