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coincide.
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General remarks, experimental procedures and detail interpretation of NMR spectra

Commercially available solvents were purified according to the standard procedures. All reactions were run under an argon atmosphere. Mass spectra were
recorded on AmaZon X (ESI) Bruker mass spectrometers. IR spectra were recorded on a Vector 22 instrument. NMR experiments were carried out on 400
MHz [400 MHz ('H), 376.5 MHz ('°F), 161.9 MHz (3'P) and 100.6 MHz ('3C)] or 600 MHz [600 MHz ('H), 242.9 MHz (3'P), 150.9 MHz (13C)]
spectrometers. 'H, 3'P, I°F, and 3C NMR experiments were carried out at different temperatures (-5 °C, after 15 min; 25°C, after 6 h; after heating in
dichloromethane for 1 hour). Chemical shifts (8) are given in parts per million relative to the residual 'H and '3C signal of CDCl3, CD,Cl, or acetone-dy and
the signals are designated as follows: s, singlet; d, doublet; t, triplet; m, multiplet. Coupling constants (/) are in hertz (Hz). Mass spectra (EI) were taken on a
DFS Thermo Electron Corporation instrument (Germany). The energy of ionizing electrons was 70 eV, the temperature of the ion source was 280°C, a
system of direct input of the sample into the ion source was used, and temperature of the evaporator was 250°C. Elemental analysis was performed on a
CHNS-O analyzer; the phosphorus content was determined by the pyrolysis under oxygen flow.

L 2-(Benzo[d][1,3,2]dioxaphosphol-2-yloxy)-2-methyl- 1-phenylpropan-1-one (1a). To a mixture of 2-
chlorobenzo[d][1,3,2]dioxaphosphole (5.28 g, 30.3 mmol) and triethylamine (4.22 ml, 30.4 mmol) in 100 ml of

1 ' 14 absolute diethyl ether, a solution of 2-methyl-1-phenylpropan-1-one (4.96 g, 30.2 mmol) in 10 ml the same solvent

. :v?e Me 7 13 was added dropwise (0-5 °C). The resulting reaction mass was stirred for 3 h at 20 °C and then filtered off. The
6 7a_0! ) 5 2 precipitate was washed with absolute diethyl ether (30 ml), the ethereal filtrate was evaporated in vacuum
\P—o 0 (subsequently from 12 to 0.01 mmHg), the resulting colorless oil was dissolved in pentane (50 ml), kept in a
5 = g/ refrigerator for a day. A pentane solution was again filtered off and evaporated in vacuum; 8.58 g (94%) phosphole
4 (1a) was obtained as a residue, which was used further without additional purification. IRS, cm™! (film): 3069,

3006, 2977, 2928, 1682, 1643, 1616, 1599, 1476, 1447, 1359, 1332, 1303, 1285, 1233, 1205, 1159, 1120, 1095,
1070, 1034, 1010, 962, 889, 838, 748, 713, 693, 631, 596, 577, 562, 521, 501, 489. 'H NMR spectrum (400.0 MHz, CDCl;, 8 ppm, J Hz): 7.96 d. d (H!>!7,
2H, 3Jyn 8.2, “Jun 1.2), 7.51 m (H'S, 1H, 3Jyy 7.4, “Juyy 1.2), 7.36 m (H'*16, 2H, 3Jyy 8.2, 3Juyy 7.4), 7.08 m (H>®, 2H, AA -part of A4 'BB’-system), 7.0 m
(H*7, 2H, BB -part of AA’BB’-system), 1.80 s (H!%!!  6H). 3'P-{'H} NMR spectrum (242.9 MHz, CDCl;): 8p 140.1 ppm.

(1-(Benzo[d][1,3,2]dioxaphosphol-2-yloxy)cyclohexyl)(phenyl)methanone (1b) was obtained by a similar method
from chlorobenzo[d][1,3,2]dioxaphosphole (4.39 g, 25.2 mmol), triethylamine (3.85 ml, 27.7 mmol), and (1-
hydroxycyclohexyl)(phenyl)methanone (5.13 g, 25.1 mmol). The phosphole (1b) yield is 8.0 g (93%). 'H NMR
spectrum (400.0 MHz, CDCls, 6 ppm, J Hz): 7.83 br. d (H!620, 2H, 3/ 7.9), 7.36 br. m (H'®, 1H, 3Jyy 7.5), 7.22

6 7a br. m (H'719, 2H, 3Jyy 7.9, 3Jun 7.5), 6.87 m (H>®, 2H, AA4 -part of A4’BB’-system), 6.81 m (H*’, 2H, BB -part of
AA’BB’-system), 2.0 br. m (Cy, 2H), 1.88 br. m (Cy, 2H), 1.45-1.47 and 1.61-1.62 two br. m (Cy, 5H), 1.19 br. m
5 » (Cy, 1H). 3'P-{'H} NMR spectrum (242.9 MHz, CDCly): 141.1 ppm.
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4' 4"-Dimethyl-5"-phenyl-4, 5-bis(trifluoromethyl)-4", 5 '-dihydro-2 A-spiro[[ 1,3,2]dioxaphosphole-2,2'-[ 2,5 | epoxy-
benzo[d][1,3,6,2]trioxaphosphocine] (3a). To a solution of phosphole (1) (2.6 g, 8.6 mmol) cooled to —10 °C in 30
ml of dichloromethane, a solution of perfluorodiacetyl (1.68 g, 8.7 mmol) in 5 ml of dichloromethane was added
dropwise. The addition of yellow perfluorodiacetyl resulted in its discoloration. The resulting reaction mass then
acquired a brown color, and further brightened to a light brown color. The reaction mixture was kept at room
temperature for 10 days, then it was evaporated by half and 15 ml of pentane was added. When kept in a
refrigerator (5 °C), a crystalline precipitate of compound (3a) was gradually formed. Yield was 3.84 g (90%), m. p.
12 143-145 °C. Mass spectrum EI: m/z: 496.05 [M]". Calcd 496.05. Found, %: C, 48.33; H, 3.44; P, 6.19.
3a - 14 CyoH5FsO6P. Calcd, %: C, 48.40; H, 3.05; P, 6.24. IRS, cm™! (nujol): 2726, 2677, 1712,1602, 1593, 1495, 1400,
1358, 1284, 1262, 1225, 1209, 1193, 1171, 1143, 1130, 1105, 1074, 1033, 1017, 998, 976, 943, 925, 915, 844, 8§15,

793,779, 764, 755, 746, 737, 699, 682, 645, 616, 588, 563, 530, 484, 472, 413. IRS, cm! (pellet KBr): 3065, 3045, 2988, 2950, 1712, 1603, 1594, 1495,
1469, 1453, 1391, 1358, 1283, 1262, 1226, 1211, 1194, 1171, 1144, 1106, 1075, 1034, 1018, 999, 977, 944, 925, 915, 844, 816, 793, 779, 765, 756, 747,
737, 699, 683, 646, 616, 588, 573, 563, 530, 484, 472, 414. "H NMR spectrum (400 MHz, acetone-dg,  ppm, J Hz): 1.17 and 1.83 two s (Me, 6H), 6.95 d
(HIS’ IH, 3JHH 79), 7.06brd. d (H14, lH, 3JHH 79, 3JHH 73), 7.16 m (H13, IH, 3JHH 74, 3JHH 73), 7.20 m (le, IH, 3JHH 74), 7.51-7.52 m (H18—20’ 3H), 7.69
m (H'7, H?!, 2H). 13C NMR spectrum (100.6 MHz, acetone-dg, 8¢ ppm, J Hz) (hereinafter a view of signal in 3C-{'H} NMR spectrum is in parentheses):
142.68d.d.d. d (d) (C3, 3JHC13CC 11.0-1 15, 3JHC15CC 67—68, ZJHCIZC 38—39, ZJPOC 35), 14846d.d.d. d (d) (C4, 3JHC14CC 106, 3Jpoc3c 96, 3JHCIZCC 82,
ZJuctsc 3.5-3.6), 108.80 m (d) (C, 3Juc22.23¢7¢ 3.6-3.8, 2Jpoc 3.2), 89.90 s (sept) (C7, 3Juccec 4.2), 125.95 q. d. q (q. d. q) (C8, 2Jrcioc 43.0, 2Jpoc 5.3, 3Jrclicoc
3.0), 13391 q. d. q (q. d. q) (C?, 2Jgciic 43.3, 2Jpoc 6.6, 3Jrciocsc 3.3), 119.51 q. d (q. d) (C'°, Urc 269.3, 3Jpocc 18.5), 119.69 q. d (q. d) (C'!, 1 Jrc 267.6,
3Jpocc 19.5-20.0), 120.74 d. d. d (d) (C'2, e 163.9, 3Jpocc 10.6, 3Jyciace 8.8), 126.91 d. d (s) (C3, Uyc 164.1, 3Jycisce 9.0), 126.79 d. d (s) (C4, Uy
164.2, 3Jycizce 8.0), 124.56 d. d (s) (C13, Uy 163.9, 3Jycisce 8.0-8.1), 134.63 d. d. d (d) (C', 3Jpocc 14.1, 3Jucisce 7.3, 3Juc2occ 6.2), 127.55 br. d. d. d (s)
(C'7:21 Uy 163.4, 3Jyctocc 7.0-7.2, 3Juc21.17¢c 6.0-6.2), 129.40 br. d. m (s) (C'820, LJyc 162.0, 3Jyc20,18¢c 7.3), 130.73 d. t (s) (C'?, Uy 161.3, 3Jyci7.21¢cc
7.5),25.90 q. q (s) (C?2, Uy 128.4, 3Jucce 3.9), 20.76 q. d. q (d) (CZ, 'Juc 128.8, *Jpocc 11.7, 3Juccc 3.9). 1F NMR spectrum (376.5 MHz, CH,Cl,/CDCl; =
1 :2, 8r ppm, J Hz): —65.45 br. q (CF3, 3F, SJgr 9.3), —64.13 q (CF3, 3F, °Jgr 9.3). 'F NMR spectrum (376.5 MHz, acetone-ds, 6 ppm, J Hz): —66.11 q (CF;,
3F, 3Jgr 9.6), —64.62 q (CF3, 3F, 3Jgr 9.6). 3'P-{'H} NMR spectrum (242.94 MHz, 6p ppm): —39.7 (CH,Cl,/CDCl; = 1 : 2), —37.0 (acetone-ds).

