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Gener al i nformati on

4 (300, 400, and 500 MHZ)C (75, 101, and 125 MHz) artéF (282, 376, and 470 MHz)
spectra were recorded at ambient temperature using Bruker AY 380400, AV 500-NEO.

For continuous NMR analysis, a Benchtop NMR Spinsolve 60 Carbon from Magritek was used.
'H NMR spectra are reported in parts per million (ppm) downfield relative to D@6 ppm)

and all*3C NMR spectra are reported in ppm relative to GI@F.16 ppm) unless stated
otherwise. The multiplicities of signals are designated by the following abbreviations: s
(singlet), d (doublet), t (triplet), gquartet), m (multiplet), dd (doublet of doublets), dt (doublet

of triplets), td (triplet of doublets), ddd (doublet of doublet of doublets). Coupling constants (J)
are reported in hertz (Hz). NMR data was processed using the MestReNova 14 software
packag. High resolution mass spectra (HRMS) were collected on an AccuTOF LG, JMS
T100LP Mass spectrometer (JEOL, Japan) or on an AccuTOF GC v 4gTI00&CV Mass
spectrometer (JEOL, Japan), or oQOpticarotéa@am 0 GCI1
angles vere measured using Anton Paar MCP 150 polarinveittr L00 mm optical lertt.
Enantiomeric ratio was determined by chiral HPLC (Shimadz+2Q&D) using Chiracel GJ

H column and isopropanol mheptane as a mobile phaBésposable syringes were purchased
from Laboratory Glass Specialist. Syringe pumps were purchased from Chemix Inc. model
Fusion 200 Touch. Product isolation was performed manually, using silica (P60, SILICYCLE).
TLC analysis was performed using Silica otunsinumbacked TLC plates (F254,
SILICYCLE) with visualization under ultraviolet light (254 nm and 365 nm) or appropriate
TLC staining (Cerium Ammonium MolybdateAutomated chromatography was performed
using Isolera One system (Biotag€&rganic solutionswere concentrated under reduced
pressure on a Bichi rotary evaporator (in vacuo at 40 °C, ~5 mbar).

Materi al s

Al | reagents and solvents were used as rece
solvents were purchased from Sigma Al dri ch,
were purchased from VWR I nternatisomualedaradrud

packed bed reactor were purchas®daddF) Soweeni
reactors were made using ,PFAurccohds ed Df rOo.n8 AfN
pol ymer Tubiamgd GPBEHK( comankad ®d .sDiyrCoHG NW DE X)

pur chasPhecdraoisdomsed without further treatment.

(3 QR ARBRY &®S S0RMW2 -d7i acdmexB-met hylldexe
1,B,54, 6, 7 a8p8 abdgdlieddpoxy meéatnanbanabaenwlddne
carboxyl ipc epaire@dwascording tolreported Iliter

Saf etsyi dceamat i ons

The r enpeotrhtoeddol ogy wutilizes fluoride salts, v
medi ums, can produce hydrofluoric acid (HF)
substance through inhalation, i ngestien, or
there may be a | atency peridd ofs wpgrtocngd4dy hcel
to keep a 2.5% calcium gluconate gel on hand



to conducting any reaction involving HF prec
Data Sheets (MSDS) for HF and review first a

To mitigate weircakrsd u aoteeadc t wiotnlts a sl i ght exces:
wor kwapger formed to pré&vieat hHIFarmmomaumoml uor i
reaction is removed during the aqueous worku

of with aqueous base waste.

Packed bed reactor

T heacgk e dc obnesd osfa minxgt ur e of p oat naglsl saisusm bfelauwdosr i wdaes
according to the proctEAuimet ir®emofoulk Fpaedi gl :e
prepared by weighing equal amount s62@hy mas:

unwashed glass beads. This mixture was homo
whi cvhatirtansferred to a Schl &ikardfillaaglkagltelmntdi gl
vacuum overnight. Aggregates of mixture form

wi ashpauander a strAfimeofbaeai hgodehed the mixtuil
flask under nitrogen.

Theackked bed reactor was prepared by filling
with 9.3 g of the mixture, which wou8mL.corre
Dead volume is determined by the difference

it wiGHCNdhe reactor would first be conditio
CHCN hroughhegui antrated by hfel ®wi2ndM S 00rut mlo nc
drGHCNat hagppropriate flow rate.

