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,..--" \ iron-nitrene MN N e Ligrc
N—N
OTf Conditions Yield of 3a
Fe''ClgPc, H,0 47%
‘ NH,*HOTf Fe''ClgPc, H,0/1,4-dioxane = 19:1 68%
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Fe'lClgPc, 1,4-dioxane 0%
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F 33 . _ i 76 x"'u
H-0/M1,4-dioxane = 19:1
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3q 69% 3r 66% 3s 86% 3t 74% 3u 76% (24 h) 3v 75% (80 °C, 24 h) 3w 83% (16 h) 3x 67% (24 h)
O @O ‘ “ a™ @f Cry
3y 80% 3z 82% 3aa 75% 3ab 45% (74%)" 3ac 53% (64%)° 3ad 73% (24 h) 3ae 54% (62%)" 3af 83%
(60 °C)
NH
NH, | /©/T\Hz NH; NH, NH NH, gl o
O Bz MeO
3ag 71% (16 h) 3ah 71% 3ai 85% 3aj 78% 3ak 66% 3al 85% (16 h) 3am 44%, 3:1 r.r. (a:b)”
(60 °C, 24 h) >10:1 r.r. (a:b) >10:1 r.r.(a:b) >10:1 r.r. (a:b) 7:1rr. (a:b) (60 °C, 120 h)
(b) Allylic C(sp®)-H Bonds {c) Unactivated C{sp3)-H Bonds NH,
NH, NH NH, NH,
NH, NH2 ?
Ph
3an 26% (31%)" 3aq 27%° 3ar 28% (16 h)°
(24 h) 3a0 45%, 9:1 rr. (a:b)’ 0 >10:1 r.r. (a:b) Jas 76% 7% 3au 57% (79%)"
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sp-type NH, 1 Conditions Yield 3/5
C—H amination _
NH,"* > laR=F FeS0O,, MeCN/H,O = 2:1 (Ref. 28) 5a, 27% <1:99
PivO”
- R
j@/\ 2 TiO 3 1aR=F Fe'ClgPc, MeCN/H,0 = 2:1 3a, 5% >99:1
R

conditions sp*-type HzN laR=F Fe''ClgPc, H,0/1,4-dioxane = 19:1 3a, 68% >99:1

1 C—H amination - | =
- Ak O = mikA~ rallss e o0 moa oA o = 19:.1 3m1 ?D% }99:1
A 1 C(spXH
A 1 _ H,N R Yield 3/(5+7)
R A | i
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W A - /v’i‘jiph U B'QC(spfiH . XFe S©
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o 1eMe-dyf2 = 1:1:1 "\ e e 1d E/Z = 5:1 3bj 37% 3ok 7% ' ' ’
. e LS R o | 3by/3bk = 5: TR S EKIE =200  CiH
DD standard conditions H H 0D " r
Ph KIE = Ky/Kp = 2.0 3 3w-d. E NH NH,
ph)S( D W 3 H 2 3 . o ..
DD CD standard condmons"__ GO + @ u E TEMPO -I— Y I
1e-dy g L TEMPO I +r
H H
H cis-3bl 42% trans-3bl <1% U E N ,.1 L H
c F Te cis-/frans-3bl >89:1 ?. . ! B ¢ .
NH | " ~100 ps€E |
TEMPO (2.0 equiv) ’ o™ e . NH, Me ’ o B P
- + z standard conditions® : P N O n CiN r
F ] standard condtions Ph”CO,Me > Ph‘?ﬂ:COQMe +  Ph” "CO.Me ’ '
a
3a <1% F 8 <1% 17 97% ee 3bm 41%, 92% ee recovered 98% ee
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c¢) This work: new-to-nature enzymatic trifluoromethylazidation of alkenes

CF,
+ NaN; {
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Rl R.
R Gluy,, ‘\Na Gluy,,
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radical
addition His
0 \ / N3
CF > 2
e i azide transfer R/\/CF3

