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Fig. S1. A 500 MHz 'H-decoupled 1D 'F spectrum of a mixture produced by chloramination
of 3-fluoro-4-hydroxybenzoic acid (1) using "*NH4CI. (a)-(d) show vertical expansions scaled

as indicated.
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Fig. S2. Aromatic region of an 800 MHz 1D 'H spectrum of a mixture produced by
chloramination of 3-fluoro-4-hydroxybenzoic acid (1) using '>NH,Cl. The spectrum is
dominated by the signals of major compounds 1, 2 and 4.
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Fig. S3. A large section of a 2D 'H, "°F HETCOR spectrum of the mixture produced by
chloramination of 1.
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Fig. S4. 2D ""F DOSY spectrum of the reaction product mixture.
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Fig. S5. Partial 2D "°F, >N HMBC spectrum of the reaction product mixture acquired with the
pulse sequence of Fig. S10 without the 'H decoupling. Internal positive projections are shown
on the top and the side of the spectrum respectively. The F, trace at 368 ppm in red shows

antiphase ("Jen) multiplets with inphase splittings ("Jue) from 12 and 8.
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Fig. S6. 800 MHz 2D "'H, >N HSQC spectrum of the mixture produced by chloramination of
1 using "®*NH.CI. (b) represents a vertical expansion of (a) as stated in parts of the spectrum.
F1 noise visible in (b) is due to intense signals of compounds 1 and 2.



Timing and phase cycling of r.f. pulses of the *F-centered pulse sequences.
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Fig. S7. Pulse sequence of the'F-detected variable-time z-filtered 2D 'H, '"F HETCOR
experiment. The thin and thick filled rectangles represent high power 90° 'F (p1) or 'H (p3) and
180° ('H, p4) pulses, respectively. The 1 ms adiabatic CHIRP pulses (p44) are indicated by an
inclined arrow. A 20 ms 60 kHz CHIRP 'H pulse (p32) was used as part of the z-filter. Unless
stated otherwise, the r.f. pulses were applied from the x-axis. The delays were as follows: A1 = p44;
Az = one half of the Jur evolution; t1(0), the initial t; evolution delay time = 0.5*in0, where in0 is the
t1 increment. Go = 3%; G1= 17%; G2= 31%; Gz = 24%; G4 = 10.0%. The following phases were
used: 1= X, -X; 2= 4X, 4(-X); 3= 2y, 2(-y); ¥ = X, 2(-x), x. States-TPPI protocol was used for sign
discrimination in Fy with the phase ¢1 incremented by 90°. Purging of '°F magnetisation at the
beginning of the pulse sequence by a composite 90° '"°F pulse and PFGs minimises the
cancellation artefacts.

A,

Polarisation transfer efficiency. The H; — F polarisation transfer efficiency in a spin system of n
protons coupled to proton Hi is given by the following transfer function (neglecting relaxation):

I; = sin(n)y,r2082) [1-1 COS(”]HiHjZAz ) (1)

Setting of the 2A; polarisation transfer interval, therefore, depends on the values of the active, J,r
, and passive, Jun; coupling constants. In the absence of passive couplings, 2A2 should be set to
1/(2Ju,r) Yyielding a transfer efficiency of 100%. For spin-systems with 1, 2 or 3 passive Jun;
coupling constants of the same size as /¢, the optimum timing is equal to 1/(n/y,r), where n = 4,
5, or 6, achieving transfer efficiency of 50, 38 or 32%, respectively

In real molecules, where the Jur and Jun vary in size, the transfer is typically optimised for the
largest Jur coupling constant considering 1 or 2 passive Jun passive coupling constants. In the
experiments performed here, the transfer was optimised for Jur = 10 Hz (active) and one Jun = 10
Hz (passive) coupling constants, by setting 2A, = 1/(4*10) = 0.025 s (or 25 ms). Using the average
JHr coupling constants (in red) of aromatic protons (Table S2) and considering only the sin term of
Eqn 1, the calculated transfer efficiencies (in blue) are given on the structure below.