Optimization of acyl fluoride formatic

Synt hesi s owapmecryflorfrheudoriind etesheS8cbameOit ismit zpt is
was done dPtyoivahriyomegt ry anobdangsngde et edvst rsehtoeviny
are det efEmiNM&dJ midgiifniguolr,2benzene as internal

Thionyl chl oride sol ut iCd€6 N(wW2als nplLr)efptaaleadn By a c
bottom BAhdskhen addi ngL 4.h0i 0o nnynho |apPh.| Loor Nl ndaek & L2t9i2
Angei mol ar amount ,bfRiifdtueormdlehdzecdred Awadsmol )
added to Thessoebuut opna2wa smLt askyerni nugpe baynd c on
packed badderdaddtpdhreafyl Benzoic acid was prepal
mg, O0. 5001 mempUCHENyY2. 5 mh) 2i o ial INed 20 mL gl as
adding tri edlLhyll.a2mm nemo(llL7T5Ri & egquuwv)a@ab whs t a
syringe and connected tottdeei d eacltwtri ars W& \
pushed into theaguwiackloy , r aspyisraicnygiei wigderROM i ni n g
and WaowresWmdadci d sol uti on conphlfeait e8@GClpasse
fl owswoppetdhfel awd r aCEBCN fn cd rsya s énda t the total
remadinchadpged. | eavi ntghnei K ¢ a€eod dvteacnt @ @dnatn oan
flask®.5 mLxtafr et lhwizesss rmaank eN\MR s ampl e t ot hdeet er m
correspowbi hbuori de.



y
clI” ci F”
f.r. = X mL min™’

0.2 M CH;CN

..............

Ph
First Reactor 1 Et;N Second Reactor

(Packed bed, V=3.8mL) 4, CH4CN (Capillary tube, V= 1.5 mL)

Schenkealc.tor setup for acyl fluoride s

Tabl@ptlimi zati on of acyl fluori de
FI ow FIl ow

Entr (Séacf)li R(?n?).n 1t eac?"feac Yielc
(mL mMi (mL mMi

1 4 3.0 0.40 0.50 > 99V
2 2 3.0 0. 33 0.50 > 99V
4 1.1 3.0 0. 26 0.50 84 %
5 1.5 1.5 0.60 1.00 94 %
6 1.5 0. 75 1.20 2.00 99 %
7 1.5 0.60 1.50 2.50 92 %

lsReaction performdd with 3 equiyv

Li fespan assessment of KF cartridge

Lifespan of the packed bed r éfacNMR wiaesl dedfer
as a function of t hxepamswsmdert hafoummolt hef ca®@CI
varied over a range encompassing the flow |
measured by direcitgleynecarnnent imogl utl ree t ®ORK he b

inl et with the outl et |l eading to a base (g
measuring cel |l osewosudrde de stchagpte ntohie®3FRositwaSsOCIT h e
prepared in the same way as described in the
1,-2i fl uorobenzene added as an internal stand:
set-33 oppm, and spectra were recorded with 16
l't is interesting to note that the flow rate
fl ow rates having a detriment al effect. We r
hi gher flow rates causing enmnticalprpatthhwayes f
packed bed. This would |l ead to |l ess efficiel
contents would never >x®ImeN dinmett.oh ecloenstsa, d tib gwil tohw e
rate @/ i mt he | i Etattazndolte tdhheeatlls5y menotl gmd e &,0

were produced by a single cartridge.
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FiguAseséssment of hpeahcek eldi fbeetdi meeact or
Gener al pritlseydhurheasfijdr 61 uori des

o] o]
9 i 1h,rt i
i ‘é F s N-OH —=lty oV
cI” el ~F
Ph o
f.r. [0} 2 o]

F/
. =0.333 mL min”' 4 Ph
0.2 M CH;CN f.r. = 0.500 mL min 1.1 equiv
. . OH . .
bemeeeonean Ph e bmmeeeeeeeeea
First Reactor 1 3equivEt;N Second Reactor
(Packed bed, V= 3.8 mL) 0.2 M CH3CN (Capillary tube, V= 1.5 mL)

Schenkeator setumNphohasymi esiestef s

Thi ocnhyllosralduet i on was pr €pi@N(e2d0 bnypl paid dNiloegdh d r y
bottom Bhdskhencdaddirnglet i2@BDyoomm@k ¥ M sol ut i
This solution2®WasnLt askemnnge lywd conneThed to
reactor was conditioned by flowing 5.0 mL of
mL mi n

Thelautitdhre dadfeciid edas prepar edCHCON( @i SsaoLyi Bg2i
in>ai Nled 20 mL gl ass vi adL,1.a&rbd mambda,md3 lercfud tv
di fluorobenzene asL,i nt.e25n0almnsal@d h dOa.r5d oe gAudii vb)n
up aby mL syringe amccoemdrd otr @dT Stashi edmreseo | ut i on
pushed by syrfilnggwe rpautmgh oafi nkhbdat@ r e c i ieti antgi o n
obseawnwedgwatsataotrt a crhiexde t owitthlre prarafilm to preyv