Ph 7' 7"-Dimethyl-6'"-phenyl-3'4'-bis(trifluoromethyl)-2",5" 8" 9'"-tetraoxa-2 A°-
o O phosphaspiro[benzo[d][1,3,2]dioxaphosphole-2,1'-bicyclo[4.2.1]nonan]-3"-ene (5a). '°F NMR spectrum (376.5
\P//o b MHz, 25°C, CH,Cl, / CDCl3 =1 : 2, 8¢ ppm): —64.82 br. s. 3'P-{'H} NMR spectrum (162.0 MHz, 25°C, CH,Cl,,
J \o / Sp ppm): —49.6 br. s.
CF;
CF;
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2-((4',5"-Bis(trifluoromethyl)-2 A°-spiro[benzo[d][1,3,2]dioxaphosphole-2,2"-[1,3,2]dioxaphosphol]-2-yl)oxy)-2-
methyl-1-phenylpropan-1-one (4a). ’"F NMR spectrum (376.5 MHz, 25°C, CH,Cl, / CDCl3 =1 : 2, 8 ppm): —
64.24 br. q (“Jgr 11.0), —64.72 br. q (*Jrr 11.0). '°F NMR spectrum (376.5 MHz, 25°C, acetone-ds, 8y ppm): —64.67
br. q (*Jrr 10.6), —65.10 br. q (*Jgr 10.6). 3'P-{'H} NMR spectrum (242.9 MHz, 25°C, CH,Cl,, 6p ppm): —40.3 s.
3IP-{1H} NMR spectrum (162.0 MHz, 25°C, acetone-d, 8p ppm): —37.2 s.

5'-Phenyl-4",5"-bis(trifluoromethyl)-5'H-2'’-dispiro[cyclohexane-1,4"-[ 2,5 ]epoxybenzo[d][1,3,6,2 ] trioxa
phosphocine-2'2"-[1,3,2]dioxaphosphole] (3b). To a solution of phosphole (1) (3.57 g, 11.8 mmol) cooled to —10
°C in 30 ml of dichloromethane, a solution of perfluorodiacetyl (2.3 g, 11.9 mmol) in 5 ml of dichloromethane was
added dropwise. After reaching room temperature in 2 h, the resulting reaction mixture was heated at reflux of
dichloromethane for 1 h, then the solvent was removed in vacuum, the remaining thick light brown oil was poured
with pentane (40 ml) and kept in a refrigerator at —5 °C. The formed crystalline precipitate was filtered off and
dried in vacuum (3.86 g). Additional crystallization from the filtrate yielded 1.11 g compound (3b). Yield is 4.97 g
(78 %), m. p. 145-147 °C. Mass spectrum EI: m/z: 536.08 [M]*. Calcd 536.08. Found, %: C, 51.23; H, 3.61; P,
5.24. CyH;5FsO¢P. Calcd, %: C, 51.50; H, 3.57; P, 5.77. IRS, em™! (nujol): 1710, 1602, 1593, 1494, 1397, 1375,
14 1359, 1280, 1260, 1223, 1173, 1160, 1147, 1125, 1103, 1086, 1063, 1034, 1000, 986, 969, 950, 934, 921, 900,

844, 813, 799, 780, 764, 756, 746, 737, 699, 682, 663, 640, 616, 609, 589, 567, 532, 509, 476, 449, 436, 414. IRS, cm™! (pellet KBr): 3066, 2940, 2868,
1710, 1602, 1494, 1453, 1397, 1359, 1280, 1260, 1225, 1218, 1172, 1161, 1150, 1126, 1103, 1087, 1064, 1034, 1000, 988, 969, 951, 933, 921, 900, 843,
831, 789, 800, 779, 764, 756, 746, 737,700, 683, 664, 640, 609, 589, 567, 531, 510, 477, 451, 436, 414. 'H NMR spectrum (400 MHz, CH,Cl,/C¢Ds =1 : 1,
0 ppm, JHZ)Z 7.52br. s (H”, H21’ 2H), 7.28 m (H18-20’ 3H), 693d.d.d (HIS, IH, 3JHH 80, 4JHH 14, 4JPOCCH 14), 6.87d.d.d. d (H14, lH, 3JHH 80, 3JHH 72,
4JHH 17, SJPOCCCH 17), 6.79 br.d. d (H13, lH, 3JHH 79-80, 3JHH 73), 6.72d.d (le, lH, SJHH 80, 4JHH 17), 2.61 br.d (Cy, lH, 2JHH 106), 1.58-1.68 m (Cy,
6H), 1.39 m (Cy, 1H), 0.89 m (Cy, 1H), 0.67 t. d (Cy, 1H, 2/ 13.3-13.4, 3Ju 4.5). '"H NMR spectrum (400 MHz, CDCl; + 40% CH,Cl,, & ppm, J Hz): 7.72
br. s (H!721, 2H), 7.49 br. s (H'820, 3H), 7.13 br. d (H'S, 1H, 3y 8.0), 7.08 d. d. d. d (H", 1H, 3Jyp 8.0, 3Jun 7.2, “Jun 1.7, SJpoccen 1.7), 6.98 br. d. d (H'3,
1H, 3Ji 8.0, 3 7.3), 6.89 d. d (H'2, 1H, 3Jiy 8.0, “Jumr 1.6), 2.79 br. d (Cy, 1H, 2 10.9), 1.86 and 1.78 two m (Cy, 6H), 1.62 m (Cy, 1H), 1.12 m (Cy,
1H), 0.88 t. d (Cy, 1H, 2Juy 13.5, 3Jun 4.3). 'H NMR spectrum (600 MHz, CDCls, 8 ppm, J Hz): 7.62 br. s (H'7, H?!, 2H), 7.42 m (H'$-29, 3H), 7.08 br. d
(HIS’ IH, 3JHH 80), 7.06 br. m (H14, IH, 3JHH 80, 3JHH 72, 6JPH 15—16, 4JHH 16), 6.94br.d. d (H13, lH, SJHH 80, SJHH 73), 6.78d.d (le, IH, 3JHH 80,
4Jn 1.6), 2.68 br. d (Cy, 1H, 2y 13.3), 1.80 m (Cy, 2H), 1.72 m (Cy, 3H), 1.62 m (Cy, 1H), 1.55 m (Cy, 1H), 1.07 m (Cy, 1H), 0.77 t. d (Cy, 1H, /iy
13.6, 3Jyp 4.4). 'TH NMR spectrum (400 MHz, acetone-dg, & ppm, J Hz): 7.66 br. s (H'7, H?!, 2H), 7.49 m (H'3-2°, 3H), 7.17 m (H'5, 1H, 3Jyy 8.0, *Jy 1.5,
e 1.3), 7.14 d. d. d. d (H™, 1H, 3y 8.0, 3 7.2, Sy 1.5-1.6, 4t 1.5), 7.05 d. d. d. d (H'3, 1H, 3y 8.0, 3t 7.3, it 1.5, SJpys 1.3), 6.90 d. d (H'2, 1H,
3 s 8.0, i 1.6), 2.65 br. d (Cy, 1H, 2y 13.5), 1.81 m (Cy, 3H), 1.69 m (Cy, 2H), 1.56-1.58 m (Cy, 2H), 1.09 m (Cy, 1H, 3Jiy 13.5, 3 12.8, 3 4.5),
1.07 m (Cy, 1H, iy 13.5, 3 12.8, 3 4.5), 0.80 d. d. d (Cy, 1H, 2y 13.6, 3 12.8, 3yt 4.4). 13C NMR spectrum (150.9 MHz, CDCls, 8¢ ppm, J Hz):
142.0 m (d) (C3, SJHCBCC 90, SJHC15CC 65-70, 2JPOC 35), 147.79 m (d) (C4, 3JHC14CC 85-90, 3Jp0c3c 97, SJHCUCC 65-70, 2JHC15C 50), 108.11 m (d) (Cé,
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2Jpoc 3.2), 90.10 br. s (s) (C7), 125.49 q. d. q (q. d. q) (C8, 2Jpcloc 44.5, 2Jpoc 4.8, 3Jrciicoc 3.4), 133.69 q. d. q (q. d. q) (C?, 2Jgciic 43.6, 2Jpoc 6.4, 3Jrciocsc
3.0), 118.79 q. d (q. d) (C'°, Uic: 270.5, 3Jpoce 18.8), 118.98 q. d (q. d) (C1, Ure 268.2, 3poce 19.9), 119.91 d. d. d (d) (C12, Uye 162.8, 3poce 10.5, 3icléce
9.6), 125.67 d. d (s) (C'3, Uy 163.4, 3ucisce 7.7-7.8), 125.62 d. d (s) (C'4, Uge 163.3, ucizee 7.7-7.8), 123.75 d. d (s) (C'5, Ugc 164.8, *Jucisce 8.7),
134.36 d. d. d (d) (C'6, 3Jnocc 14.1, Wcisce 6.8-7.0, 3ic20cc 6.8-7.0), 126.90 br. d. m (br. s) (C17-21, e 159.6), 128.41 d. d (s) (C'820, e 160.3,
3c2015cc 8.2), 129.73 d. t(s) (C'°, e 160.3, 3ic1721cc 7.6), 33.99 br. t. m (s) (C22, Wy 126.5), 28.58 br. t. m (d) (C26, Wie 127.5, 3poce 10.1), 24.95 br.
t. m (s) (C?, Uyc 127.9), 22.26 br. t. m (s) (C?4, 'Jyc 128.5), 21.32 br. t. m (s) (C, Jyc 128.5). 13*C NMR spectrum (100.9 MHz, acetone-ds, 8¢ ppm, J Hz):
142.69 m (d) (C3, WJctsee 9.5, Mucisce 6.5, 2ice 4.3, 2roc 3.5, Unccce 1.3), 148.48 m (d) (C*, 3uctice 9.8, Jpocsc 9.7, 3uctzce 7.5, Unctse 3.2, “nccce
1.3), 108.30 m (d) (C5, 2poc 3.3), 91.10 m (s) (C7, Uscc 6.5), 126.06 q. d. q (q. d. q) (C8, 2rcioc 44.5, 2poc 5.2, 3pciicoe 3.5), 134.05 q. d. q (q. d. q) (C°,
2ectic 43.3, 2roc 6.7, 3xciocse 3.3), 119.58 q. d. q (q. d. @) (C1°, Uk 271.0, 3Jpoce 18.2, 3kcce 1.3), 119.75 q. d. q (q. d. q) (C!1, Ve 267.6, 3Jpoce 20.2,
3Jrcce 1.5), 120.70 d. d. d. d. d (d) (C'2, Use 163.8, *poce 10.6, Muciace 8.8, 2nce 1.3, Uiccee 1.3), 125.82 d. d (s) (C13, Une 1640, 3ycisce 8.6), 126.74
br. d. d (d) (C14, Uie 162.8, 3cizce 7.8, Spoccce 1.3), 124.64 br. d. d (d) (C15, WUne 163.5, 3ucisce 9.0, “Jpocce 1.4), 134.83 d. d. d (d) (C'6, 3pocc 14.0,