Figure 1. Trifluoromethylazidation of alkenes.
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Major enantiomer (%)
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i FFS
o/"\\“ . N Purified BsQueD-CF3 (2 mol%) N
H Fe?*, NaNs, TPGS-T50M (3 wi%h) Wch
1
, ascorbic acid, HEPES buffer (pH 6.8) 1
1 Togni's regent | 2
N3 Ny ?3 Na N3 g
~_-CFs ~-CF3 CFs ~-CF3 A _CF; CF3 Purified BsQueD-CF; Na
@/\/ /@/\_’ /@/\/ m Togni's reagent | = cF,
Meo OMe Oe standard conditions @N
2a 2b 2c 2d 2e 2f TEMPO (2.0 equiv) 23
57% yield, 83:7 e.r. 55% yield, 90:10 e.r. 31% yield, 95:5 e.r. 17% yield, 75:25 e.r. 28% yield, 90:10 e.r. 28% vyield, 95:5 e.r, 1a not detected
Na Na Na Na N3 Na
A_-CF; A_CFs A _CFs A_CFs A_-CF3 A _CF; Purified BsQueD-CF N3
* F
F cl Br NC O:N OHC standard conditions ©/\/\/\E 3
2g 2h 2i 2j 2kla! 21 1e 2y
28% yield, 93:7 e.r. 25% vield, 937 er. 19% vield, 98:2 e.r. 22% yield, 98:2 e.r. 25% yield, 93:7 e.r. T0% vield, 95:5 e.r, 24% yield, 80:20 er.
Ns N3 Ns N, Purified BsQueD-CF5
CFs /@/:\_/CFs CF3 | S CF Togni's reagent |
MeO,C N standard conditions
CHO COMe

2m 2n 2o 2p'el 2qla! 2ri8l 1d

2slel
42% yield, 84:6 e.r.

23% vyield, 955 er.

19% vyield, 93:7 e.r.
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2t 2u

AT% yield, 56:44 e.r.

14% yield, 66:34 e.r.

13% yield, 95:5 e.r.
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2v
11% yield, 55:45 e.r.

T% yield, 95:5 e.r. 40% yield, 90:10 e.r.

N3 N
o~ CFs O: :
CF; :
2w 2x '
not detected not detected :

____________________________________________

3% yield, 82:18 e.r,
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b) This work: biocatalytic enantioselective a-hydroxylation of [}-ketoesters
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Scheme 1. Overview of enantioselective «-hydroxylation of f—ketoesters

Jia, Z:J. et al. Angew. Chem. Int. Ed. 2025, 64, e202509359
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AniUPO variants, H,0,

NaPi (pH 7.0), 30 °C,16 h

c)

0 (o) 0
0 AniUPO variants, H,0,
cl cl OE! NaPi (pH 5.8), 30 °C, 16 h OH
2a 1b

Reaction |l

2b
60 100
- S S
o ' & §
5 404
g 80 §
F
S 30 £
g 70 §
5 20- 5
)
: _f
10 i
e T T T 50
AnilUPO  +F161A  +L66F  +L52F +G164A  +S160T+L217V/IA168G

WT M1 M2 M3 M4 M5 Mé

Figure 1. Engineering AniUPO for enantioselective a-hydroxylation of f—ketoesters. a) Model Reactions | and Il. b) Alphafold-model of AniUPO with
mutated residues marked in pink. c¢) Mutation trajectory of a-hydroxylation activity for Reaction | (blue) and Reaction Il (orange). For each variant,
bars indicate fold of activity increase (relative activity) for the reactions, whereas blocks indicate the ratio of major enantiomer of product (R)-2a
(blue) and (R)-2b (orange). Error bars represent the standard deviation from three independent replicates (n = 3). Refer to Supporting Information

for experimental details.
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N0 9 A X =
0O O 0 O
Jl\(u\ 2 AniUPO-M3 or AniUPO-M6 )|\|)L i
R OR - %, OR
L p H,0,, buffer, 30 °C,16-40 h L g™
1 2
0O O 0O O 0O o0
Mom wom wom
OH OH OH
ci 3 Br
2a 2c 2d
80% yield (M3) 92% vyield (M6) 85% vyield (M3)

