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Research of the Stereoselectivity and Mechanism of the Hydroboration Re—
action Between B(CF;),/Ammonium Chloride Systems with Terminal Alkyne

Sun, Guofeng Su, Min Fang, Jie Borzov, Maxim Nie, Wanli*

(Sichuan Province Key Laboratory of Natural Products and Small Molecule Synthesis, Chemical Department of Leshan
Normal University, Leshan 614000, China)

Abstract  Stereoselective hydroboration reaction of alkynes has been considered as one of the most important organic reac-
tion. To date a handful of metal-catalyzed systems have been demonstrated to achieve trans-hydroboration of alkynes. This
paper describes the first non-metal-catalyzed systems which could stereoselectively hydroborate the terminal alkynes in a
trans-configuration. The Lewis acid B(C¢Fs); and ammonium chloride have been used as the reaction substrates, and
phenylsilane as the hydride source. The hydroboration reaction could be performed in a one-pot procedure by mixing of
B(C¢Fs);, ammonium chloride and silane together in an equivalent amount. But this one-pot reaction is not so nice since there
is always mixed with the ammonium hydroborate [R,NH,]"[H-B(C¢Fs);]” intermediates products. A series of ammonium
hydroborates prepared from the corresponding primary, secondary, tertiary and quaternary amine hydrochlorides have been
isolated, and used in the directly hydroboration with terminal alkynes. To our surprise the ammonium hydroborate [R,NH,]"
[H-B(C¢Fs);]” could not react with the alkynes alone. When using [R,NH,]'[H-B(C¢Fs);]” to react with alkynes, trace
amount of catalytic Lewis acid B(C4Fs); is necessary to firstly activate the carbon-carbon triple bonds and form the crucial
zwitterionic 6-complexes. The mechanism study has shown that different from the typical Lewis acid/Lewis base FLPs sys-
tem reacted with alkynes, in this B(C¢Fs);/ammonium chloride system the ammonium chloride plays an important role on the
stereoselective control of the reaction. The week interaction between the Cl ion and B(C¢Fs); in the 6-complexes has not only
slowed down the unfavorite 1,1-carboboration reaction, but also stabilized the o-complexes which has offer the chance for
the nucleophilic reagent to attack the reaction center in a cis- or trans- mode. In our experiment the bulky ion [H-B(C¢Fs);]
could only attach the active alkynes from the trans-side and form the Z-hydroboration product. This work demonstrates that
the combination of the ammonium halides with the Lewis acid B(C¢Fs); could act as a novel “frustrated Lewis pair” to acti-
vate alkynes, and will enable the development of even more sophisticated FLP and related catalyzed reactions.

Keywords ammonium chloride; B(C4Fs)s;; silane; alkyne; hydroboration
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Figure 1 The preparation of the hydroborate compounds
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Figure 2 The reaction of B(C4Fs);/ammonium systems with alkynes
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Figure 3 Preparation of hydroborate ammoniums
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Table 1 (Z)-Hydroboration of terminal alkynes®

Entry R,NH Alkyne Product
1 CyNH, p-F-Ph-CCH [CyNH;][F-Ph-CH=CHBCF]
2 Et;NH p-F-Ph-CCH [Et;NH][F-Ph-CH=CHBCF]
3 Et;NH Ph-CCH [Et;NH][Ph-CH=CHBCF]
4 Et;NH p-Me-Ph-CCH [Et;NH][Me-Ph-CH=CHBCF]
5 n-BuyN p-F-Ph-CCH [n-BusN][F-Ph-CH=CHBCF]
6 n-BuyN Ph-CCH [n-BusN][Ph-CH=CHBCF]
7 n-BuyN p-Me-Ph-CCH [n-BusN][Me-Ph-CH=CHBCF]
8 TMP p-F-Ph-CCH [TMPH][F-Ph-CH=CHBCF]
9 TMP Ph-CCH [TMPH][Ph-CH=CHBCF]
10 TMP p-Me-Ph-CCH [TMPH][Me-Ph-CH=CHBCF]
11 i-Pr,NH p-F-Ph-CCH [i-Pr,NH,][F-Ph-CH=CHBCF]
12 i-Pr,NH Ph-CCH [i-Pr,NH,][Ph-CH=CHBCF]
13 i-Pr,NH p-Me-Ph-CCH [i-Pr,NH,][Me-Ph-CH=CHBCF]
14 Et,NH p-F-Ph-CCH [Et,NH,][F-Ph-CH=CHBCF]+F-Ph-CH=CH,’
15 +-BuNH, p-F-Ph-CCH F-Ph-CH=CH,’
“ Reaction condition: r.t., Cat: BCF 5 mol%; b Reduction product.
_ BCoFoe L OBGFss N N BCsFss R B(CeFsk
RC=CH —— > R—C — H— \:<
4 R H N H
o-complex cis trans
a b