3 ucisee 7.3, Muc20ce 6.5), 127.70 br. d. d. d (s) (1721, Ly 162.0, 3pcce 6.8-7.0, 3rcce 5.8-6.0), 129.37 d. m (s) (C1320, L 162.3, 3c20.15¢c 7.4-7.6),
130.68 d. t (s) (C1%, Ui 161.2, 3uci72ice 7.5), 34.56 br. t. m (s) (C2, Uie 129.4), 29.15 br. t. m (d) (C2, Ue 124.0, 3Jpocc 10.2), 25.47 br. t. m (s) (C2,
Uhe 127.7), 22.98 br. t. m (s) (C?*, Jyc 129.3), 21.95 br. t. m (s) (C?, Wy 129.4). 'F NMR spectrum (376.5 MHz, CH,Cl,/C¢D¢ = 1/1, 8¢ ppm, J Hz): —
65.61 br. q (CF3, 3F, 3Jgr 9.4), —64.25 q. d (CF3, 3F, 3Jrr 9.4, “Jpoccr 0.9). I°F NMR spectrum (376.5 MHz, CDCls, 8¢ ppm, J Hz): —65.39 q (CF3, 3F, SJgr
9.4),—64.04 q (CF3, 3F, >Jgr 9.4). °F NMR spectrum (376.5 MHz, acetone-dg, 6p ppm, J Hz): —64.63 br. q (CF3, 3F, SJgr 9.6), —64.04 q (CF3, 3F, °Jgr 9.6).
31P-{TH} NMR spectrum (8p ppm): —39.4 (242.94 MHz, CH,CL/C¢Ds = 1 : 1), —39.3 (242.94 MHz, CDCl), ~39.5 (162.0 MHz, acetone-d).

6'-Phenyl-3',4"-bis(trifluoromethyl)-2" 5" 8", 9"-tetraoxa-2 A’-phosphadispiro[benzo[d][1,3,2] dioxaphosphole-2,1'-
bicyclo[4.2.1]nonane-7' 1"-cyclohexan]-3"-ene (5b). "H NMR spectrum (400 MHz, CD,Cl,, 5°C, 6 ppm, J Hz):
7.56 br. m (H!72!, 2H), 7.38 br. m (H'8-20, 3H), 7.11 br. d (H'?, 1H, 3Jyy 7.8), 6.99 m (H%?, 2H), 6.88 br. d. d (H'!,
1H, 3Jun 7.8, 3Jun 7.3), 2.58 br. m (Cy, 1H), 1.59-1.62 br. m (Cy, 4H), 1.43 br. m (Cy, 2H), 1.30 br. m (Cy, 1H),
0.96 br. m (Cy, 1H), 0.68 br. m (Cy, 1H). 3C NMR spectrum (100.6 MHz, 5°C, CD,Cl,, 8¢ ppm, J Hz): 145.32 m
(d) (CIS, SJHCBCC 76-78, 3JHC15CC 76-78, ZJPOC 74), 142.25 m (d) (Cg, SJHCIOCC 100, 2Jpoc 72, 3JHC12CC 72,
2Jucoc 5.0), 138.43 q. d. t (q. d. t) (C4, 2Jpcisc 40.4, 3Jpoc3c 15.6, 3Jciacc 3.1), 134.58 m (d) (C'°, 3Jpocc 12.6,
3Juc18.20cc 7.2, Urc2scoc 3.0-3.2), 133.34 q. d. q (q. d. q) (C3, 2Jpciac 40.4, 2Jpoc 5.5-5.6, 3Jpciscac 2.5-2.6), 130.93
d. t (s) (C', Uyc 161.7, 3Jyc17.21cc 7.1), 128.20 br. d. m (br. m) (C'320, L 162.5), 127.17 and 127.36 two br. d.
m (two br. s) (C!7-21, L 161.6 and 161.8), 124.99 d. d (s) (C'0, Jyc 162.9,

3Juci2ce 7.6), 121.96 d. d (s) (C'!, WUy 164.8, 3Jucocc 7.0), 120.53 q (q) (CP, Jpc 274.3), 120.02 q. d (q. d) (C'4, Jgc 273.0, 3Jpocc 10.6), 112.77 m (d) (CS,
2Jpoc 2.6), 89.58 s (m) (C7), 111.47 d. d. d (d) (C'2, 'Jyc 163.7, 3Jpocc 16.4, 3Jycioce 8.5), 112.22 d. d. d (d) (C?, Uy 162.6, 3Jpocc 18.2, 3Jyclice 6.7), 34.97
br. t. m (s) (C26, Jyc 129.1), 29.20 br. t. m (d) (C?2, Uy 129.3, 3Jpocc 9.8), 25.57 br. t. m (s) (C?, Wyc 126.0), 23.01 br. t. m (s) (C*, 'y 126.0), 22.01 br.
t. m (s) (C%, Uyc 126.7). IF NMR spectrum (376.5 MHz, 5°C, CD,Cl,, 8 ppm, J Hz): —64.39 br. q (CF3, 3F, >Jgr 11.6), —65.99 q (CF3, 3F, SJgr 11.6). '°F
NMR spectrum (376.5 MHz, 25°C, CH,Cl, + 30% C¢Dg, 8 ppm, J Hz): —64.25 q. d (CF;, 3F, SJpr 11.8, 4Jpr 2.4), —65.68 q (CF3, 3F, “Jpr 9.4). 3'P-{'H}
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NMR spectrum (162.0 MHz, 5°C, CD,Cl,, 8p ppm): —40.7 (CD,Cl,). 3'P-{'H} NMR spectrum (162.0 MHz, 25°C, CD,Cl,, 6p ppm): —40.2. 3'P-{'H} NMR
spectrum (162.0 MHz, 25°C, CH,Cl, + 30% CgDg, 8p ppm): —40.7 q (“Jgp 2.3).

25 (1-((4',5"-Bis(trifluoromethyl)-2 A°-spiro[benzo[d][1,3,2]dioxaphosphole-2,2"-[1,3,2]dioxaphosphol]-2-yl)oxy)

cyclohexyl) (phenyl)methanone (4b). 'H NMR spectrum (400 MHz, CDCls, 25°C, 8 ppm, J Hz): 8.11 br. d (H',

23 H?3, 2H, 3Jyy 8.1), 7.59 br. t (H®, 1H, 3Jyy 7.5), 7.41 br. d. d (H?42°, 2H, 3Jyy 8.1, 3Juy 7.5), 6.84 m (H®-12, 4H),
2.40 br. d (Cy, 1H, 2Jyy 13.5), 2.07 br. m (Cy, 1H), 1.68-1.78 br. m (Cy, 8H). 'H NMR spectrum (400 MHz,

o CD,Cl,, 5°C, & ppm, J Hz): 8.01 br. d (H'7, H?, 2H, 3Jyy 8.1), 7.52 br. t (H¥, 1H, 3Jyy 7.5), 7.33 br. d. d (H?42°,
2H, 3Jyp 8.1, 3Jun 7.5), 6.75 m (H>'2, 4H), 2.28 br. m (Cy, 1H), 1.94 br. m (Cy, 1H), 1.68-1.70 br m (Cy, 8H). 13C