1330 TTN, >99:1 er

O O

4, OMe
OH

2e
61% yield (M6)
2630 TTN, >99:1 er

(0] o}

%,  OEt
OH

2h
79% vyield (M6)
3390 TTN, 95:5 er

3940 TTN, >99:1 er 1410 TTN, >99:1 er

(0] (0]
OH
MeO

2g
96% yield (M6)
4100 TTN, >99:1 er

(0] 0 O o
“ oM
g e
7 ‘Y OEt
OH 'OH
Cl

2i 2b
77% yield (M6) 97% yield (M6)
3280 TTN, 96:4 er 4140 TTN, 97:3 er

O o}
OH
2f

81% vyield (M6)
3470 TTN, 97:3 er

0 o O o O o
Br.
% OMe g OMe -
'OH :,OH "OHOMG
Cl F
2j

2k 21
71% yield (M6)®
1780 TTN, 91:9 er

59% yield (M6)

48% yield (M6)"™
2500 TTN, 92:8 er

400 TTN, 80:20 er

0O 0 0
o g O o Q oH oH|l_
S \ OMe Me W N0Et
| ronoMe ronoMe
F MeO Ph

2m " 2n 20
58% vyield (M6)" 56% yield (M6)
480 TTN K020 er 2380 TTN Q91 er

2p
51% yield (M3)'?  10% yield (M3)
2580 TTN Q2:Rar 170 TTN K7-43 er

Jia, Z:J. et al. Angew. Chem. Int. Ed. 2025, 64, e202509359



a) 0 9 o
/@:5_(0 AnlUPO-M6 (0.0234 mol%) W
> 7, . OEt
o A5 H,0, citrate buffer (pH 5.0), 30 °C, 16 h cl o
1b, 5 mmol, 1.20 g 2b, 1.08 g, 85% isolated yield

95:5 er, 3630 TTN

NaBH; MeOH DAST, DCM
0 °C, 30 min r, 40 h
-:1‘, L , .
: OH 0 i)L
V(e cl
[ 3. 82% yield, 2:1 dr 4, 84% yield, 95:5 er

OMe AniUPO-M1 " "'OHOMe

H,0,, NaPi buffer (pH 7.0)

30°C,40h O
OMe OMe
1c A0 daunomycin © 101

9, i .
17% yield, 80:20 er (anticancer drug)

Jia, Z:J. et al. Angew. Chem. Int. Ed. 2025, 64, e202509359
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/
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N3
X=Ns A NH,
------------- NH
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1 00 NV A H » U X2 HAt X2z

C
A /
©/\ . PIVO° NH," Whole E. coli cells harbouring nonheme enzymes - . \q
e ' L51
~

Fe2*, NaN,, KPi buffer (pH 7.0), rt

NkKDO4 SavHPPD
0.6% yield, 64:36 e.r. 0.2% yield, 52:48 e.r. 0.1% yield, 52:48 e.r. 0.2% yield, 52:48 e.r.
Engineering campaign
B
2. ~ 100
BsQueD variants Yield e.r. -0- major enantiomer
0= yield - =90
Wt 0.6% 64:36 T
BsQueD HB62A/HE64A/H103A ’ 8+
(silencing iron center A) 04% 48:52 - 80
BsQueD H234A/H236A/H275A . 6
(silencing iron center B) 0.7% 82:18 — 70
Protein truncation at G216 site 0.7% 82:18 7 o
Protein truncation at Q211 site 0.7% 82:18 2= - - 60
Protein truncation at S192 site 0.6% 80:20 0 o 50
T T T T T T
Protein truncation at K174 site 1.7% 84:16 BsQueD BsQueD-AK174 +5116R +T118A +T1L +L51V
Protein truncation at V162 site 0.4% 62:38 (BsQueDyy)