It can be seen that the transfer efficiency for individual positions

H reflects the sizes of Jur coupling constants, nevertheless, all but the

0.1(1.3) 0.74 (10.7) He — F transfer produce satisfactory values. In these molecules only

H H Jortho (average value 8.6 Hz) is sufficiently large to cause an

additional decrease in the polarisation transfer. Such effects are

clearly visible on the cross peaks for molecule 9 in the 2D 'H, '°F

H F HETCOR spectrum presented in Fig. 4, where the HxF cross peak

0.63 (8.6) is the most intense (no J3£"°), followed by the HsF cross peak (one

0%6 (7.5) grtho) ‘while the HeF cross peak is too weak to be detected. Despite

' ' these effects, the sensitivity of HF correlations is not the limiting

factor for the structure determination process, as commented on in
the main body of the paper.

0.40 (5.3)



(p1 (P3
P32

P,
'w RD I t, IA1I DIPSI-2 /7{ Az Az I
G, G, 5

c. [l = i

Fig. S8. Pulse sequence of "°F-detected 2D 'H, '"F TOCSY-HETCOR experiments. The thin and
thick filled rectangles represent high power 90° '°F (p1) or 'H (p3) and 180° ('H, p4) pulses,
respectively. The 1 ms adiabatic CHIRP pulses (p44) are indicated by an inclined arrow. A 20 ms
60 kHz CHIRP 'H pulse (p32) was used as part of the z-filter. Unless stated otherwise, the r.f.
pulses were applied from the x-axis. The delays were as follows: A1= p44; A> = one half of the Jnr
evolution; £1(0) is the initial t; evolution delay time = 0.5*in0, where in0 is the ¢ increment. G, = 5%;
G1=17%; G2=31%; Gz = 24%. The following phases were used: @1 = X, -X; @2 = 4X, 4(-X); 3= 2y,
2(-y); ¥ = X, 2(-x), X, -X, 2X, -x States-TPPI protocol was used for sign discrimination in Fy with the
phase ¢+ incremented by 90°. Purging of '°F magnetisation after the z-filter by a composite 90° '9F
pulse followed by the G2 PFG minimises the cancellation artefacts.

I | I
I

Polarisation transfer efficiency. The task of evaluating the overall Hi — F polarisation transfer
efficiency of the 2D 'H, '°F TOCSY-HETCOR experiment can be split into two parts, the H; — H;
TOCSY transfer and the Hi — F polarisation transfer. The former depends on the nature of the
proton network only, and yields efficiencies typical for 2D 'H, '"H TOCSY experiments; the
efficiency of the latter part of the pulse sequence is given by Eqn 1. The overall efficiency is the
product of the efficiencies of the two parts. Because of these considerations, this experiment
should be less sensitive than the 2D 'H, 'F HETCOR experiment. Nevertheless, depending on
the proton network, an increase in the 'F signal can occur. After the initial chemical shift labelling
of protons, the magnetisation is spread throughout the spin system. Taking an example of a proton
that has a small Jur coupling constant (e.g. Hs), its magnetisation may end up on multiple protons
with large Jur coupling constants. Magnetisation of these protons is then in the second part of the
pulse sequence transferred to fluorine, which means that the observed '°F multiplet may be a
superposition of several signals. This increases its intensity. Due to the antiphase nature of the
HETCOR multiplets, the inner lines of these composite multiplets may be attenuated, while the
most outer parts will always add up constructively, increasing their intensity. Analysing the HF
cross peak of Hg in molecule 9, which was missing in the HETCOR experiment of Fig. S7, this
proton has one large Juers = 8.6 Hz and one small JusHz = 2.6 Hz. This makes the He — Hs TOCSY
transfer much more efficient than the He — H> transfer, and despite the fact that that Juor and Juse
are of comparable size, the He - Hs — F transfer pathway dominates and the Hs,F cross peak
has a shape of the Hs,F cross peak. The Hg,F cross peak is clearly visible in the spectrum in Fig.
4 and the sensitivity of the 2D 'H, '°F TOCSY-HETCOR experiment is not the limiting factor for the
structure determination process.



