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1. NMR spectra and numbering scheme of 8b and 9b

NMR spectra of 8b:
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Figure S1. '"H NMR spectrum of 8b in CDCls.
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Figure S2. *C{'H} NMR spectrum of 8b in CDCls.
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Figure S3. 3'P{'H} NMR spectrum of 8b in CDCl.
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Figure S4. 3P NMR spectrum of 8b in CDCls.
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Figure S5. '"H NMR spectrum of 9b in CDCls.
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Figure S6. *C{'H} NMR spectrum of 9b in CDCls.
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Figure S7. 3'P{'H} NMR spectrum of 9b in CDCl.
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Figure S8. 3'P NMR spectrum of 9b in CDCls.

2. P-N bond cleavage of endo-1b with EtOH

200 eq. EtOH — (17 h) higher

® endo-1b conversion
endo-1b 200 eq. EtOH —~ (15 min)
o moderate conversion
endo-1b 20 eq. EtOH — (17 h) moderate
6b conversion
‘ 1
endo-1b 10 eq. EtOH — (17 h) low
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Figure S9. Time- and concentration-dependent P-N bond cleavage of endo-1b with EtOH followed by
3IP{1H} NMR spectroscopy.



3.1. Reversibility studies

The reversibility experiments were conducted by adding 200 eq. of EtOH (20 eq. in the case of endo-1d
was used) to a solution of the corresponding PAN in 3 ml of THF (50 mg, 0.137 mmol of endo-1a and 27
mmol, 1.6 ml of EtOH; 50 mg, 0.113 mmol of endo-1b and 23 mmol, 1.3 ml of EtOH; 50 mg, 0.113 mmol
of endo-1c and 23 mmol, 1.3 ml of EtOH; 50 mg, 0.128 mmol of endo-1d and 2.6 mmol, 0.15 ml of EtOH)
at room temperature. After stirring overnight, NMR samples were taken. The solutions were
concentrated in vacuo followed by drying for one hour. Then, another NMR sample was taken to study
the reversibility (Supplementary Materials, Figures 510-13). Only for the reaction of endo-1d with excess
ethanol could product 6d be isolated, albeit only with endo-1d as an impurity.
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Figure S10. Ring-opening (formation of 6a; top spectrum) and ring-closing (partial reformation of endo-
1a; bottom spectrum) reaction of endo-1a followed by 3P{'H} NMR spectroscopy.
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Figure S11. Ring-opening (formation of 6b; top spectrum) and ring-closing (reformation of endo-1b;
bottom spectrum) reaction of endo-1b followed by 3P{'H} NMR spectroscopy.
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Figure S12. Ring-opening (formation of 6c; top spectrum) and ring-closing (reformation of endo-1c;
bottom spectrum) reaction of endo-1c followed by 3'P{"H} NMR spectroscopy.
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Figure S13. Ring-opening (formation of 6d; top spectrum) and ring-closing (no reformation of endo-1d;
bottom spectrum) reaction of endo-1d followed by *'P{'H} NMR spectroscopy.

3.2. Synthesis, NMR spectra and numbering scheme of 6d

Reaction of endo-1d with excess ethanol:
EtOH (2.6 mmol, 0.15 mL, 20 eq.) was added to a solution of 50 mg (0.128 mmol) endo-1d dissolved in 2
mL of THF and stirred overnight at room temperature. The solvent was removed under reduced
pressure to give 42 mg (75%) of 6d as a beige oil that contains ca. 10% of endo-1d according to 3P NMR
spectroscopy. All attempts to isolate 6d in pure form failed. The NMR spectra therefore also show the
signals of the starting material, endo-1d.

H NMR (400 MHz, THF) 6 7.61 (bs, 1H, H-7), 7.48 — 7.28 (m, 2H), 4.24 -
4.06 (m, 2H, H-5b), 3.62 (m, 2H, H-12), 2.66 — 2.39 (m, 1H, H-4), 2.37 (s,
3H, H-8a), 1.83-1.69 (m, 1H, H-4), 1.56 (s, 3H, H-2a/3a), 1.51 (s, 3H, H-
2a/3a), 1.17 (t, 3H, H-5¢), and 1.06 (t, | = 7.0 Hz, 3H, H-13) ppm; 3C{H}
NMR (101 MHz, THF) 8 173.3 (d, ] = 2.11 Hz, CN), 167.6 (s, C-5a), 143.1
or 1429 (s, C-quart. aryl), 135.7 (s, C-quart. aryl), 135.5 (d, ] = 2.4 Hz) or
134.5 (s) or 134.3 (s, C-quart. aryl), 131.5 or 131.4 (s, C-aryl), 127.01 (s, C-
7),120.9 or 1204 (s, C-aryl), 118.9 (d, ] =38.5 Hz, C-1/2), 115.8 (d, ] =23.4
Hz, C-1/2), 114.3 (d, ] = 23.8 Hz, C-1/2), 65 (d, ] = 19.3 Hz, C-12), 62.9 or
62.7 (s, C-quart.), 62.3 (s, C-5b), 49.1 (d, J=7.0 Hz, C-4), 23.7 (s, C-methyl),
20.4 (s, C-8a), 17.1 (s, C-methyl), 16.4 (d, | =24.9 Hz, C-13), and 13.1 (s, C-
5¢) ppm; 3P{'H} NMR (162 MHz, THF) 6 132.9 (s) ppm; 3P NMR (162

8a

MHz, THF) 5 132.9 (m) ppm.
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Figure S14. 'H NMR spectrum of 6d in THF-ds.
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Figure S15. *C{"H} NMR spectrum of 6d in THF-ds.
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Figure S16. 3'P{"H} NMR spectrum of 6d in THF-ds.