8 CFs NMR spectrum (100.6 MHz, 5°C, CD,Cl,, 8¢ ppm, J Hz): 143.80 m (d) (C34, 3Jccc 7.0-7.5, 3Jucec 6.5-7.8, 2poc
60), 130.40 br. qg. d (br qg. d) (C7’8, 2Jpcl4c 452, 2Jpoc 40-50), 111.45d.d.d (d) (C9,12’ IJHC 1642, 3Jp0cc 173,
3Jucitioce 8.0), 122.95 d. d (br. s) (C'O11, 1 ye 162.7, 3Jyc129¢c 7.2), 119.77 br.
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q (br. q) (C'314 U 270.4, 3Jpocc 19.6), 89.95 br m (br. s) (C'%), 203.55 br. m (br. s) (C!6), 35.48 br. t. m (s) (C'721, e 127.0, 3Jpocc 8.2), 22.04 br. t. m (s)
(C1829, 1y 128.7), 25.50 br. t. m (d) (C'%, e 127.0), 131.01 br. m (br. s) (C22), 132.03 br. d. m (br. s) (C327, Uye 161.7), 129.50 br. d. d (br. s) (C2+,

e 165.2, 3Jc26,24cc 7.0), 136.40 br. d. m (br. s) (C?, Uy 162.5). BC NMR spectrum (150.6 MHz, 25°C, CDCls, 8¢ ppm, J Hz): 143.07 m (d) (C34, 3Jucce
70-75, 3JHCCC 68-70, 2Jpoc 62), 129.49 br. q. d (bI' q. d) (C7’8, 2J]:c14c 454, 2Jpoc 45), 11090d.d. d (d) (C9,12, IJHC 1649, 3Jpocc 172, 3JHCII,IOCC 86),
122.38 d. d (s) (C'%11, e 162.8, 3Jic129¢c 7.6), 118.96 br. q (br. q) (C'14, ke 269.6, 3Jpoce 19.4), 89.63 m (d) (C'5, 2Jpoc 11.7), 201.57 br. m (br. s) (C'6),
35.30 br. t. m (d) (C1721, Uye 127.0,3Jpoce 6.7), 21.45 br. t. m (s) (C1829, L 128.0), 24.92 br. t. m (d) (C'°, Ui 129.0), 130.76 m (br. s) (C22, 3Jucce 8.0),
131.10 d. d. d (s) (CB27, Upe 162.2, 3uc2r23ce 7.3, 3ic2sce 6.6), 128.70 d. d (s) (C2426, 1y 1641, 3uc2624cc 7.7), 135.22 d. t (s) (C25, Uye 161.7, 3ncce
7.4). F NMR spectrum (376.5 MHz, 25°C, CD,Cl,, 8 ppm, J Hz): —66.11 br. s (2CF3, 6F). ’"F NMR spectrum (376.5 MHz, 25°C, CH,Cl, + 30% C¢Ds, 8
ppm, J Hz): —64.95 d (2CF3, 6F, “Jpr 0.9). °F NMR spectrum (376.5 MHz, 25°C, CDCl;, 8 ppm): —64.74 br. s. 3'P-{'"H} NMR spectrum (162.0 MHz, 25°C,
CD,Cl,, 8p ppm): —48.4 br. s. 3'P-{'"H} NMR spectrum (162.0 MHz, 5°C, CD,Cl,, 8p ppm): —45.0 very br. s. 3'P-{'"H} NMR spectrum (162.0 MHz, 25°C,
CH,Cl, + 30% C4¢Dg, 8p ppm): —45.7 br. s. 3'P-{"H} NMR spectrum (162.0 MHz, 25°C, CDCl;, 8p ppm): —41.7 br. s. 3'P-{'H} NMR spectrum (162.0 MHz,
25°C, pentane, dp ppm): —32.8 br. s.
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Crystallographic data for (3a) and (3b)

X-Ray Crystallography. Crystallographic data of compound (3a) were measured on a Bruker Kappa Apex II CCD diffractometer using graphite
monochromatic MoKa. (A = 0.71073 A) radiation and ®- and @-scan rotation at 100 K. Crystal (3a) is twin. Cell parameters were determined by program
CELL_NOW. Data collection images were indexed, integrated, and scaled using the APEX2 data reduction package as two component twin! and corrected
for absorption using TWINABS-2012/1 (Bruker, 2012).2 The structure was solved by direct methods and refined using SHELX3 program, final refinements
was made by OLEX2 programs.* All non-hydrogen atoms were refined anisotropically, H atoms were calculated on idealized positions and refined as riding
atoms.

Crystallographic data of compound (3b) were measured on a XtaLAB Synergy, Single source at home/near, HyPix diffractometer (RIGAKU). The
crystal was kept at 100.0(1) K during data collection using graphite monochromatic CuKo (A = 1.54184 A) radiation and ®- and ¢-scan rotation. Using
Olex24, the structure was solved with the ShelXT? structure solution program using Intrinsic Phasing and refined with the ShelXL® refinement package using
Least Squares minimization. All non-hydrogen atoms were refined anisotropically, H atoms were calculated on idealized positions and refined as riding
atoms. Crystal Data and Refinement Details are presented in Table 1. CCDC 2085033 (3a), 2085034 (3b) contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge Crystallographic Data Centre,
12 Union Road, CambridgeCB2 1EZ, UK; fax: +44) 1223-336-033; or deposit@ccdc.cam.uk).

1. APEX2 Version 2.1), SAINTPIlus. Data Reduction and Correction Program Version 7.31A, Bruker Advanced X-ray Solutions, Bruker AXS Inc.,
Madison, Wisconsin, USA, 2006.

TWINABS-2012/1 (Bruker, 2012).

G. M. Sheldrick, Acta Cryst., 2015, A71, 3—8

O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H. Puschmann, J. Appl. Cryst., 2009, 42, 339-341.

G. M. Sheldrick, Acta Cryst., 2008, A64, 112—122.

G. M.Sheldrick, Acta Cryst. 2015, C71, 3-8.
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Table 1. Crystal Data and Refinement Details for compounds (3a) and (3b).

3a 3b
Chemical formula C20H15F606P C23H19F606P
fw 496.29 536.35
temp. 100(2) K 100.0(2) K
radiation MoKa, 0.71073 CuKa (A= 1.54184)
cryst syst Triclinic Monoclinic
space group P-1 12/a
unit cell parametrs
a(A) 10.223(2) 10.1241(1)
b (A) 13.603(3) 13.5556(2)
c(A) 15.047(3) 34.2865(4)
a(deg) 104.000(7) 90
p(deg) 97.928(6) 98.111(1)
y(deg) 90.021(7) 90
vol (A3) 2009.7(7) 4658.35(10)
7 (Z) 4(2) 8 (1)
density (calcd) (Mg/m?) 1.640 1.530
abs coeff (mm-1) 0.230 1.850
F(000) 1008 2192

Crystal habit, color

Prism, colorless

Plate, orange

cryst size (mm)

0.21 x0.37 x0.48

0.146 x 0.124 x 0.083

0 range (deg) 1.5, 28.8 2.6 to 76.46°
index ranges -13:13;-18:17;0:20 12:12,-14:17,-43 : 21
reflns collected 48041 16879
Independent, observed (I>25), (Rint) 16754, 10189, (0.0810) 4739, 4367, (0.0274)
data/restraints/parameters 16754/0/597 4367/0 /272
final R indices (observed data), R1 and wR2 0.0453 and 0.1253 0.0350 and 0.0910.
R indices (all data), R1 and wR2 0.0636 and 0.1545, 0.0377 and 0.0928
goodness-of-fit on F2 1.036 1.056
largest difference peak and hole (e A-) —(0.525, 0.561 —0.441, 0.494
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In crystal 3a, two independent molecules A and B were observed. Both have the same conformation and all the geometric parameters of
these molecules coincide within the experimental errors, and then the averaged geometric parameters of two independent molecules are discussed
below. The geometry of the molecules 3a, b in the crystal is shown in fig. 1, 3. The phosphorus atom has almost undistorted trigonal-bipyramidal
configuration in both molecules. The sum of the bond angles in the equatorial plane is 359.8(2)° in both molecules, the bond angle between the
apical O' and O atoms is 176.1(1)° in the molecules 3a and 176.21(5)° in the molecule 3b. The deviations of the phosphorus atom from the
equatorial atoms plane (O>~03-08) does not exceed 0.046 A. The lengths of the P'~O! and P'-0O? axial bonds in the molecules coincide within
the experimental errors and are equal to 1.708(3) and 1.663(3) A (in molecules 3a), and 1.713(1) and 1.664(1) A (in molecule 3b). The lengths of
the equatorial bonds are noticeably shorter and vary from 1.574(3) to 1.635(1) A in molecules 3a and 3b, they are also the same within the
experimental errors. Dioxaphosphole rings are planar within £0.031(6) A in both molecules. Dioxaphospholane heterocycle in the bicyclononane
scaffold has the C®-envelope conformation (the deviation of the C® atom from the plane of four atoms is equal to 0.605(5) A), a seven-membered
1,3,5,2-trioxaphosphepine heterocycle has an asymmetric boat conformation. The fused with the benzene ring O?C3C*O> fragment is planar, the
P!, C%, and O° atoms deviate from this plane on one side at different distances (0.937, 1.265, and 1.846(5) lf, respectively), and the O° atom is
most deflected. The bond lengths and bond angles are usual in molecules 3a and 3b.

Figure 1. Independent part of the crystal (3a), there are two molecules A and B in the crystal cell. Non- Figure 2. Overlap of independent molecules
hydrogen atoms are shown in view of thermal ellipsoids with a probability of 50%. A and B of the crystal (3a).
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Molecules (3a) contain two chiral centers — P! and C® atoms, and during the synthesis one could expect the formation of 4 diastereoisomers, 2
enantiomeric pairs (P'sC6 g / P13C%%) and (P!sC% / P'3CS). There are four molecules for the centrosymmetric triclinic crystal (3a) in the cell, and all four
diastereoisomers could be obtained. However the independent molecules have the same absolute configuration P'3CC (Fig. 1) in the crystal of (3a), that is,
one diastereoisomeric pair is realized in it. Moreover, independent molecules in the crystal have the same conformation and their geometric parameters
coincide within the experimental errors. When the molecules are superimposed, they almost completely match (Fig. 2), including trifluoromethyl substituents
and hydrogen atoms.