Af ttehreeci d sol ution was ¢ omplbeottenl ys ypru snhgeed piun,
st optphaed jsdyorsi agei wk| y r aspyl raicnegde wci c€HC §a mtdhneg dr vy
fl owas resWin@a@c i d sol uti on comphleeit 8 @Cld aoswvs ed

wast opp e dfel awmdr aCHENwdisndaryeased so thatedhe to
unchawmmteidl t he rcecantptlipa@redyidxt hredbhst wasr daaote
order to avoid anyepoesirbeld paedgas sf | ladsakvSi OFg

r eadther x tmac® | | e al & dmd winadt t o e qfuli ppke d wi t h a s



An NMR sampl evasbhkéehetorddeermine the '¥ield o
NMR.

Subsequentley pufroNdhiyda toixyn,pht hal i mide (86 mg,
wasdded to t htehemiexntsuurieagatnndir x tewWr et r oom t empe
Af war,dst he mi xture was worked upNaHg®Oawlasthii g
and once Tvhiegahm ibcr il nagylee rsi avee r cev e r ST hhyedsrd ocucsa N\ta
was f il t e hseod voefnft arnedmoved under reduced pres:c
produecoest avi ned without the need for further

| sol ation of acyl fluorides

Acyl fluorides were isolated by removing th
secopdctor underThe damdudidpgcesuder avars xstoulrueb iolfi
CHCtand pentane (1:1, 3 mL). This suspension
cm wide) umiemtdh t he CHCkand epenft ane (1: 1, 30 mL
removed under r edutcheed o gdlute sissur iemp am taddito etdo u ¢
vessel ewicthhmnyded at mosphere for coll ecting

i mroperly dri edagil@msisfwiacgaentr edaidrtesasen of yi el

Tabl@ompariquaamtgf at ds e mMEMRugy@ el
of the 1 solaadtteed d o ndshayutdnedotx y wipthh |

Entr q(NO/I(\)/I)R Yi el d Entr q(NO/I:)/I)R Yi el d

2 99 91 16 89 81

3 85 8 2 17 6 2 55

4 99 79 18 93 86

5 99 79 19 79 41

6 99 83 20 91 6 6

7 99 93 21 83 90

8 93 81 22 76 71

9 99 81 23 99 97

10 70 83 24 95 90

12 8 4 60 25 75 70

13 99 95 26 81 55

14 93 86 27 92 87

15 8 3 78 28 98 9 4
Agi tator
| bW he ocfasseo mgwe ndbhrdersved reactor c¢clogging due
sal descaasi onal It dnee & aotloivdpno Iniethg sof r cumv,avet t hi
empl oyed ,t hees adydrjt igtitomed hnwe attached to the °
The vibrations of this device were breaking
enough to pass through the coil without any



FiguLefThe agistdtomn.tRighstudgitaméoxeconnec

Characterization data for synthesized compou
1,-d3i ox oi s-&y Mpdhoelniynl b &nzoat e (
o 9 Preparedphengimbenzoic acid (99 mg,

/©)(°'N>\),:© accordtimg de®ner aProda2d¢td&8durneg., 91 %)
Ph o obt aasneamhiotf ¢ solid. The spectroscop

thpgeviouslPy reported

IHNMR( 400 MHZ2 ,G=£DBG (J = 8. &7HEmM, 2 2HFA)OTMI9 84
2 H), 7.76 (d,50d,= B.4 8z4 Rz ,H)2 H).6 7.50 (t
7.2 1HY,

I1ENMR( 75 MHz) ti=@bBRIL. 8, 162.2, 147.7,12P3A867, 13!/
127.6, 124.%, 124.1, 12

1,-d3i oxo0i s-&y Mndeotlhionx y b8nzoate (

o 9 Prepar ethef homybe(Z6i engaciod 500 mmol
/©)(0-N;:© accor dtiimgge nteo al . Prroodc@e¢dlu2r2e mg , 8 2 %)
MeO o obt aasned brown solid. The spectr osc

thpgeviouslPy reported

IHNMR( 400 MH2 i=&BEIlh, 2 H)I8M, 92 1-A)BTM7. 8 H),
7.60@7 2 B(Qs, 33 8H).

l1€ENMR1 OMHZz, gD€U65.0, 162.5, 162.4, 134.8, 13:
55. 7.