4. Theoretical calculations

4.1. xyz-structures

endo-la
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FINAL HEAT OF FORMATION = -1754.750027

S
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0.060218

0.049765

1.942193
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-0.142500
-0.892447
-1.970731
-0.262323
1.131590
1.622054
1.888538
2.961285
-1.062417
-0.662779
-2.107140
-1.035644
2.963388
2.255758
0.541522
-0.655417

1.512579  0.598176
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1.927841
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-1.522216
-2.629924
-2.060320
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-2.636301
-2.774390
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endo-1b
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FINAL HEAT OF FORMATION = -1985.740797
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-0.778319
1.685033
0.572399
1.142179

-0.760805

-1.821927

-1.094818
0.322574

-1.533743

2.738203
2.541802
1.389883
3.292586
3.771629
4.064248
2.628026
1.432503
2.360714
1.410005
0.601440
-1.233184
-2.282847
-1.292618
-3.603950
-3.983875
-3.887683
-3.343057
-5.017536
-3.611863
-4.250964
1.474661
2.407705
0.627851
3.439225

-0.623189
1.052829
1.119670
2.364786
2.439648
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3.420394
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4.821904
5.274190
5.596166

-1.027406
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-0.518808
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0.528215
-0.559755
-1.427140
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-1.877485
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-0.938663
-2.877117
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-2.961775
-3.442724
-1.424083
-0.921351
-2.295164
-1.279191
-0.415240

0.640573
-0.628533
-0.621048
-2.340106
-1.098113
-1.249526
-1.655612
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1.412430
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-1.452517
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1.572083
2.133889
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3.189378
-0.363595
-1.196250
-0.749320
0.361302
2.552684
2.692233
0.424195
-0.524416
-0.255827
-0.839785
-1.650379
-1.875845
-2.254555
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-1.039282
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-0.259656
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3.484442
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5.404484
5.351044
4.608358
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-0.848287
-1.229794
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-3.139295
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-3.302939
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-1.184517
-0.588014
0.686415
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0.639566
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-0.410890
0.927350
1.654654
1.327894
2.369537
0.403037
0.718593
-0.932850
-1.664950
-1.335634
-2.381446
-1.856365
-2.690238
-1.842207

-1.836830
-1.232264
0.034713
0.615928
1.590063
-0.051460
-1.324477
-1.844818
-1.933176
-2.925249
0.583694
0.805764
-0.083491
1.516016
-2.203197
-2.789628
-0.355093
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0.360316
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1.727891
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-0.655494
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-0.260929
-0.419919
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-1.960678
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4.2. HOMO and LUMO of 6a-d

3 HOMO (left) and LUMO (right) of 6a
4

HOMO (left) and LUMO (right) of 6b

HOMO (left) and LUMO (right) of 6c

Figure S17. HOMO and LUMO of 6a-d.
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5. X-ray crystallography data

Table S1. Fundamental structure parameters.

Compound 8b 9b
Empirical formula C2sH30NOsPS:2 C24H2sNOsPS2
Formula weight 519.59 505.56
Temperature (K) 130(2) 130(2)
Wavelength (pm) 71.073 71.073
Crystal system Orthorhombic Monoclinic
Space group Pca2: I2/a
Unit cell dimensions
a (pm) 1582.76(5) 1367.65(5)
b (pm) 779.70(2) 803.07(4)
¢ (pm) 4061.3(1) 4374.7(2)
a (deg) 90 90
B (deg) 90 94.635(4)
Y (deg) 90 90
Volume (nm?3) 5.0119(3) 4.7891(4)
Z 8 8
Q(calculated) (Mg m3) 1.377 1.402
K (mm-') 0.313 0.326
F(000) 2192 2128
Crystal size (mm?) 0.30-0.10 - 0.01 0.20-0.15-0.05
Owmin / Omax (deg) 2.006 / 26.957 1.868 /28.328
-20<h<16 -18<h <18
Index ranges -9<k<9 -7<k<9
-51<1<40 -56<1<55
Reflections collected 33257 18896
Indp. reflections (Rint) 9212 (0.0922) 5156 (0.0625)
Completeness (©) 100.0 % (25.35°) 100.0 % (25.35°)
TwMax / Tin 1.00000 / 0.57738 1.00000 / 0.83668
Restraints / parameters 2/630 15/335
Gof on F2 1.065 1.030
R1/wR2 (I>20(1)) 0.0628, 0.1203 0.0572, 0.1275
R1/wR2 (all data) 0.1012, 0.1392 0.1009, 0.1490
Residual electron density (e-/gﬁ) 0.380/-0.333 0.540 / -0.403
Comments 0.55(14) : 0.45(14) " -
CCDC No 2291772 2291773

11: Refined as racemic twin.
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Figure S18. Molecular structure of 8b. Except NH, all hydrogen atoms were omitted for clarity. Both
independent molecules of 8b are shown. Displacement ellipsoids are drawn at the 50 % probability
level.

Figure $19. Molecular structure of 9b. Except NH, all hydrogen atoms and the minor 13% disordered
S=P-O-Me fraction were omitted for clarity. Displacement ellipsoids are drawn at the 50 % probability
level.
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