B4 ke SRS PR ER Z A In A S R AL

Figure 4 Mechanism of the stereoselective hydroboration of alkynes
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4 SCERERSY

ARSI 1) A R AR AE T K C AR R AT I,
B R B ) BT AR S B RRY N & il TR
FK AL ],

41 TSk ER RS &

Z Wk Ll EG,NHHBCF (118 1, 45 5%
13.7 mg Et;NHCI. 55 mg BCF £l 10.8 mg PhSiH; i A\ 10
mL CH,CL, 1 M 1 h &, [AZAR RN IE S, 18R
I FRHR R o BB S A SR S U TTE b, It ek B
Jrikid g, CHLCL Wik 3 Wk, ST 45t i il 159 21
LA RE R AR S
4.2 (Z)-[TMPH][Ph-CH=CHBCF]iu%|&

ERZREE NN 6.50 mg (0.01 mmol) TMPHHBCF
T CDCL; 1, FEBIIA 1.0 mg (0.01 mmol) 7K .k, Bt
T4k 57 BCF 1.0 mg (0.002 mmol). ¥k L3 H
WRE M, J5 XA, o S AF 2 RS Y e
N: 64.84%; 'H NMR (400 MHz, 298 K, CDCl;) 6: 1.39 (s,
12H, 2,6-CH;), 1.73~1.65 (m, 4H, 3,5-CH,), 1.84~1.75
(m, 2H, 4-CH,), 4.90 (br, 2H, NH,), 6.66 (d, J=15.20 Hz,
1H, =C-H), 6.82 (d, J=15.20 Hz, 1H, =C-H), 6.97~
6.91 (m, 1H, p-C¢Hs), 7.06~6.98 (m, 4H, C¢Hs); ''B
NMR (128 MHz, 298 K, CDCly) §: —15.9 (s); “F
{'"H}NMR (376 MHz, 298 K, CDCl;) 8: —132.0 (d, J=
20.99 Hz, 0-C¢Fs), —162.70 (t, J=20.99 Hz, p-CFs),
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—166.43 (t, J=20.99 Hz, m-C¢Fs); °C {"H'NMR (100
MHz, 298 K, CDCL3) d: 15.70, 27.97, 35.33, 60.59, 125.27,
127.04, 127.98, 132.90, 136.50, 137.60, 140.81, 148.27.
4.3 (Z)-[TMPH][Me-Ph-CH=CHBCF]##I|%&
FERREE NN 13.1 mg (0.02 mmol) TMPHHBCF
T CDCL A, FINA 2.4 mg (0.02 mmol)Xf FFEZK 2,
B, I JE ML) BCF 1.0 mg (0.002 mmol). ¥ i
TEAR R, — B fE S ea R iR, Bro s a8
IR EAL =207 R oN: 57.14%; '"H NMR (400 MHz, 298
K, CDCly) 6: 1.36 (s, 12H, 2,6-CH3), 1.73~1.63 (m, 4H,
3,5-CH,), 1.83~1.73 (m, 2H, 4-CH,), 2.19 (s, 3H,
CH;-C¢Hy), 4.69 (bs), 6.61 (d, J=14.6 Hz, 1H, =C-H),
6.75 (d, J=14.6Hz, 1H, =C-H), 6.83 (d, J=7.6 Hz, 2H,
m-CgHy), 6.93 (d, J=7.6 Hz, 2H, 0-C¢H,); "B NMR (128
MHz, 298 K, CDCly) d: —16.0 (s); "F {'"H}NMR (376
MHz, 298 K, CDCl3) §: —132.05 (d, J=20.9 Hz, 0-C¢F5),
—162.81 (t, J=20.9 Hz, p-C¢Fs), —166.47 (t, J=20.9
Hz, m-C¢Fs); *C {'H}NMR (101 MHz, 298 K, CDCl;) ¢:
8.2, 15.6, 20.89, 27.85, 35.1, 60.7, 126.13, 127.97, 132.75,
135.05, 136.26, 137.95, 138.13, 148.27.
4.4 (Z)-[TMPH][F-Ph-CH=CHBCF]#%I|%&
EAZREE F NN 13.1 mg (0.02 mmol) TMPHHBCF
W CDCly H, FMIN 2.7 mg WA 2B, B I
171 BCF 1.0 mg (0.002 mmol). ¥& W H1 o (A8 ik b th,
SORGEAR Ak v . BT oy B AR B AL N
59.77%; "H NMR (400 MHz, 298 K, CDCl;) d: 1.42 (s,
12H, 2,6-CH3), 1.75~1.68 (m, 4H, 3,5-CH,), 1.86~1.78
(m, 2H, 4-CH,), 4.80 (t, J=46.1 Hz, 2H, NH,), 6.61 (d,
J=14.6 Hz, 1H, =C-H), 6.68 (t, J=8.7 Hz, 2H), 6.75 (d,
J=14.6 Hz, 1H, =C-H), 6.96 (dd, J=7.3, 8.7 Hz, 2H);
"B NMR (128 MHz, 298 K, CDCL) d: —16.0 (s); °F
{'"HYNMR (376 MHz, 298 K, CDCly) 6: —118.01 (s,
F-CgHy), —131.94 (d, J=20.77 Hz, 0-C¢Fs), —162.56 (t,
J=19.0 Hz, p-C¢Fs), —166.31 (t, J=19.0 Hz, m-C4Fs);
BC {'"HYNMR (101 MHz, 298 K, CDCl;) J: 15.6, 28.1,
35.1,61.1, 113.41, 113.58, 127.76, 129.37, 129.45, 132.09,
136.32, 137.13, 137.89, 141.18, 159.53, 161.97.
4.5 (2)-[n-BuyN][Ph-CH=CHBCF]##I%&
EREREE I 7.5 mg (0.01 mmol) n-Bu,NHHBCF