Jia, Z:-J. et al. JACS Au 2025, 5, 44723
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R Ny H ) U N2 HAt X2z
+ N3
= . PivO” ’*_‘r’:;_ Whole E. coli cells harbouring BsQueD e R % NH,
Fe MaM;, 8 °C, M9-N buffer (pH 6.0)
1 2 3
N3 '_13 ';Ia ':3 t‘l?- ?3
' NH, : NH, NH, NH- : NH, NH2
: : CH : :F
’ CH:, DGH:], F
3a, 49% yield 3b, 35% vyield 3¢, 24% yield 3d, 28% vyield Je, 13% yield 3f, 1% yield
174 TTN, 97:3 e.r. 123TTN, 94:6 e.r. BETTN, 946 er. 101 TTN, 94:6 e.r. 47 TTN, 97:3 e.r. 40 TTH, 99:1 e.r.
. NH,
A N pivo-NHe Whole E. coli cells harbouring BsQueDar 5,-\@“
T - :
Fe®*, NaSCN, 8 °C, M3-N buffer (pH 6.0) A~
1 2
5
ﬂ-{NHz "{N Hy NH; NH, -{NHZ
S ]
s 53 R\ ST s
5a, 72% yield CHs OCH;
254 TTN, 87:3 eur. 5b, 44% yield 5c, 34% vyield 5d, 30% yield S5e, 16% yield
156 TTN, 93:7 e.r. 121 TTN, 83:7 e.r. 107 TTN, 87:3 er. 56 TTN, 89:1 er.

0.2 mmol scale: 20 mg

47% yield, 973 er.

Jia, Z:J. et al. JACS Au 2025, 5, 44724
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3-His-1-carboxylate
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| | H64
Yag

BSQUeDAF
3a, 49%, 973 e.r.
5a, 72%, 97:3 e.r.

v
2
7~

KeRk

*. L \ 4 e
BsQueD,s HE62A
3a, 1.9%, 74:26 e.r.

5a, 1.4%, 56:44 e.r.

4-His

Ty e

NIOJ .

{

BsQueDAF EB9H
3a, 1.7%, 65:35 e.r.
5a, 0.8%, 78:24 e.r.

2 HIS 1-carboxylate

‘ A6 mos

A
BsQueD,r H64A

3a, 1.6%, 56:44 e.r.
5a, 0.8%, 75:25 e.r.

1 od

N A

3- HIS“
J s
H7103 ' \

BsQueDAF EG9A
3a, 1.2%, 74:26 e.r.
5a, 0.5%, 50:50 e.r.

.?AL

BsQueDAF H103A
3a, 1.1%, 74:26 e.r.
5a, 0.8%, 77:23 e.r.

H ) U X2 HAt X272
3V 'V r
E O H F
| ! . 5o
Y
1o OE ,
u D€ K I n
r :IJf)‘e 4- 3-
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BsQueD variants

Yield of 3a (e.r.))  Yield of 5a (e.r.)

BsQueD,- R116A 5% (76:24) 6.5% (86:14)
BsQueD,s LT1A 8% (85:15) 24% (94:6)
BsQueDys V51A 10% (85:15) 9% (88:12)

BsQueD S116R/T118A/ , ,
I71L/L51V (BsQueD-RALY) |70 (96:4) 12% (96:4)
BsQueD-RALY ) @ )
H234A/H236A/H275A 12% (95:3) 10% [95:5)
B
N3
P BsQueDyg, NaN4

standard conditions

Q/W/\NHQ
3m

1b 6% yield, 955 e.r.
Na
BSQUED,\F. NaN; y NHz
standard condifions
1c 3n
37% yield, 5149 er.
SCN
[:::rfithqﬁi BsQueD,r, NaSCN [:::I,éhufah;,AxNHz
standard condifions
1b Sm

11% vyield, 65:35 e.r.