There are eight molecules in the cell of the centrosymmetric monoclinic crystal (3b), but the independent part of the crystal is one molecule, which has
the same absolute configuration P',C% (Fig. 3), as in crystal (3a), that is, the same diastereoisomeric pair. Fig. 4 demonstrates the superposition of molecules
(3a) and (3b), showing almost complete coincidence of their conformations and geometric parameters, which coincide within the experimental errors.

Figure 3. Molecular structure of (3b) and atom numbering scheme. Figure 4. Overlap of molecules (3a) and (3b).

Displacement ellipsoids are drawn at the 50% probability level.

S15



Figure 6. Crystal packing of (3b). Projection along the a axis. Displacement ellipsoids are drawn at
Figure 5. Crystal packing of 3a. Projection along the the 50% probability level.
a axis. Displacement ellipsoids are drawn at the 50%
probability level.

The packing of molecules in crystals (3a) and (3b) is determined by van der Waals interactions (Fig. 5 and 6). It should be noted that the packing of
monoclinic crystal (3b) is less dense than that of crystal 3a (the calculated densities of crystals (3a) and (3b) are 1.640 and 1.530 g/ cm?). In this case, the
parameters of crystal (3b) in the triclinic setup (@ = 10.124, b = 13.556, ¢ = 18.465 A, a = 111.53, B = 98.23, y = 90.00°, V = 2329 A3) are close to the
parameters of crystal (3a) (a = 10.223 ( 2), b= 13.603 (3), ¢ = 15.047 (3) A, a = 104.000 (7), B = 97.928 (6), y = 90.021 (7)°, V = 2009.7 (7) A3). Triclinic
crystal (3a) does not convert to a monoclinic setup. In this regard, it can be assumed that compounds (3a) and (3b) can have both triclinic and monoclinic

polymorphic modifications.

S16



Table 2. Bond lengths and bond angles for molecule (3a).

bond length d, A bond length d, A bond length d, A bond length d, A
plA_QOlA 1.713(6) 0%A—CoA 1.42(1) FsA_ClHA 1.32(1) cra—c22a 1.51(1)
plA_Q2a 1.604(6) o'B_CsB 1.33(1) FéA_ClIA 1.32(1) C8A_CoA 1.35(1)
plA_QO3a 1.625(6) 0’838 1.393(9) F!B_C!oB 1.32(1) C8A_CloA 1.48(1)
plA_Q8A 1.571(6) (O R i 1.41(1) F2B_C10B 1.33(1) coAClia 1.49(1)
i O 1.666(6) OB_C8 1.386(9) F3B_C!loB 1.32(1) cha_ci3a 1.39(1)
PIB_QO38 1.634(6) OB_C*B 1.45(1) F4B_C!B 1.33(1) Ci3A_Clda 1.40(1)
pP!B_Q!B 1.712(6) O%e_C78 1.47(1) F3B_C!IB 1.33(1) ClA_CtsA 1.38(1)
p!B_QO28 1.599(6) 0o 1.41(1) FéB_C!B 1.34(1) clea_c2a 1.39(1)
pIB_QO3B 1.584(6) c3acea 1.40(1) OolA—CsA 1.35(1) CloA_Cl7A 1.39(1)
pP!B_QO%8 1.650(6) c3ac2a 1.37(1) 0?A-C3A 1.40(1) Cl7A_C18A 1.39(1)
FIA_CI0A 1.32(1) CHAClsA 1.38(1) O3A—CoA 1.38(1) CIBA_CI9A 1.37(1)
F2A_C1oA 1.32(1) csa—Cloa 1.51(1) O3A—CoA 1.437(1) choa_c2a 1.39(1)
F3A_C10A 1.32(1) CsA—CTA 1.52(1) O3A_CHA 1.386(9) C20A_C21A 1.38(1)
F4A_Clia 1.34(1) Cra_Ca 1.51(1) 0%A_C7A 1.473(9

bond angle o, deg. bond angle o, deg. bond angle o, deg. bond angle o, deg.
O!'A_plA_QO2a 87.0(3) PIB_Q’B_CB 112.9(5) O?B_PpIB_QO3B 120.3(3) C7A_CoA_Cl6A 118.1(6)
O!A_pIA_QO3A 90.4(3) C#B-0O3B_C*B 113.1(6) O’B_pIB_QO% 95.6(3) O3A_CsACloA 110.4(6)
O!A_plA_QO8a 87.6(3) pIB_Q8B_C7B 115.4(5) O!B_pIB_(O2B 87.7(3) O8A_C7A_C22A 107.1(6)
O!'A_pIA_QOoA 176.4(3) PIB_Q%8_C*B 110.1(5) O!B_PpIB_QO3B 90.2(3) O¥A_C7A_C234A 108.1(6)
O?A-PIA_QO3A 116.6(3) 0?A-_C3A_C2A 117.1(7) O3B_pIB_QO%B 86.6(3) OB8A_CTA_COA 101.5(6)
O?A—pl1A_QO8A 120.1(3) Cir-_C3AClaa 119.9(8) O’B_PpIB_QO3B 124.2(3) CRA_CTAC2A 112.0(7)
O?A-PIA_O%A 96.0(3) O?A-C3A-_CHA 122.9(7) PIA_QIA_C3A 111.9(5) COA_CTAC22A 112.7(7)
O*A_plA_QO8a 123.1(3) O3A_CHA_C3A 118.6(7) plA_Q2A_C3A 123.9(5) CoA_CTACBA 114.6(7)
O3A_PpIA_OoA 86.3(3) O3A_CHAC13A 120.5(7) PIA_Q3A_CoA 113.6(5) CoA-—CBA_CloA 131.2(8)
08A—PIA_QO%A 92.7(3) CcAcarClsa 120.8(7) CH_O3A—CoA 115.4(6) O!A_CBACoA 112.2(7)
O88_pIB_QO% 92.4(3) O3A-CsA-—QO% 108.3(6) pPIA_Q3A_CTA 115.2(5) O!A_C8A_Cl0A 116.6(8)
O!B_PpIB_QO3B 87.6(3) O3A-CA_CTA 106.4(6) PIA_Q9A_CoA 108.9(5) O3A_CoA—C8A 111.9(8)
O!B_pIB_QO% 176.2(3) O%A—CSACTA 102.8(6) P!B_Q!B_(C8B 112.1(5) OA-CoA-CliA 115.8(7)
O’B_PpIB_QO3B 115.3(3) O%A_CsA—CloA 110.2(6) pPIB_Q?B_C3B 124.7(5) C8A_CoAClIA 132.3(8)

Table 3. Torsion bond angles for molecule (3a).
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torsion angle T, deg. torsion angle T, deg. torsion angle T, deg. torsion angle T, deg.
O?A-PIAQ!A_C3A —118.0(6) | C19B_C8B_CB_08 | 177.2(7) PIA_QBA_CTACSA —22.8(7) CTACSACIAC2A | —T73.6(7)
O3A_PIA_QIA_C3A —1.4(6) O!B_C8_(C%_(O3B 1.209) PIA_OBA_CTA_C2A | 95.5(6) O>A-CSA—CTA-O8A 172.1(6)
O¥A_PIA_Q!IA_C3A 121.7(6) O!B_C8B_CB_C!B | 179.1(8) PIA_QOA_COACISA | —171.0(5) | OA-CA-CTAC22A 75(1)
O!A_PIA_Q2A_C3A —-172.2(6) | O'B_PIB_Q?BC38 —172.8(6) | PIA-OQ%A_C5A-0O4 68.2(6) CTA_COA_CI6A_CITA | 48(1)
O3A_pPlA_Q2A_(3A 98.9(6) (Q3B_PIB_()2B_(3B 98.0(6) PA_Q9A_(C6A_CTA —44.2(6) CL6A_(COA_CTA_(C22A 17(1)
O#A_PIA_Q2A_C34 —86.7(7) OB_pIB_Q?B_C38B —86.8(7) PIB_Q!B_C8B_(C%8 0.2(8) OA_COACIoAC21A | 40.1(7)
O%A-PIA_QO2A_C3A 10.0(6) O%B_PIB_(Q2B_C38B 9.2(6) PIB_QIB_C8B_CIB | —176.5(5) | OA-CA-_C7A-0O8%4 —74.1(7)
O!A_PIA_(3A_(%A 1.1(5) O!B_pI1B_()3B_(9B 1.9(5) P!B_()2B_(3B_(4B 43(1) O%A_(COA_CTA_C22A —82.1(9)
O?A-PIA_QO3A_CoA 87.9(6) O?B_PIB_Q3B_CB 89.5(5) PIB_Q2B_C3B_CI2B | —141.4(6) | C!A_COA_CTA_C23A 156.3(6)
O8A_PIA_Q3A_CA —86.3(6) OB_p!B_Q3B_CB —85.4(6) PIB_Q3B_CB_(C88 —2.2(8) OA_COACTACBA 161.7(7)
O%A—PIA_QO3A_CoA —177.2(5) | O%B-P!B_QO3B_C8 —176.0(5) | PIB-O3B_CB_C!!B 179.5(5) Cl6A_CoA_CTAO8A —178.3(8)
O!A_PIA_QOBA_CTA —177.8(5) | OB—_PIB_Q%B_C%B 28.5(5) CB-_O3B_CB_O%B 36.9(8) O!A_CBA_CIACIIA -3(1)
Q2A_PIA_QSA_(7A 97.1(5) ()2B_p1B_()9B_(¢6B —92.2(5) (C6B_()SB_(4B_(15B 110.1(8) (C3B_(4B_(C15B_(C14B 50(1)
O3A_PIA_QOBA_CTA —88.8(6) O3B_PIB_Q9B_C6B 152.7(5) CB_O3B_COB_CIB | —85.9(8) Cl6B_C6B_C7B_C22B 154.6(7)
O%A_PIA_QO3A_CTA —-1.4(5) PIA_QIA_CBACIOA | —179.4(6) | CSB-O%B_C*B_C3B ~73.909) O?B_CB_C7B_C23B 162.5(7)
O?A-PIA_QOA-_COA —92.6(5) PIA_QIA_CBA_CoA 1.309) CB-_O3B_CB_C78 146.3(6) CI6B_C6B_C7B_QO8B —41.5(10)
O3A_PIAQA_C6A 151.1(5) PIA_Q?A_C3A_CHA 43.3(11) PIB_O3B_C7B_CZB | —143.6(6) | OB-COB_C!6B_C2IB 19.2(11)
O¥A_PpIA_QO9A_COA 28.1(5) PIA_Q2A_C3A_CI2A | —141.4(6) | P!B-O3B_C7B_CSB —21.3(8) O%B_CeB_CI6B_C!7B —-162.1(7)
O!B_PIB_Q8B_C7B —178.4(6) | PIA-O3ACoA-_C3A —0.6(8) PIB_Q8B_C7B_(C22B 95.2(7) O%B_CeB_CI6B_C21B —99.909)
O?B_pIB_Q8_C78 95.6(6) PIA_Q3A_CACI'A | 177.6(6) PIB_Q9_CSB_CIB | —171.5(5) | C"B_CB_C!B_C!"B 78.8(10)
O3B_PIB_()8B_(7B —89.7(6) C4A_QSA_COA_CI6A —85.3(7) P!B_Q9B_C6B_(C7B —43.8(7) C7B_(C6B_(16B_(21B —82(1)
O%_Pp!B_Q8_C78 —2.2(6) CoA_O3ACHAC3A —72.009) PIB_Q%B_CB_0O%B 67.0(7) C!6B_CB_C7B_(C23B 139.8(7)
O?B_PpIB_Q!B_C8B —116.6(5) | C*A-O3A-CSA-_CTA 145.4(6) O%A_CSA-CIA_CITA |1 —166.9(7) | O3B-CSB_CI¢B_CI17B 41.3(9)
Q3B_pPIB_(IB_(8B ~1.2(5) C4A_QSA_(C6A_(%A 35.4(8) OSA_COA_CL6A_C17A | _47. 4(9) (Q3B_(6B_(7B_(023B 38.6(8)
O88_PIB_Q!BCEB 123.0(5) COA_OACHACISA | 111.3(8) O3ACOACIAC21A | 136.4(7) O?B_CB_C7B_O%8 —74.1(8)
O3B_C*B_C7B_QO88 —74.7(7) PIA_OA_CTA_CZA | —143.7(5) | OA-COACTACHA | 42.6(8) O%B_CeB_C7B_C22B —100.909)
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Table 4. Bond lengths and bond angles for molecule (3b).