T CDCl; 1, PN 1.2 mg (0.01 mmol)ZK 2.5k, i J5
BIIA#4L 7] BCF 1.0 mg (0.002 mmol). VAW i (A8 Ky
HH O, Fo BRI AT rE %N 66.67%; 'H
NMR (400 MHz, 298 K, CDCl;) 6: 0.968 (t, J=7.30 Hz,
12H, CH3), 1.34 (sxt, J=7.30 Hz, 8H, CH,), 1.59~1.46
(m, 8H, CH,), 3.05~2.93 (m, 8H, CH,), 6.67 (t, J=15.10
Hz, 1H, =C-H), 6.75 (d, J=15.10 Hz, 1H, =C-H),
7.01~6.85 (m, 5H, C¢Hs); ''B NMR (128 MHz, 298 K,
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CDCLy) o: —16.3 (s); “F {'"HYNMR (376 MHz, 298 K,
CDCly) §: —131.70 (d, J=21.36 Hz, 0-C¢Fs), —163.89
(t, J=21.36 Hz, p-CcFs), —167.35 (t, J=21.36 Hz,
m-C¢Fs); PC {'H}NMR (101 MHz, 298 K, CDCly) ¢:
13.35, 19.50, 23.60, 58.80, 124.65, 126.5, 127.95, 132.92,
136.33, 137.67, 141.64, 148.40.
4.6 (2)-[n-BusN][Me-Ph-CH=CHBCF]##l&
FERZREE NN 7.5 mg (0.01 mmol) n-Buy,NHHBCF
T CDCL Y, FEIIA 1.3 mg (0.01 mmol)X} 32K 2,
B, e JE AT BCF 1.0 mg (0.002 mmol). ¥
TOA AR, —BEAfE, RO, o s
BRI EAL =72 3N 62.50%; 'H NMR (400 MHz,
298 K, CDCl3) d: 0.96 (t, J=7.30 Hz, 12H, CH;), 1.34
(sxt, J=17.32 Hz, 8H, CH,), 1.57~1.46 (m, 8H, CH,), 2.18
(s, 3H, CH;CgH,), 3.03~2.92 (m, 8H, CH,), 6.63 (d, J=
14.90 Hz, 1H, =C-H), 6.69 (d, J=14.90 Hz, 1H, =
C-H), 6.76 (d, J=7.9 Hz, 2H, C¢H,), 6.86 (d, J=7.9 Hz,
2H, C¢H,); "B NMR (128 MHz, 298 K, CDCl;) §: —16.0
(s); “F {IH} NMR (376 MHz, 298 K, CDCl) o:
—131.69 (d, J=18.60 Hz, 0-C¢Fs), —164.0 (t, J=20.44
Hz, p-C¢Fs), —167.41 (t, J=19.14 Hz, m-CcFs); C
{'"H'NMR (101 MHz, 298 K, CDCl;) ¢: 13.4, 19.5, 21.0,
23.6, 58.80, 127.19, 127.86, 132.87, 134.13, 136.14, 137.9,
138.77, 148.0.
4.7 (2)-[n-BusN][F-Ph-CH=CHBCF]#u%#I &
ERZREE NN 7.5 mg (0.01 mmol) n-Buy,NHHBCF
T CDCL H, FEIIA 1.3 mg (0.01 mmol)X &K Lk,
B Ja AL BCF 1.0 mg (0.002 mmol). & i
B AR, oy B3 B I A= 5= 2 72.45%,
'H NMR (400 MHz, 298 K, CDCly) §: 1.35 (sxt, J=7.4
Hz, 8H, CH,), 1.60~1.50 (m, 8H, CH,), 3.04~2.96 (m,
8H, CH,), 6.65 (t, J=8.75 Hz, 2H, C¢H,), 6.73 (d, J=
14.35 Hz, 1H, =C-H), 6.95 (dd, /=84, 5.8 Hz, 2H); ''B
NMR (128 MHz, 298 K, CDCly) d: —16.0 (s); “F
{'THINMR (376 MHz, 298 K, CDCly) 6: —119.1 (s,
F-C¢H,), —131.71 (d, J=20.28 Hz, 0-C¢Fs), —163.72 (4,
J=20.46 Hz, p-C¢Fs), —167.22 (t, J=20.04 Hz, m-C¢Fs);
BC {'THYNMR (101 MHz, 298 K, CDCl;) J: 13.7, 19.5,
23.6,59.0, 77.0.
4.8 (Z)-[i-Pr,NH,][Ph-CH=CHBCF]&9%l%&
ERZREE N 6.1 mg (0.01 mmol) i-Pr,NH,HBCF
T CDCL 1, FEIIA 1.2 mg (0.01 mmol) 2K 6k, Bt
IIAA#4EF) BCF 1.0 mg (0.002 mmol). & TG4 N
HE A, FT B AR AL RN 74.70%; 'H
NMR (400 MHz, 298 K, CDCl3) ¢: 131 (d, J=6.5 Hz,
12H, CH,), 3.49 (sep, J=6.5 Hz, 1H, CH;CH), 5.27 (br,
2H, NH,), 6.62 (d, J=13.47 Hz, 1H, =C-H), 6.83 (d, J=
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14.87 Hz, 1H, =C-H), 7.00~6.94 (m, 1H, C¢Hy), 7.07~
7.00 (m, 4H, C¢H,); "B NMR (128 MHz, 298 K, CDCl5)
5: —16.0 (s); F {"H}NMR (376 MHz, 298 K, CDCl) ¢:
—132.43 (d, J=20.77 Hz, 0-C¢Fs), —162.39 (t, J=20.77
Hz, p-C¢Fs), —166.31 (t, J=20.77 Hz, m-C¢Fs); °C
{'THINMR (101 MHz, 298 K, CDCl;) d: 20.2, 50.7,
125.66, 127.30, 128.04, 132.88, 135.15, 137.88, 140.32,
148.23.
4.9 (2)-[i-Pr,NH,][Me-Ph-CH=CHBCF]# % &