H ) U X2 HAt X272
BsQueDAF" v i 0 E S116R, T118A, T71L,
L51V "y qK174
U R1160 K r
i L71 V514 |0 K [
i | BsQuUeDRALV 0 ¢ ' v ~
0T » H €
E COXT 0 F +1 ¢ E
[ S116FE 1 f | > [ T71L, L51VE
| 6 o LB 3 X I
mK1&€ 4 a B " r
A N3
BsQueDgg, NaN; - NH-
standard conditions -
TEMPO (2.0 equiv) . d;aeme .
O
NH, NH;
h BsQueDsp, NaSCN §"‘M('l*«l ql;;
it =
not detected

Jia, Z:J. et al. JACS Au 2025, 5, 4472’6



o YA He X H)

A *X  hydrogen atom transfer Y —M°L  radical 4
‘/ (HAT) V/ interception i ML
--;C—H > .. » --C—Y

1 1 1
B j\ H-R HAT i R (pseudo)halogen rebound R R—X
> .
O Loren O Ospany X=Cl,Br,NyNO, O Ospenn®
01 X gi=3~CO0 HO”| X S HO™ |
His ‘7’1 His His

. X N-F bond .\ ., 4 radical |
‘(/\( activation LAAL ‘Z/‘\(O interception O
H N 5. .N - LSHN i “'H HN-@
. N3
His . ‘Fe "_ N3 H|S' e't \F His.. > His.. "—'F
Glu/Asp™ | Glu/Asp™ | N3 Glu/Asp™ | Glu/Asp™ |
His His N~ His His
3
! J |
+» Redox-neutral Fe'" catalytic cycle « HAT mediated by N-centered radicals

Huang,

Fig. 1. Conceptualization of
enzymatic C—H functionaliza-
tion via metal-catalyzed radical
relay. (A) Radical-relay C-H
functionalization involves an initial
hydrogen atom transfer (HAT)
mediated by a heteroatom-
centered radical (X+) followed by
trapping of the carbon-centered
radical with a redox-active

metal complex. (B) Mechanism
employed by natural nonheme
iron enzymes for C(sp®)=H
halogenation/azidation. (C) Inte-
gration of radical relay chemistry
into nonheme iron enzymes
enables unnatural C-H function-
alization reactions.
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INF — iN _—_— 3. SR EFEEIRE R R A RATSEEE.
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l P243A F216A o RYCEEMEE, RPAERIN=MMLEYIEE, HMmiREERIEEEC R NI ER S,
1250 AQl / (Sav HppD Az1)
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3 A GG
£ 1050 | LSAN el
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Extending alkyl chain at benzylic positions
N3 H MeOQ Ns H N3 H N; H Ny H
H | q\j/\ RN
H H H H
N N C;N N N
o ><\ 0 >< 0 >< 0 >< 0 ><
6N 7N 8N 9 10N
Az1 1530 TTN, 87:13 er Az1 5300 TTN, 56:44 er Az1 6070 TTN, 72:28 er Az1 3700 TTN, 69:31 er Az1 3610 TTN, 79:21 er
Az2 1470 TTN, 95:5 er Az2 630 TTN, 94:6 er Az2 1550 TTN, 88:12 er Az2 410TTN, 92.5:7.5er Az2 250TTN, 94:6 er
Primary and tertiary benzylic C-H substrates
N3 H N: H N3 H N3 H N3
H B H H H
N N MeO N ¥ N
e F
IK DS LS LS g X
11N 12N 13N 14N 15N
Az1 3180 TTN Az1 360 TTN Az1 820 TTN Az1 2980 TTN Az1 3830 TTN
B Preparative scale synthesis
N, N; . ;
E Ny H :
H H E 120 mg scale H E
F >< ><\ ; 65% isolated yield N :
0o o : 3650 TTN J K :
16N 17N E 87:13 er W E
Az1 3030 TTN Az1 760 TTN 5 ;
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b
Nonhaem iron enzymes Ny NCO 1-NHPI substrate
Photocatalyst F261
LED light
- + *\
Fe?*, NaNa, KPi buffer )
1 1-NCO
5230 ;
Photocatalyst Yield% TTN 1/1-NCO e.r.
Eosin Y 305 220+35 35+x05 48.52
255
Ru(bpy),CL, 4+08  30%¢6 10:05 nd. C188 DA g
[Ir{dF(CF3)ppyl,(bpy)IPF; n.d. n.d. n.d. n.d. V189 o
Fluorescein 13 1 100+8 15+02 A8:52
Rose Bengal n.d. n.d. n.d. n.d. c
100 P4
Photocatalyst Yield% TN 1/1-NCO e 3 P2 P3 g .
Eosin Y 21+4 140£30 12:05 7030 & p——— _u on ;"'zg%f‘f
Rufbp}l‘}ECLz 4+0.4 30+3 0.5+01 n.d. % o E VIB9A 5230Y Q255A
80 [ :
[Ir{dF(CF.)ppyl,(bpy)lPF; n.d. nd. n.d. n.d. o] P Sgﬁg‘“’ Q255A C188A
: e | g = HE®L goi0er
Fluorescein 15+3 100+20 1.0+0.3 70:30 5 £ W &I (SavHPPD-PC)
5 0 =3  yigoA 94:6 e.r.
Rose Bengal n.d. n.d. n.d. n.d. = wt SavHPPD  73.97 o.r
70:30 e.r.
Photocatalys t Yield% TTN 1/1-NCO e.r.
Eosin Y 6+1 70 + 11 08+0.1 5545 Mutant Yield% TTH 1/1-NCO e.r.
Ru(bpy)Cl, 2:04  20+4 03+0.04 nd. ;':t i}i :; 121%'—' 1;':{; 1255 * %‘24 gﬁ?
+ + + .
Ir{dF(CF bpy)IPF, n.d. d. d. d. * t 5+0. :
[Ir{dF(CF PPyl (bpy)IPFs  n.d nd nd nd P2 39+1 260 + 10 4.0+02 88:12
Fluorescein 2+0.2 20+ 2 0.4 +0.1 55:45 P3 34+ 72 300 + 20 4.3+0.3 9010
Rose Bengal n.d. n.d. n.d. n.d. P4 26+ 4 200+ 30 23+0.3 94:6