19 [ DECOUPLE |

3

G,

-X

0.75*P32 P

| DpiPsi2, |/7(

Yy Q,

RD
H II I [ DPsi3, o

= |51,P(52 %3@ DIPSI-3¢

G, G,

Gy
133G
c. _[111 = =l

IR s ]

I
w
)

DECOUPLE |

Fig. S9. Pulse sequence of 'H-detected 2D '°F, "H CP-DIPSI3-DIPSI2 experiments. The dashed
line indicates signal acquisition before optional 'H-"H spin-lock. The thin and thick filled rectangles
represent high power 90° ('H, p1 or '°F, p3)and 180° ('H, p2) pulses, respectively. The 1 ms '9F
adiabatic CHIRP pulses (p44) are indicated by an inclined arrow. A 20 ms 60 kHz CHIRP "H pulse
(p32) was used as part of the z-filter. Unless stated otherwise, the r.f. pulses were applied from
the x-axis. The delays were as follows: &1 = 20us; 82 = &1 + (2/n)*p3; 83 = p2; t1(0) is the initial
evolution delay time = 0.5*in0, where in0 is the t1 increment. Go = 5%; G1=17%; G2= 31%; G2=
66%. The following phases were used: @1 =y, -y; @2 = 4x, 4(-x); 03 = 2y, 2(-y); ¥ = X, 2(-x), X
States-TPPI protocol was used for sign discrimination in F1 with the phase ¢1 incremented by 90°.
Purging of 'F magnetisation at the beginning of the pulse sequence by a composite 90° °F pulse
and PFGs minimises the cancellation artefacts.

Polarisation transfer efficiency. This experiment contains two spin-lock periods, the first
mediates the heteronuclear (H — F), while the second mediates the homonuclear (H — H) transfer.
In an isolated X, Y spin system, the efficiency of in-phase magnetisation transfer between the two
spin-locked spins is proportional to sin(0.5ntJyyt); the maximum (100%) therefore occurs for © =
1/Jxy. It is therefore advisable to set the polarisation transfer interval for the first transfer close to
T = 1/J7%*, where J7*#* is the largest HF coupling constant. Note that in this experiment, the H —»
H transfer is already taking place during the H — F spin-lock, and therefore the protons with small
or zero Jur coupling constants may appear in the spectra even without the additional pure H > H
transfer. This latter transfer period reinforces signal intensities and its length and efficiency
depends on the nature of the proton spin system. A typical value of around 50 ms is recommended.
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Fig. S10. Pulse sequence of a'®F-detected 2D '°F, '3C ('N) HMBC experiment optimised for "Jrc
("Jen) correlations. The thin filled rectangles represent high power 90° °F (p1) or '3C (°N) (p3)
pulses. The 1 ms adiabatic CHIRP pulses (p44) applied to '°F are indicated by an inclined arrow.
A 500 ys CHIRP pulse (p14) and 2 ms composite CHIRP pulse (p24) were applied to 3C (SN).
Unless stated otherwise, the r.f. pulses were applied from the x-axis. The delays were as follows:
d6 = 0.25/"Jex; A = pd4; A3 =2*p16+2*d16+p24+A+8us; A1 = d6 — A3/2; A2 = d6 + A3/2 — p14 +
(2/m)*p1; t1(0) is the initial t; evolution delay time = 0.5*in0, where in0 is the ¢ increment. G1= 80%;
G2=cnst30*G1, where cnst30 = (1-sfo2/sfo1)/(1+sfo2/sfo1) and sfo1 and sfo2 are '°F and '3C (°N)
frequencies, respectively. @1 = 2x, 2(-X); @2 = X, -X; @3 = 4X, 4(-X); ¥ = 2(X, -X), 2(-x, X). Echo-anti
echo protocol was used with PFGs changing sign between real and imaginary increments. Phases
¢2 and ¥ were incremented by 180° together with the PFG sign change.

Polarisation transfer efficiency. The signal intensity in this experiment is proportional to
sin(mtfgc (A + Ay). For spin systems with one '9F atom, there are no passive coupling constants
that could decrease the efficiency of the polarisation transfer. At the same time, 'H decoupling
ensures that proton-fluorine couplings do not interfere either. The HMBC experiment can therefore
achieve high levels of transfer efficiency by setting the evolution interval to A; + A, = 1/(2JFE).
In experiments performed here, the transfer was optimised for a 20 Hz Jrc coupling constant,
yielding A; + A, = 25 ms. Using average "Jrc coupling constants (in red) for the aromatic carbons
(Table S3), the transfer efficiencies for a 25 ms evolution interval are stated (in blue) on the
structure below.