FEAZREE F NN 6.1 mg (0.01 mmol) i-Pr,NH,HBCF
%W eDCL Y, A 1.2 mg (0.01 mmol)Xf HIHEHE 2,
B, T AL BCF 1.0 mg (0.002 mmol). ¥ i
TEANERAt, —BA G, SRk, By sfs 3|
FIIEAL P27 20N 63.86%; 'H NMR (400 MHz, 298
K, CDCl;) d: 1.30 (d, J=5.91 Hz, 12H, CH;CH), 2.20 (s,
3H, CH;), 3.47 (sep, J=5.91 Hz, 2H, CH;CH), 5.48 (bs,
2H, NH,), 6.58 (d, J=14.72 Hz, 1H, =C-H), 6.77 (d, J=
14.92 Hz, 1H, =C-H), 6.85 (t, J=7.89 Hz, 2H, C¢H,),
6.95 (d, J=7.89 Hz, 2H, C¢H,); ''B NMR (128 MHz, 298
K, CDCLy) §: —16.0 (s); "°F {'H}NMR (376 MHz, 298 K,
CDCly) §: —132.47 (d, J=20.60 Hz, 0-C¢Fs), —162.50
(t, J=20.60 Hz, p-C¢Fs), —166.35 (t, J=20.60 Hz,
m-CgFs); °C {'H}NMR (101 MHz, 298 K, CDCl) 6: 19.7,
21.0, 50.5, 127.94, 128.02, 132.68, 135.40, 137.39.
410 (2)-[i-Pr,NH,][F-Ph-CH=CHBCF]#y % &