bond length d, A bond length d, A bond length d, A bond length d, A
PL-QO! 1.713(1) F4_Cl0 1.328(2) o8-’ 1.477(2) Cci-_CP 1.381(2)
P-0? 1.602(1) F3-Cl10 1.323(2) 0°-C°¢ 1.407(2) chr-—c20 1.386(2)
PL-O? 1.635(1) F6_C10 1.334(2) cr-cn 1.391(2) cx-c! 1.393(2)
P03 1.585(1) o 1.345(2) ch-cH 1.387(2) c2-Cc® 1.531(2)
PO’ 1.664(1) 0*-C? 1.405(2) Cl4-CP 1.389(2) Cc2B-_C 1.529(2)
FIC!! 1.345(2) o-C° 1.387(2) cle—Cv7 1.393(2) cH-C? 1.528(2)
F2-C!! 1.320(2) o>-C* 1.381(2) cre—c2! 1.392(2) C»-C?¢ 1.528(2)
F3-C!! 1.316(2) 0>-C*¢ 1.450(2) Ccl—Cm 1.392(2)

bond angle o, deg. bond angle o, deg. bond angle o, deg. bond angle o, deg.
O!'-P-0? 87.55(5) PL-08—C’ 115.23(8) | O%-C’C°® 101.1(1) F4-_Clo—C8 111.1(1)
O!'-P-0O3 89.88(5) PI-0°-C?¢ 109.46(8) | O8-C’-C* 107.1(1) F3-C0_F¢ 107.6(1)
O!-Pl-0O8 87.66(6) o*-C*-c# 121.2(1) 08-C’-C?* 107.6(1) F5-Clo—C8 112.0(1)
O'-P-0° 176.21(5) 0-C3-C'? 117.7(1) Ccs-C’-C* 116.4(1) F6—Co—C8 110.6(1)
0*-P-0O3 116.90(6) c-c3-C? 121.0(1) Cs—C7—C2¢ 111.5(1) Fl_C!l_F? 106.0(1)
0*-P-08 119.55(5) o>-C+-C? 119.8(1) C2-C7—C?¢ 112.2(1) FI_C!l_F3 105.7(1)
0*-P-0° 95.58(6) 0>-C*-CP 120.4(1) o'-c8-C° 113.4(1) FL_C!-—C° 111.8(1)
O*-Pl-08 123.31(6) c-Cc-Chs 119.7(1) o!l-Cc8-Cto 115.5(1) F2-C!-F3 109.6(1)
O*-P-0° 86.80(5) 0>-C*-0? 108.7(1) co-c3-Co 131.1(1) S Sl O 112.1(1)
0%-P-0° 92.63(5) 0o>-C*-C7’ 106.0(1) 0*-C*-C8 111.4(1) F3-C!-C? 111.2(1)
PL_O!-C? 111.58(9) O>-Cs-C!¢ 110.5(1) o-C-C!! 115.2(1) c-cr-cB 119.1(1)
Pl-0>-C? 124.66(9) 0°-C*-C7’ 103.2(1) c-C-Cl!t 133.5(1) cr—cB-cH 120.2(1)
i O 113.51(9) 0°-C4-CI 111.4(1) F4-_CI0_F>5 108.3(1) CB-_CI-CP 120.5(1)
C+-0>-C® 113.7(1) C’-cs-C!¢ 116.7(1) F4—_CI0_F¢ 106.9(1) ciCh-—CH 119.5(1)
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Table 5. Torsion angles for molecule (3b).

torsion angle T, deg. torsion angle T, deg. torsion angle T, deg. torsion angle T, deg.
0*-Pl-O'-C? —121.95(9) | O>-P!-0°—C* —-91.55(9) | PI-03-C"—C*2 —144.02(9) | O-CS-C!—CV" —47.6(2)
O*-P-0O'-C? —5.0(1) O’-P'-0°—C$ 151.72(9) | PI-O8%-C7-C* 95.2(1) O>-Cs—Clo—C2! 134.8(1)
08%-Pl-O'-C? 118.33(9) | O3-PI-O°—C* 28.49(9) P-0°-C*-0° 68.1(1) o*-Ccé-Cls—Cl” —168.42(12)
O'-Pl-0*-C3 —-174.6(1) | PI-O'-C8-C° 3.8(2) PI-O%-CS5—C’ —44.1(1) 0°—Cs—Clo—C2! 13.9(2)
0*-Pl-0>-C3 96.8(1) PI-Q!-C8-C!0 -173.1(1) | PI-O%-C5-C!¢ —170.03(9) | C’-Cé-C!-C!7 73.5(2)
0%-Pl-0>-C3 —88.7(1) P-0>-C*-C* 45.0(2) 0>-C3-C*-03 0.3(2) c—cs-clo—C?! —104.2(2)
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Figure 7. 3'P-{'H} NMR spectrum (242.94 MHz, CDCls) of the initial phosphole (1a).
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Figure 18. 3C NMR spectrum (100.6 MHz, acetone-ds) of phosphorane (3a).
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Figure 19. The aromatic carbons region of 3C NMR spectrum (100.6 MHz, acetone-ds) of phosphorane (3a).
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Figure 21. High-field regions of 1*C-{"H} NMR spectrum (100.6 MHz, acetone-ds) of phosphorane (3a).

S35



M,..L‘.l“l A l

120 110 100 90 80 70 60 50
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Figure 23. Low-field region of 3C-{'H} and *C NMR spectra (100.6 MHz, acetone-ds) of phosphorane (3a).
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Figure 30. The fragment (400-2000 cm™") of IR spectrum (KBr pellet) of phosphorane (3a).
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Figure 33. °F NMR spectrum (386.5 MHz, CDCls) of the phosphole (3b) and perfluorodiacetyl reaction mixture after heating at 60°C for 40 min and
evaporation of dichloromethane in vacuo [compounds (3b) and (4b) in the ratio of 50 : 1].
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evaporation of dichloromethane in vacuo [compounds (3b) and (4b) in the ratio of 50 : 1].