Huang, X. et al.Nat. Catal. 2024 7, 1394.



OX U X|] [ XATRH»]l a ™M A XCN3v SCN
: g
0 SavHPPD-PC (0.2 mol%) coo™
N Eosin Y, Green LED Na/SCN Eosin Y Br = Br
o~ > Lmax = 520 nm g ‘
o Fe?*, NaN; or NaSCN ~0 0 O
r.t., KPi buffer (pH 7.4 Br Br
n-NHPI ’ (PH7.4) n
Ny Ny = Ny Ny N N3 N
F F F
1 2 3 4 5 6 7
T7%, 385 TTN 58%, 202 TTN 35%, 177 TTN 30%, 150 TTN 54%, 274 TTN 46%, 233 TTN 34%, 171 TTN
S4:6er. 973 er. 95:5er. BB 12 er. B7V:13 er. 7228 er. B8:32 e.r.
N3 N3 My Na
Cl Ny
M3 N3 S
Cl OMe \'l J'Ir
8 9 10 11° 132
36%, 182 TTN 40%, 201 TTN 35%, 175 TTN 28%, 94 TTN 30%, 101 TTN 20%, 68 TTN 36%, 121 TTN
890:10 e.r. T4:26 e.r. B1:19 e.r.
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OX UL X|] r XA1TRHl a ™M 4 XCN3u SCN
Substrates with extended alkyl chain or fused carbocycle . Substrates derived from 1°, 2°, 3" aliphatic acids
N3 N3 N3 E N3 N3
@i) ©i§ o é
15 16 17 | 20° 21° 22°
23%, 115 TTN 36%, 181 TTN 48%, 241 TTN : 30%, 103 TTN 15%, 52 TTN 10%, 35 TTN
89:11e.r. 86:14 er 91 9e.r. J
E Gi 0%
N3 N3 “NPhth :
F E
18 19 : 23° 24° 31-NHPI
16%, 82 TTN 40%, 200 TTN 30-NHPI E 37%, 124 TTN 8%, 27 TTN trace
73:27 e.r. S94:6e.r. no reaction ' 7723 er.
Preparative synthesis Decarboxylative thiocyanation
Nj SCN SCN
SCN
©/\ SCN SCN ©/\r
E OMe
0.1 mmol scale = a . . a
53% isolated yield 25 = 21 28 29
250 TTN, 94:6 er. 34%, 114 TTIN 20%, 68 TTN 15%, 48 TTN 30%, 96 TTN 14%, 45 TTN
56:44 e.r. 78:22 err. 63:37 e.r.
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480 50:50 29% 94:6
b
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90 7.0 6.0 50 39 34 30 27 24 22
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+