ERREE NN 6.2 mg (0.01 mmol) i-Pr,NH,HBCF
T CDCL A, FAIA 1.2 mg (0.01 mmol) X #i 7K 2.4k,
B IAMELLT] BCF 1.0 mg (0.002 mmol). 77k 1 TC €8
ARG, BT S AR KSR 59.77%;
'H NMR (400 MHz, 298 K, CDCLy) d: 1.36 (d, J=6.27
Hz, 12H, CHs), 3.58 (sep, J=6.27 Hz, 2H, CH;CH), 6.59
(d, J=14.82 Hz, 1H, =C-H), 6.70 (t, J=8.78 Hz, 2H,
CeHy), 6.75 (d, J=14.82 Hz, 1H, =C-H), 6.96 (dd, J=
7.94 Hz, 2H, C¢H,); ''B NMR (128 MHz, 298 K, CDCl,)
5: —16.0 (s); F {"H}NMR (376 MHz, 298 K, CDCl;) ¢:
—117.36 (s, F-C¢Hy), —132.3 (d, J=20.40 Hz, 0-C(F5),
—162.18 (t, J=20.48 Hz, p-C¢Fs), —166.16 (t, J=20.40
Hz, m-C¢Fs); *C {'H}NMR (101 MHz, 298 K, CDCl,) ¢:
19.5, 50.5, 113.46/113.67, 100.7, 127.7, 129.44/129.34,
132.12.
411 (2)-[EtsNH][Ph-CH=CHBCF]#Y#I|%&