It can be seen that transfer efficiency at individual positions reflects the
sizes of Jrc coupling constants, nevertheless, even a ~6 fold smaller
0.57 (7.8) Jrcs (3.5 Hz) produced transfer only 3.7 times lower than the Jrcz of
0.27 (3.5) 0.99 (21.5) 2_1 ._53 I-_Iz. The trends in cross peak intensities outlined herg are clearly
visible in the 2D '°F, '3C HMBC spectrum of molecule 9 in Fig. 4. To
rebalance the intensities in favour of cross peaks for carbons with
smaller Jec constants, the evolution interval could be lengthened, e.g.
0.29 (3.8) F set to A, + A, =1/(1.4/7) without running the risk of zeroing
0.91 (14.5) accidently cross peaks mediated by large Jrc coupling constants.
Overall, due to the absence of passive coupling constants, this crucial
experiment for the structure determination process performs well
despite the natural spread of "Jrc coupling constants.
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Fig. S11. Pulse sequence of '"“F-detected 2D '°F, '3C HMBC experiment optimised for 'Jrc
correlations. The thin filled rectangles represent high power 90° 'F (p1) or '3C (p3) pulses. The 1
ms adiabatic CHIRP pulses (p44) applied to '°F are indicated by an inclined arrow. A 500 ys CHIRP
pulse (p14) and 2 ms composite CHIRP pulse (p24) were applied to '*C. Unless stated otherwise,
the r.f. pulses were applied from the x-axis. The delays were as follows: d6 = 0.5/'Jrc; A = p44; 51
= 20us; A3=2"p16+2*d16+p24+A+8us; A1 = (Az— p14 —d6)/2 + (2/n)*p1 + 31; A2 = (Az—p14 + d6)/2;
t1(0) is the initial t; evolution delay time = 0.5%in0, where in0 is the t; increment. G1 = 80%; G, =
cnst30*G4, where cnst30 = (1-sfo2/sfo1)/(1+sfo2/sfo1) and sfo1 and sfo2 are 'SF and '3C
frequencies, respectively. @1 = 2X, 2(-X); @2 = X, -X; @3 = 4X, 4(-X); ¥ = 2(X, -X), 2(-x, X). Echo-anti
echo protocol was used with PFGs changing the sign between real and imaginary increments.

Phases @2 and ¥ were incremented by 180° together with the sign change.

Polarisation transfer efficiency. The signal intensity in this experiment is proportional to
sin(mJpcde). Depending on the spread of 'Jrc values, this experiment can be optimised very
well, with d6 = 1/(2 YJ7¥*). For the average 'Jec for these compounds (245.94 Hz, Table S2),

d6= 2.03 ms, yielding 100% transfer efficiency.

10
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Fig. S12. Pulse sequence of 'H-detected 2D H'C"F experiment for the correlation via 'Jic and "Jrc.
The thin and thick filled rectangles represent high power 90° ('H, p1 or '°F, p3)and 180° ('H, p2) pulses,
respectively. The 1 ms adiabatic CHIRP pulses (p44) applied to '°F are indicated by an inclined arrow.
A 500 us CHIRP pulse (p14) and 2 ms composite CHIRP pulse (p24) were applied to '3C. Unless stated
otherwise, the r.f. pulses were applied from the x-axis. The delays were as follows: d2 = 0.25/'Jnc; d3
= 0.5/'Jnc; d4 = 0.25/"Jrc; d6 = cnst1/'Jkc, where cnst1=0.5 for CH and 0.25 for CH2 groups; A1=d3 —
p14/2; A2= d2 — p14/2-p16 - d16; As = d2 — p14/2 - 2t1(0); Aa= d6; As=d4; Ae=p16 + d16 — (2/n)p1 +
4us; A7=p16 + d16 + 4us, where p16 and d16 are the PFG length and the recovery time, respectively.
G1 =40 %; G2 =42.51 %; G3=13%; ¢1=Y, -Y; 02 = 4x,4(-X); 3= 2X, 2(-X); @4 = 2y, 2(-y); ¥ = X, 2(-x),
X, -X, 2X, -X. Echo-anti echo protocol was used with G1 changing sign between real and imaginary
increments. Phases ¢1 and ¥ were incremented by 180° together with the sign change. Two interleaved
experiments are acquired applying either ¢z or @4 phase to the last 90° '3C pulse.