A Y pras

& P A -
Rt A iy o
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'
s e g W T s et e
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with light
4.28 '
T=12K .
L L A
100 200 300
Magnetic field (mT)

/!

mi
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1.03

o Fe(ll) with SavHPPD-PC
a 1-NHPI with SavHPPD-PC

o Fe(ll) in KPi buffer

+ 1-NHPI in KPi buffer

A

X C N3u

[4] 0.05 0.10 0.15 0.20
Quencher concentration (mM)

0.25
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CF,
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b A ACHMS-CF, o i zCN .
| ) Togni Il (1a) /(H\;I/\,': 3 | CF,
Me N Fe(ll) =
NaSCH + NaN, MeQ™ "N N
I 5r Or
Entry [MaN,] [NaSCN]  5ryield are.r. 9r yield grar
1 40 mM 10 mM 48% fa6:24 0.6% n.d.
2 30 mM 20 mM 44%  69.5:.30.5 1.4% n.d.
3 20 mM 30 mM 40% 655345 2.6% n.d.
4 10 mM 40 mM 35% 61:39 5.8% 80.5:19.5
5 5 mM 45 mM 18% 60:40 6.4% 80.5:19.5
3] 2.5 mM 47.5 mi 11% 2941 11% 80.5:19.5
7 1 mM 49 mM 5.8% 26.5:43.5 18% 80.5:19.5
8 0.5 mM 49.5 mM 2.9% n.d. 22% 80:20
9 025mM  4975mM  1.6% n.d. 25% 80:20
10 0 mM 50 mM A, NA 33% 80.5:19.5
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Figure 4. Mechanistic Studies. (a) N3/SCN competition experiment. (b) Experimental studies of the CF; radical generation and azide transfer HU [
steps. n.d. e.r. not determined due to low activity. (c) 4.2 K Mossbauer spectra of ferrous-loaded AoHMS-CF; and the incubation with chloride or

azide anions. (d) 4.2 K Mossbauer spectra of ferrous-loaded AcHMS-CF; and incubation with thiocyanate and/or azide anions. For experimental

details see Figures S6 and S7.
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kY f -
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N4 N3 N3 N3
NH, @/L_/NHE /©)\/”Hz IQJ\/NHE /@/k, /@/L_/
Me 1A 2A° 3A F 4A 5A
445% yield 42% vyield 28% yield 21% vyield 19% yield ?% yleld
95545er 97525 e.r 96.5:3.5er g8:2 er 97:3er 97:3er
N; NS N] N3 N3 NB
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3C Q2N
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Fig. 3| Reaction scope and determination of absolute configuration of
products. Fluorination product 1F was determined to be R through X-ray
crystallography. The absolute configurations of all other fluorination products
were inferred by analogy. Experiments were performed at analytical scale
using suspensions of E. coli cells expressing SeHppE variants (0D, = 5), 10 mM
substrate nNF, 2.5 mM Fe® in KPibuffer (pH 7.4) at room temperature under

anaerobic conditions for 24 hours. TTNs were determined by dividing the
quantity of the resulting product (calculated using the GC-MS calibration curve)
by the concentration of the enzyme catalyst expressed in £. coli. The protein
concentration of OD,, 5whole-cell suspension was determined to be 12 pM
using protocols described in sections E and F of the Supplementary Information.
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