EREREE NN 6.1 mg (0.01 mmol) Et;NHHBCF %
F CDCL; 1, N 1.0 mg (0.01 mmol)# 2.5k, e i
NEALT] BCF 1.0 mg (0.002 mmol). ¥ H TG AR Fik
HAO. FT AR B A TR R RN 57.30%; 'H
NMR (400 MHz, 298 K, CDCly) &: 1.29 (t, J=7.30 Hz,
9H, CH,CHa), 3.15 (q, J=7.25 Hz, 6H, CH,CH3), 6.62 (d,
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J=14.68 Hz, 1H, =C-H), 6.80 (d, J=14.68 Hz, 1H,
=C-H), 7.11~6.93 (m, 5H, C¢Hs); ''B NMR (128 MHz,
298 K, CDCly) 6: —16.0 (s); °F {'H}NMR (376 MHz,
298 K, CDCls) 0: —132.84 (d, J=20.46 Hz, 2F, 0-C(F5),
—162.51 (t, J=20.44 Hz, 2F, p-C¢Fs), —166.57 (t, J=
20.46 Hz, 1F, m-C¢Fs); *C {'H}NMR (101 MHz, 298 K,
CDCly) 6: 8.7, 47.7, 125.53, 127.15, 127.88, 132.7, 140.5,
136.50, 137.90, 148.10.
412 (Z)-[EtsNH][Me-Ph-CH=CHBCF]y% &
TERZREE AN 6.1 mg (0.01 mmol) ENHHBCF ¥
T CDCL 1, EhIA 1.5 mg (0.01 mmol)*f FJEZE Z bk,
B A IMAEALF BCF 1.0 mg (0.002 mmol). & #1756
WRRRLA A, — BTG, WA, B e R
B EAL =077 2 N 59.09%; '"H NMR (400 MHz, 298
K, CDCly) d: 1.28 (t, J=7.3 Hz, 9H, CH,CHj3), 2.20 (s,
3H, CH;C¢H,), 2.44 (bs), 3.17~3.07 (m, 6H, CH,CH;),
6.58 (d, J=14.7 Hz, 1H, =C-H), 6.73 (d, J=14.7 Hz,
1H, =C-H), 6.84 (d, J=7.8 Hz, 2H, C¢H,), 6.94 (d, J=
7.8 Hz, 2H, C¢H,); "'B NMR (128 MHz, 298 K, CDCl;) ¢:
—16.0 (s); “F {'"H}NMR (376 MHz, 298 K, CDCl;) ¢:
—132.9 (d, J=20.06 Hz, 0-C¢Fs), —162.6 (t, J=20.4 Hz,
p-CeFs), —166.6 (t, J=20.0 Hz, m-C¢Fs); °C {H}NMR
(101 MHz, 298 K, CDCLy) §: 8.5, 21.0, 23.6, 47.7, 127.7,
127.85, 135.34, 137.47.
413 (2)-[EtsNH][F-Ph-CH=CHBCF]tu%%&
FERZREE NN 6.1 mg (0.01 mmol) Et;NHHBCEF %
T CDCL ', FIIA 1.2 mg (0.01 mmol) X A 26k, %
JE InA#E4E 57 BCF 1.0 mg (0.002 mmol). ¥k i f (038
T BT B AR B E A R PR RN 57.64%;
'H NMR (400 MHz, 298 K, CDCl;) d: 1.29 (t, J=7.3 Hz,
9H, CH,CH3), 3.20~3.08 (m, 6H, CH,CH3), 6.69 (t, J=
8.5 Hz, 2H, F-C¢Hy), 6.59 (d, J=14.6 Hz, 1H, =C-H),
6.73 (d, J=14.6 Hz, 1H, =C-H), 6.98 (dd, J=7.2, 8.5
Hz, 2H, F-C¢H,4); "'B NMR (128 MHz, 298 K, CDCl;) §:
—16.0 (s); “F {'"H}YNMR (376 MHz, 298 K, CDCl;) ¢:
—117.65 (s, F-C¢Hy), —132.75 (d, J=20.5 Hz, 0-C¢Fs),
—162.42 (t, J=20.5 Hz, p-C¢Fs), —166.51 (t, J=20.5
Hz, m-C4Fs); °C {'H}NMR (101 MHz, 298 K, CDCl;) J:
8.7, 47.9, 100.74, 113.18/113.70, 127.17, 129.34/129.44,
131.96, 136.41, 136.85, 140.10, 148.22, 159.63, 161.97.
4.14 (Z)-[Cy,NH,][F-Ph-CH=CHBCF]#y#|&
FEREREE N 7.3 mg (0.01 mmol) Cy,NH,HBCF
T CDCL A, I 1.4 mg (0.01 mmol)X} 7K £ 4k,
J& AN 0.8 mg XTI 2R, B JE AT BCF 1.0
mg (0.002 mmol). &R HLEANELEE. iS55
HIB AL P27 5N 62.89%; 'H NMR (400 MHz, 298
K, CDCly) §: 1.14 (t, J=12.85 Hz, 2H), 1.25 (t, J=16.20
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Hz, 6H), 1.41 (q, J=11.68 Hz, 4H), 1.69 (d, J=11.68 Hz,
2H), 1.82 (d, J=14.0 Hz, 2H), 2.02 (d, J=10.51 Hz, 4H),
3.00~3.16 (m, 2H), 5.74 (br, 2H, NH,), 6.68 (t, J=8.70
Hz, 2H, F-C¢H,), 6.65~6.75 (m, 2H, =C-H), 7.00~6.94
(m, 2H, C¢H,); "B NMR (128 MHz, 298 K, CDCl;) o:
—16.0 (s); “F {'"H}NMR (376 MHz, 298 K, CDCl;) ¢:
—118.24 (s, F-C¢Hy), —132.05 (d, J=20.0 Hz, 0-C¢Fs),
—162.94 (t, J=20.91 Hz, p-C¢Fs), —166.57 (t, J=20.0
Hz, m-C¢Fs); *C {'H}NMR (101 MHz, 298 K, CDCl;) ¢:
24.42,24.66,29.87, 54.78, 113.35, 129.42.
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