Polarisation transfer efficiency. The H - C— F polarisation transfer pathway of this pulse sequence
(neglecting relaxation) is given by the following transfer function:

A | B | C | D
I; = sin(m Yeyds) X sin(m Yepde) | | [ cos/ (1 Yepds) X sin(nfgc2d,), (2)

where j = 0,1 or 2 for CH, CHz or CHs carbons, respectively. This equation contains four terms, A, to D.
The first, A, describes the H — C polarisation transfer via 'Jcn coupling constants and can be optimised
to achieve near 100% transfer efficiency by setting ds to 1/(2'Jch). The terms B and C describe
refocusing of the antiphase '3C magnetisation with respect to the 'Jcn coupling constants. For CH
moieties these can be optimised to near 100% transfer efficiency by setting de to 1/(2'Jcr). For CH2 and
CHs carbons, a transfer efficiency of 50 and 38% is achieved by setting dsto 1/(4'JcH2) and 1/(5"'Jchs),
respectively. For molecules with one '°F atom, a 100% efficiency is achieved for the term D by setting
ds to 1/(4/7¢). To enhance the intensity of cross peaks with smaller Jrc couplings, the As interval can
be set to 1/(2.8/7#**) Alternatively, because this experiment is typically acquired after the HMBC
experiment, which provides exact values of "Jrc couplings, a bespoke optimisation can be performed.
The spectrum in Fig. 4 was acquired with ds equal to 50 ms, which using the average coupling constants
for carbons C2, C5 and C6 (Table S3), yielded the transfer efficiencies of 46, 93 and 89 % for the D
term, respectively. These predictions agree with the intensity of cross peaks of compound 9 in Fig. 4d,
where the FH2 cross peak has approximately half the intensity of the FHs or FHe cross peaks. Although
less sensitive than the HMBC experiments, sufficient signal was obtained for the compounds above the
sensitivity threshold.

11



Table S1. Parameters of the NMR experiments performed on the reaction mixture?.

Parameter RD | NS | Jevolution | SWq|SW> | TD1| TD2 AQ1 | AQ2 Overall
/experiment Is| - delay /ms | /ppm /points Ims | Is time /h
1D "°F 42k - 147.6 256k 1.89 3.3
°F-detected VT, z- 16|24 25 8.0|62.3 320 | 32k 2510.35 4.19
filtered

'H,"F HETCOR

%F-detected 'H,"F | 16|24 | 60 (H>H) | 8.0]62.3 320 | 32k 2510.35 4.19
TOCSY-HETCOR 25

2D "°F,'H CP- 2|16 90 (F—H) 16|12 768 | 8k 5110.68 9.2
DIPSI3-DIPSI2 60 (H—>H)

2D "°F,3C HMBC 2|16 25 120 | 99.6 768 | 32k 2510.35 9.2
("Jrc)

2D "°F,"SN HMBC 2|8 167 34.6 ] 200 1k | 32k 5.1]0.84 4.9
("Jrn)

(3,2)DH'C"F 1.6 |48 100 8.0/34.6 | 2x256|32k | 26.7|0.84 11.6
2D 'H, >N HSQC® 2|16 5.6 100 | 20.2 512 ] 1k 31.6]0.127 5
F DOSY¢d 2| 256 - -|134.6 16 | 128k | 3.4 4

a Acquired at 500 MHz; ® Acquired at 800 MHz; ¢ For a wider range of '°F resonances the use of
adiabatic pulses is recommended’-? ¢ Acquired using a BRUKER program, ledbpgp2s, modified
according to ref.3 The diffusion time was set to 100ms and bipolar de-/rephasing gradients (1 ms)
were applied at the strength of 5 to 95 % of the nominal value of 56 Gauss/cm increasing linearly