Figure 34. '"H NMR spectrum (400 MHz, CDCl;) of the phosphole (1b) and perfluorodiacetyl reaction mixture after heating at 60°C for 40 min and
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Figure 35. Fragment of "H NMR spectrum (400 MHz, CDCl;) of the phosphole (1b) and perfluorodiacetyl reaction mixture after heating at 60°C for 40 min
and evaporation of dichloromethane in vacuo [compounds (3b) and (4b) in the ratio of 50 : 1].
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Figure 36. Low-field fragments of '"H NMR spectra (400 MHz, CDCl;) of the phosphole (1b) and perfluorodiacetyl reaction mixture after 11 days (blue)
[compounds (3b) and (4b) in the ratio of 1 : 1] and after heating at 60°C for 40 min (red) [compounds (3b) and (4b) in the ratio of 50 : 1].
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Figure 37. Up-field fragments of '"H NMR spectra (400 MHz, CDCls) of the phosphole (3b) and perfluorodiacetyl reaction mixture after 11 days (blue)
[compounds (3b) and (4b) in the ratio of 1 : 1] and after heating at 60°C for 40 min (red) [compounds (3b) and (4b) in the ratio of 50 : 1].
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Figure 38. BC-{'H} and '*C-{'H}-dept NMR spectra (100.6 MHz, CDCl;) of compound (3b).
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Figure 39. BC-{'H} and '3C NMR spectra (100.6 MHz, CDCl;) of compound (3b).
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Figure 40. Fragments of *C-{'H} and '*C NMR spectra (100.6 MHz, CDC]ls) of compound (3b), the 88-149 ppm region is shown.
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Figure 41. Fragments of *C-{'H} and '*C NMR spectra (100.6 MHz, CDC]ls) of compound (3b), the 147, 142 137-145 ppm regions are shown.
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Figure 42. Fragments of 13C-{'H} and '3C NMR spectra (100.6 MHz, CDCl;) of compound (3b), aromatic carbon region is shown.
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Figure 43. Fragments of *C-{'H} and 13C NMR spectra (100.6 MHz, CDCls) of compound (3b), trifluoromethyl groups region is shown.
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Figure 44. Up-field fragment of 3C-{'H} and '*C NMR spectra (100.6 MHz, CDCls) of compound (3b).
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Figure 45. BC-{'"H} NMR spectra (100.6 MHz, CDCls, red; 150.9 MHz, CH,Cl,/CDCls, blue) of compound (3b, red) and its mixture with phosphorane (4b)
in the ratio of 1 : 1 (10 days after the start of the reaction).
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Figure 46. Fragments of *C-{'H} NMR spectra (100.6 MHz, CDCl;, red; 150.9 MHz, CH,Cl,/CDCls, blue) of compound (3b, red) and its mixture with
phosphorane (4b) in the ratio of 1 : 1 (10 days after the start of the reaction).
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Figure 47. Fragments of *C-{'H} NMR spectra (100.6 MHz, CDCl;, red; 150.9 MHz, CH,Cl,/CDCls;, blue) of compound (3b, red) and its mixture with
phosphorane (4b) in the ratio of 1 : 1 (10 days after the start of the reaction), the 114-136 ppm region is shown.
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Figure 48. Up-field fragments of *C-{'H} NMR spectra (100.6 MHz, CDCl;, red; 150.9 MHz, CH,Cl,/CDCl;, blue) of compound (3b, red) and its mixture
with phosphorane (4b) in the ratio of 1 : 1 (10 days after the start of the reaction).
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Figure 49. 3C-{'H} NMR spectrum (100.6 MHz, CDCl;) of compound (3b).
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Figure 50. Fragment of *C-{'H} NMR spectrum (100.6 MHz, CDCl;) of compound (3b), the 107-136 ppm region is shown.
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Figure 51. Up-field fragment of 3C-{'H} NMR spectrum (100.6 MHz, CDC]l;) of compound (3b).
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Figure 52. 3C NMR spectrum (100.6 MHz, CDCls) of compound (3b).
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Figure 53. Fragment of *C NMR spectrum (100.6 MHz, CDCl;) of compound (3b), the 122-131 ppm region is shown.
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Figure 54. Up-field fragments of 3C NMR spectrum (100.6 MHz, CDCl;) of compound (3b).
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Figure 55.3'P-{'H} NMR spectrum (242.94 MHz, acetone-ds) of compound (3b).
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Figure 56. '"H NMR spectrum (600 MHz, acetone-ds) of compound (3b).
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Figure 62. 3C NMR spectrum (100.6 MHz, acetone-ds) of compound (3b).
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Figure 67. BC-{'H} and '*C NMR spectra (100.6 MHz, acetone-ds) of compound (3b).
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Figure 68. 3C-{'H} and '3*C NMR spectra (100.6 MHz, acetone-ds) of compound (3b), aromatic carbons region is shown.
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S8&3



(L ——

LI N I N B B B N B B B B B N B B B N N A B B N B B N N B B B

126.0 125.0 124.0 123.0 122.0 121.0 120.0 119.0 118.0 117.0 116.0
Figure 70. Fragments of 1*C-{'H} and '3C NMR spectra (100.6 MHz, acetone-ds) of compound (3b), trifluoromethyl groups region is shown.

L L T T T LI LI L LI B LI LI L

S&4



L Mtwvwm e |

|||||| | JSLJNLINL LI B N N I I |

36 35 34 33 32 3Il 3(’) 2I9 28 27 26 25 24 23 22 21
Figure 71. Up-field fragments of 3C-{'H} and '*C NMR spectra (100.6 MHz, acetone-ds) of compound (3b).

S8&5



140 130 120 110 100 90 80 70 60 50 40 30

Figure 72. BC-{'H} and '3C-{'H}-dept NMR spectra (100.6 MHz, acetone-d¢) of compound (3b).
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Figure 76. The fragment (400-2000 cm™") of IR spectrum (KBr pellet) of phosphorane (3b).

S90



Figure 77. BP-{!H} NMR spectra (162.0 MHz, CH,Cl,/C¢Ds) of the phosphole (1b) and perfluorodiacetyl reaction mixture in 5 days at 25°C (red), in 11
days at 25°C (blue) and after heating for 40 min at 60°C and evaporation of dichloromethane in vacuo (black, CDCl;).
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Figure 78. 3P-{"H} NMR spectrum (162.0 MHz, pentane) of the phosphole (1b) and perfluorodiacetyl reaction mixture after 11 days and evaporation of
dichloromethane in vacuo [compounds (3b), (4b) and (Sb)].
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Figure 79. '°F NMR spectra (376.5 MHz, CH,Cl,/C¢Dg) of the phosphole (1b) and perfluorodiacetyl reaction mixture after two hours at 25°C (red), 12 days
(blue) and after heating at 60°C for 40 min and evaporation of dichloromethane in vacuo (black, CDCl3).
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Figure 80. '°F NMR spectrum (386.5 MHz, CH,Cl,/C¢Ds) of the phosphole (3b) and perfluorodiacetyl reaction mixture after 12 days at 25°C [compounds
(3b), (4b) and (5b)].
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Figure 81. BC-{'"H} NMR spectrum (150.9 MHz, CDCls) of the compounds (3b) and (4b) mixture (1 : 1).
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Figure 86. The 114-137 ppm region of 3C-{'H} and '*C NMR spectra (150.9 MHz, CDC]l;) of the compounds (3b) and (4b) mixture (1 : 1).
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Figure 87. High-field region of *C-{'H} and '3C NMR spectra (150.9 MHz, CDCls) of the compounds (3b) and (4b) mixture (1 : 1).
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Figure 88. 3C-{!H} and *C-{'H}-dept NMR spectra (150.9 MHz, CDC];) of the compounds (3b) and (4b) mixture (1 : 1).
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Figure 91. °F NMR spectrum (376.3 MHz, CD,Cl,, —5°C) of compound (5b), 15 min after mixing the reagents (1b) and (2).



2L00°TT

$£00°€7 \-
o
S6VT 67\

~—

SELOTE —

7966'€S

19L5°68
PO8CTTT

ELLT'EE]
86L1'EE
6661 ¢
7eCSEEl
SpeS el
0185°€€1
1009°€€1
cE88cLl
LTO6'EE]
00€6°€El
7956 €E€1
TOLOEEL
9600 ¥E1
601 €1
615E el
SLLEVE]
095 vE1
6059 vET
LYILLET
LSYLLEL
9LLL'LET
06€8°LET
90L8°LET
7€06'LET
SLIT'8ET
v 8E1
v081°8€1
69€T'8ET
EPLT 8EI
£50t'8€E1
€eee'8¢el
L9181
0SS 8€1
SO8S8ET -
cr198E] J

st oa s a4

10

mew

P1'E6EET
E7SHEET _\_
€OLOEE] =
99°00¥E1 ——

0L TEPE]
CIEErE]
69°SEFE]
(£ 4:1323
8T IvreEl =
ITErveEl o/~

(1t

i
0r9LYEl JF
90°6LYE1
CET8HEL
10'P8HE

T T
133.6 133.2

T
134.0

1™

SgSICE —
£y 12SEl /-

LEGESET —
F6'8FSET —

€T LS8ET
CE098ET =
9 €98€] ——
Teolse =
179861/
9L'L6SE]
L6'00651

60 706E1 ..yu —

LL606E1
ECEIOE]

N— —

€O916E] — —

89°6l6E1 —~

£6°LE6ET —

ZE1P6El — —=
SEPPOE] /-
L LY6ET % —

20'186S1 _/—
v 861/
P1166€1

I\l
88°C66€ 1 %
P LO6E]

T
134.4

138.4 138.(

138.8

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

Figure 92. BC-{!H} NMR spectrum (100.6 MHz, CD,Cl,, —5°C) of compound (5b).

S106



LILTLTT —
LSSELTT —

LT60°6C1

CLOL'6CTI —\

e 6Tl =

9€€60€] _
ST01°€€1 ]
€STIEET ]
TLYTEET ]
ELLTEET ]
86LY'EET ]
6667 €1 ]
pSTSEET ]
PSS EET ]
0185°€€1 ]
1009°€€T
SE88'EE]
L206'€€1
00€6'€€1
7956 €E1
T6L6'€E1
9500'F€1
601 PEL

6ISE TEl
CLLEVE mﬁ
0025 €1

60SOPEl =

LYILLEL
LSYLLET
OLLL'LET
0SERLET
Q0LY LEL
¥€06'LET
SLIT'SE1
Por1'SEL
b0S1'SET
69€T 8ET
EVLT €]
€60€°8€1
€eeegel |
L91S'SET ]
7055 '8€T |
08581 |
Zv19'8€1
€vv9'8€1 |
08.9'8€1 |
180L°8€1 |
607 8ET |
0St6'8ET |
6986'8€1 |
€5L06E1 |
9260'6€1
1801°6€1
#971'6€1 |
9917 Ci1
9887 i1

08T vl
68SE° Sl

_——————

LE9ESET — — ——

134.5

o' 8PCEl — — ——

LYIL'LE
LSVL'LEL 2\
A
90L8'LET ——
vE06'LET ——
b1 SEl
P081'8E %
69€T'8E1 = —
ot
€CEE8El = —

PoscsEl

B
S08S'8€1 %
W19'8€l .\l —
CY19°8€l

08L9'S€1

180L'S€1
s
6986'8€1 _/
€6L0'6E1 =
9Z60°6€1

1801°6€1

YOT1'6€1

86819V — —

|'4°74°) 4 P

T L T ¥ T
138.8 138.4 138.0

—
139.2

134.7

CZOL' €€l
S
€LLUEET ——

A

86LY €€
i)
Speseel =
018<"€E] =
1009 €E1 —/~

LT06EEL —/— -
00£6 €€ T % ———

796°€E T ==
T6L6'EE
9S00 FE1

601EPEl
61SEVEl ——
SLLEYET /~

145.3

145.4

TTTTT T T T T T T T T T[T T T TTTTT

ecoreyl — .