Table S2. Summary of "Jur coupling constants (/Hz) for the 13 characterised aromatic

compounds.
Proton H1 H2 H4 H5 H6
Compound *JnF SJhF SJur 4 dne SdnF
1* - 11.5 - 8.9 0.8
2 - 10.9 - - 1.5
3 - 10.2 - - 1.8
4* 4.4 8.5 8.5 4.4 -
5 6.1 10.9 - - 0.9
6* - 8.5 6.5 6.5 -
7* - 10.5 - 7.3 <0.5
8* - 10.8 - 8.7 1
9 - 10.8 - 9.3 1.2
10 - 10.9 - - 1.5
11 - 10.5 - 8 0.5
12 - 10.6 - - 1.7
13 - 10.4 - - 1.8
Average 5.25 10.71 7.50 8.64 1.27
Std dev +0.85 +0.34 +1.00 +0.88 +0.43

* values given are the first order approximations as protons are strongly coupled for these
compounds; highlighted coupling constants of compounds 4-6 were excluded from calculating
the average values because their structures differ significantly from the rest of the compounds.

12



Table S3. Summary of ""Jrc coupling constants (/Hz) of 13 characterised aromatic compounds.

Carbon
Compound

13
Average
Std dev

C1
3Jrc
6.1
7.2
10.7
7.9
12.2
10.7
6.4
7.5
8.6
6.8
8.9
6.8
8.9
7.79
+1.38

C2
2Jrc
20.4
20.7
22.9
23.2
23.2
26.1
19.7
23.2
22.2
20.7
211
20.0
24.3

21.53
+1.46

C3
ke
241.4
242.5
245.0
234.6
259.3
238.9
2511
245.3
243.9
242.8
253.6
247.8
246.0

245.94

+3.68

C4
2Jrc
12.9
16.1
16.1
23.2
13.2
229
12.9
12.9
12.9
16.5
12.9
16.1
16.1

14.52
+1.65

C5
3Jrc
2.5
4.3
5.5
7.9
3.6
8.6
N.D.
3.6
3.6
3.2
N.D.
3.2
4.3
3.77

+0.85

C6
4Jrc
3.2
3.2
3.2
2.5
3.2
2.5
3.9
3.2
3.6
3.2
3.9
3.9
34
3.49

+0.31

C7
(COOH)

4Jrc
2.9
3.2
3.2*

3.2

2.9
3.6

3.15
0.27

* this is a 3Jrc;highlighted coupling constants of compounds 4-6 were excluded from calculating

the average values because their structures differ significantly from the rest of the compounds.

Table S4. Summary of "*C-induced '°F isotopic shifts? (/ppb) for the 13 characterised
aromatic compounds.

Compound
1

oOoNOoO OGO, OWODN

9
10
11
12
13
Average
Stdev

C1
5.8
5.1
4.1
6.6
4.7
5.7
5.1
5.1
5.2
6.3
4.5
6.4
6.6
5.5
+0.8

C2
24.0
241
22.8
26.0
271
243
23.7
241
234
25.6
22.7
27.3
24.5
24.6
+1.4

C3
78.7
80.3
81.6
83.3
87.1
84.7
85.7
80.3
80.4
82.3
86.6
83.2
83.0
82.9
+2.5

C4
25.9
252
254
26.0
21.0
254
26.4
252
26.5
26.4
26.2
24.7
26.4
254
+1.4

C5
4.2
5.1
4.5
6.6
4.7
6.4
N.D.
5.1
4.4
5.5
N.D.
4.1
5.5
5.1
+0.8

C6
2.7
3.9
4.1
7.7
3.5
7.6
3.2
3.9
3.7
4.7
3.0
6.4
5.0
4.6
+1.6

C7
0.8
0.0
0.0
0.0
0.0
0.0
0.9
0.9
0.0
1.3
0.0
2.2
0.0
0.5
0.7

a calculated as 103 x [vs("°F12c) - vs(*°F13c))/ vi('°F) where vs and v are given in Hz and MHz

respectively; highlighted coupling constants of compounds 4-6 were excluded from calculating
the average values because their structure differs significantly from the rest of the compounds.
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Table S5. Summary of '°F, 'H, 3C and "*N NMR parameters for the 13 characterised
aromatic compounds.