LV LIEY]T —

133.2

142.2

142.3

145 144 143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127
Figure 93. Low-field fragment of *C-{'H} NMR spectrum (100.6 MHz, CD,Cl,, —5°C) of compound (5b).

146

S107



[ = oy iy = o — ~ cnw ol oo O <t
-~ o o on<t SN O~ o o O [onl=n}
== o tonh & <t SN o N SN e~ —_—— (=] oo N o — o ~eon —cn oo
S e —S & o— R en —~ &0 =  wns So = s m— e
< < =t o —— e el [ el S 0o (ol i O oWy o~ [ [3a] [l ——
o ol = o oo oIy ~\O — —— = < cn — —— — ~\c —— ——
— — —— <t <t —— oy — —— =) NN — —— ~ [Vt —— —
o~ oy oIy — —— — ——
PN E T \| Ul | A ool I o NN
124.0 1'!18.0 122.0 121.0 120.0 119.0 118.0 117.0 116.0

me N bwwuw

Ty T L TTT 0 L I F EE D PR RS R T R B RET G el PR I T
115.0 114.0 113.0 112.0 111.0

Figure 94. The 110-126 ppm region of 3C-{'H} NMR spectrum (100.6 MHz, CD,Cl,, —5°C) of compound (5b).

LELELN LELIE N LT ER LN L LER I LA T EEFT T T LEE LR LI LS ) LT LR L 2 [E N
125.0 124.0 123.0 122.0 121.0 120.0 119.0 118.0 117.0 116.0

S108



£7°980C
06'680C
¥8°€60C
89°081¢C
CL'S8IT
L9'681T
Eve6lt
99'60CC
68'S1CC
g6'1cee
LT'LCTT
8V’ SIET
0€'LEET
1L°TrET
61°SPET
05'67ET
19°CEYT
£0°EPYT
09°St¥C
0°este
69'1LST
SEGLST
9G°LLST
L9°08ST
60°L85T
°E'L69T
cLoLe
87'SOLT ]
1L908C |
88°618C
SP'818C
16°0£6C
26'S€6T
cE0r6T
SS916C
€6°590¢€ |
18°0L0€E
C6'CLOE
€9'68¢¢ |
LL€6EE ]
95°00%¢
¢1'806¢ |
0F'615¢
18VCSE |
cELY9E |
1L°059€

26'€69¢ |
9L°£006
9€'0106
¥1'9106

89°0¢ol1
SO'8F611
9E V6611
85°01¢Cl
ereeel
£9'892¢1
68 16ECI
65°85¢€C]
LS eovTl
£5°00ST1
9T THSTI
€T°5S9T1 |
0¥'€99¢1

SLOOVET —

69°SEVEL
06:8EVEL 1\
6L TFPEl \=
LS EPPET =

TTILYEL
SI6LYEL -\
SHISPEL \=
10H8PEl =

T6'FCSEl —

tossen —
|\|
€6'LESET /F
$6'6ESE]
PTTPCET
60°SHSET
8C6ICE]
6L°TSSE]
S9'LGSEl

T
138.0

80°€06¢1 i

I
138.5

L17956¢

I
139.0

76'80€F1
SOTIER] = —
68 CIEY] _— —
1261601 —— —
9T YTERT
67 0EERT ——

8 v19¥l —
awIoor —  —
90°6C9Y1 — —
89991

134.6 1344 1342 134.0 133.8 133.6 1334 133.2

134.8

9L°€006

e
Que—_

967206 /

90.0

I
1422

T
145.2

LU B B I B B B B B N I B B B L B B B B L B B B L B B L B B B B B L B B B B B L B B B B I B By B

8 8 75 70 65 60 55 50 45 40 35 30 25 20 15

90

150 145 140 135 130 125 120 115 110 105 100 95
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Figure 96. The 115-125 ppm region of 3C NMR spectrum (100.6 MHz, CD,Cl,, —5°C) of compound (5b).
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Figure 97. High-field fragments of '3C-{"H} NMR spectrum (100.6 MHz, CD,Cl,, —5°C) of compound (5b).
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Figure 98. 3C-{'H} and '3C NMR spectra (100.6 MHz, CD,Cl,, —5°C) of compound (5b).
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Figure 100. The 115-125 ppm region of 3C-{'H} and '*C NMR spectra (100.6 MHz, CD,Cl,, —5°C) of compound (5b).
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Figure 101. The 132-140 ppm region of 3C-{!H} and '*C NMR spectra (100.6 MHz, CD,Cl,, —5°C) of compound (5b).
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Figure 102. High-field fragments of 3C-{'H} and '*C NMR spectra (100.6 MHz, CD,Cl,, —5°C) of compound (5b).
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Figure 103. 3C-{'H} NMR spectra (100.6 MHz, CDCl;, 25°C, red; 100.6 MHz, CD,Cl,, —5°C, blue) of compounds (3b, red) and (5b, blue).
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Figure 104. Fragments of 3C-{'"H} NMR spectra (100.6 MHz, CDCls, 25°C, red; 100.6 MHz, CD,Cl,, —5°C, blue) of compounds (3b, red) and (5b, blue).
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Figure 105. The 115-145 ppm region of *C-{'H} NMR spectra (100.6 MHz, CDCls, 25°C, red; 100.6 MHz, CD,Cl,, —5°C, blue) of compounds (3b, red)
and (Sb, blue).
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Figure 106. The —66+—64 ppm region of '°’F NMR spectra (376.3 MHz, CD,Cl,, 5°C, the next day, red; 5°C, in two days, blue) of compound (5b); minor
quartets belong to compounds (3b, 5b).
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Figure 108. 3!'P-{'H} NMR spectrum (162.0 MHz, CD,Cl,, 5°C; after 3 days at 5 °C) of compound (4b); minor signals belong to compounds (3b) and (5b).
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Figure 111. 3'P-{'"H} NMR spectra (162.0 MHz, CD,Cl,, 25°C, in three days at 5 °C, red; in one day at 5 °C, blue) of compound (4b).
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Figure 115. Low-field fragments of 3C-{'H} NMR spectrum (100.6 MHz, CD,Cl,, 5°C) of compound (4b); minor signals belong to compound (5b).
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Figure 116. 3C-{!H} and '*C NMR spectra (100.6 MHz, CD,Cl,, 5°C) of compound (4b); minor signals belong to compound (5b).
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Figure 117. Low-field region of *C-{'H} and '*C NMR spectra (100.6 MHz, CD,Cl,, 5°C) of compound (4b); minor signals belong to compound (5b).
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Figure 118. High-field region of 13C-{'H} and '3C NMR spectra (100.6 MHz, CD,Cl,, 5°C) of compound (4b); minor signals belong to compound (5b).
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Figure 119. B3C-{!H} NMR spectra (150.9 MHz, CDCl;, 25°C, red; 100.6 MHz, CD,Cl,, 5°C, blue) of the compounds (3b, 4b) (red) and (4b, 5b) mixtures.
Here and below (Fig. 120, 121), the lower spectrum is shifted to the right until the signals of the benzo fragment of compound (4b) coincide.
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Figure 120. Low-field fragment of 3C-{!H} NMR spectra (150.9 MHz, CDCl;, 25°C, red; 100.6 MHz, CD,Cl,, 5°C, blue) of the compounds (3b, 4b) (red)
and (4b, Sb) mixtures (blue).
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Figure 121. High-field fragments of 3C-{'H} NMR spectra (150.9 MHz, CDCls, 25°C, red; 100.6 MHz, CD,Cl,, 5°C, blue) of the compounds (3b, 4b) (red)
and (4b, Sb) mixtures (blue).
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Figure 122. Low-field fragment of 13C-{!H} NMR spectra (100.6 MHz, CD,Cl,, —5°C, red; CD,Cl,, 5°C, blue) of compound (5b) (red) and the compounds

(4b, Sb) mixture. Here and below (Fig. 123, 124) the lower spectrum is shifted to the left until the signals of the benzo fragment of compound (5b) coincide.
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Figure 123. 111-145 ppm region of B3C-{'H} NMR spectra (100.6 MHz, CD,Cl,, —5°C, red; CD,Cl,, 5°C, blue) of compound (5b) (red) and the compounds

(4b, 5b) mixture (blue).
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Figure 124. High-field fragments of 3C-{'H} NMR spectra (100.6 MHz, CD,Cl,, —5°C, red; CD,Cl,, 5°C, blue) of compound (5b) (red) and the compounds
(4b, 5b) mixture.
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Figure 125. Low-field fragment of 3C-{!H} NMR spectra (100.6 MHz, CD,Cl,, —5°C, red; 100.6 MHz, CD,Cl,, 5°C, blue; 150.9 MHz, 25°C, black) of
compound (5b) (red), the compounds (4b, 5b) and (3b, 4b) mixtures (blue and black, respectively).
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