8.5

Compound 'H/'F NMR parameters® 1SC/'F NMR parameters®®*9
167.83, 2.9
COOH COOH
7.68 7.66 121.90, 6.1
8.4,2.0 H H 2.0
0.8 11.5 126.71, 3.2 117.00, 20.4
1
6.94 116.98, 2.5 150.85, 241.4
8.4 H F 149.79. 12.9 F
8.9 -138.87 ’ -138.87
OH OH
166.68, 3.2
COOH COOH
7.61
7.75 H H 1.95
1.95 10.9
2 1.5
ol F
-134.71
OH
Cl
7.05 122.98, 10.7
7.09 H H 2.4 ’
24 10.2 124.66, 3.2 114.76, 22.9
1.8
3 122.93, 5.5 151.8, 245.0
Cl F Cl F
-132.75 141.19, 16.1 132.75
OH OH
6.72
H 9.0 153.18, 2.5
’ 71, 7.9
44  6.86 Ho 11s.71,
HO H 9.0 115.10, 23.2
8.5
4n 15.71. 7.9 156.51, 234.6
6.72 F
9.0 F 115.10, 23.2 -127.92
4.4 6.86 -127.92
9.0 |
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7.36

6.58,
8'61’ 8'2|-| 8.2,1.0

134.78,12.2

6.
10.9 112.57, 3.2 106.18, 23.2
5i H H
6.70. 163.08, 3.6 162.52, 259.3
8.6,1.0 HO F
0.9 102.89, 13.2 -107.32
HO F COOH
-107.32 170.84, 3.2
COOH
Cl
7.05 Cl
HO H 55 149.50, 2.5 120.48, 10.7
8.5 HO
116.14, 26.1
6 6.85
' H F 116.59. 8.6 155.76, 238.9
8.8 125.59 ’
6.5 6.87 H ' F
: -125.59
8.8, 2.2 113.94, 22.9
6.5
COOH 165.92, 3.2 COOH
7.96
814 H H 7.94 132.60, 6.4
<0.5 0 3.9 118.56, 19.7
10.5 127.02, 3.
7~ 7.54 N.D. 153.19, 251.1
81 H F F
73 -130.81 140.10, 12.9 -130.81
X X
NO, NO, 368.13, 1.5,
7.92
8.4,2.2 10.5 120.82, 3.2 111.86, 23.2
1
H F F
7.0 -135.69 151.97,12.9 -135.69, 1.5
8.4 OH OH
8.7
Cl Cl
7.04
6.93 H H 26 123.23, 8.6
8.6,2.6 10.8 124.14, 3.6 116.0, 22.2
9 1.2
118.23, 3.6 151.3, 243.9
6.86 H g F
8:6 -136.09 143.9,12.9 -136.09
9.3 OH OH
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166.46,2.9 COOH
122.33, 6.8

7.91 7.64
N.R H H N.R.
1.5 10.9 129.96, 3.2 115.90, 20.7
10
110.66, 3.2 150.87, 242.8
Br F Br F
-134.23 147.29, 16.5 -134.23
OH OH
Cl Cl
7.31 7.44
91 H H N.R. 134.42, 8.9
0.5 10.5 125.97, 3.9 118.12, 21.1
1
N.D. 153.5, 253.6
;.45 Y F
9.1 -128.57 135.67,12.9 -128.57
' X X
COOH 165.50, 3.6 COOH
8.41 7.93
NRH H N.R. 121.19, 6.8
1.7 10.6 121.94, 3.9 121.20, 20.0
12™
135.96,3.2, 152.0, 247.8
OZN F 02N F
-132.5 367.74,1.6 11466.163 -132.5,1.6
OH " OH
NO, 365.37, 1.6, 13 NO,
8.01 7.90 138.72, 8.9,
N.R.H H NR
1.7 10.4 121.17, 3.4 110.51, 24.3
n
13 122.32, 4.3 150.57, 246.0
Cl F cl F
-132.07 148.62, 16.1 +132.07,1.6
OH OH

2 3u/ppm (black); ® Jun/Hz (blue); ¢ 8e/ppm (magenta); ¢ Jur/Hz (red); © Se/ppm (black); f Jrc/Hz (red);
9 Jrn/Hz and 8'°N/ppm (cyan); "™" Unc/Hz (green); M literature chemical shift data for compounds:
4,455 6 (https://sdbs.db.aist.go.jp/sdbs/cgi-bin/landingpage?sdbsno=4176), 8;8 iJur and Jun were
determined as the first order approximation of a strongly coupled spin system. ¥ X stands for

unknown; N.D. — not detected. N.R. — not resolved
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