1,-d3i oxoi sy madmd At e (
o 9 Preparééentzoom acid (61 mygcc dr.diBreg nmmo
@J(o-nm general PproddEetté emg, ob9 W newaAsbr own so
o The spectroscopi c daptrae vairoeu sclbyn sriesptoerntt

IHNMR( 300 MH2 i=&D&7Im, 2 ). 8&.Om37DTH), 27 H}p,
76 qtt, J = 7.8, 1.9 Hz, 1 H), 7.53 (t, J = 7

1€ENMR( 75 MHzZ) G=abQl. 9, 162.2, 135.0, 134.9, 13«
1,-d3i ox oi sy Inndibtirionbenzoate (5)

o 9 Preparedniftromedzoic aci d (84 mg , |
O)(O-N;:[) accor dt mgge nteo a l prroucdd(dluz 3 . mdP, 79 %)
O:N o obt aasneamhiotf d solid. The spectroscop

those previbusly reported.
HNMR( 300 MH2 i=&DFE8 @4 H)ILOmM]. 277-A) 817 ( B, 2 H).
1€ENMR( 75 MHzZ) G=abBCl. 8, 161.4, 151.6, 135.2, 13]
1,-d3i oxoi s-&yIn(ddorliifnl uor ome® hyl ) benzoate (

o 9 Preparddrif fbomor omet hyl benzoic acid
/©)LO—N§;© equawgor dihgegne mal Rroad@dé&dB0 e mg, 83 %
FoC wasbt adsneadn orange solid. The spect
3 o

with those prl®viously reported.

IHNMR( 400 MH2,0=€D®1 (J = 8. 27 Hgm, 2HK¥J8q7M98
4H) .

IENMR( 75 MHzs) 6=ClID6@I161.9,9,135.3 3.4 Hz), 135.
128.8, 126.3 Hg),J124.3, 123.7 (q, J = 273.1

1ENMR( 282 MH2 G64C@CI.3F)

1,-d3i oxoi s-&y lnad@eltionx y brenzoat e (
o O Preparedlacftmambenzoic acid (90mg, C
O_N;]© accor tigeegneroal R odéeldulr emg, o BB &) nwds
oac [ as a yelThow colmpdpmeayv wassihyptreport ec

HNMR( 400 MHzuu=&D®M,( J = 7.8,-7086, H2G) BHY, 87 .

(m, 280td,7.% = 7.8, 1.6 Hz, 1H), 7.40 (t, 3
(s, 3H) .

1€NMR( 75 MHz) ti=@bBOI. 3, 161.9, 160.7, 151.5, 13¢
124.5, 124.1, 119.1, 21.0.

HRMS$ FInYyzal c@ HiNoQ+ H:3 266 6 5 [; M+HH]Ju mdb:6 83 25.



1,-d3i oxo0i sy Indd,IMien hy |l Blenzoate (

o 9 Prepfar emd i3mét hyl benzoic acid (75 mg
Ve o-nm accordtihmeneo al PrroodcBetdiulr2e .mg, 81 %)
! obt aasnea yellow solid. The spectros
Me those previfbusly reported.

IHNMR( 400 MH32 ,g=TRLIqm, 2HH78Qq7m,8 4HO)s, 7118), 2. 3
6 h

!1ENMR( 100 MH2 f[=10CeD3Cl2, 162.B8B34188.8291236.728. 4,
21. 3.

1,-Bi oxoi s-&yiIndwilddnl i nat e (

Prepar@gyfrdmnecarboxylic acid (62 |
CH( m accorcﬂlhgeaegnetroal Rroda(ed0u8 emg, oB1fl&) newds

an orange solid. The spectroscofy
previous.lG]y reported
HNMR( 400 MHU=&D&®3 (J = 4.4 Hz, 1H), 3Ba®4 (d,

(m, 3M)8Q M, 82R)dd,7.36 Hz 71H),. 4.7

I1ENMR( 75 MHz3) ti=CB&Il B61H501445351.3032.96,0,872162.8 .
122 .

1,-d3i ox oi s-&V In dfe2icriaarnb o xlyPl at e (
Preparegpufraaml carboxylic acid (56 mi
CHL ;\:(D accorcﬂlhgeegnaroal odu@&d®r7e mg, oBB &) newd s
awmhiof dTBios i dompound was not previ c

IHNMR( 400 MH2,i=CTDE€HM, 2H4H7,. 870. 8 m,-72H;M, ITHYSH
7.54 (d, J = 3.6 Hz, 1H), 6.65 (dd, J = 3.6

1€ENMR( 100 MHQ f=10eD2CI0, 154.6, 148.9, 140.0, 13!

HRMS$ Fihzal c dpiiN®@®F: Q@5 7M]J6;32Fdound: 257.0324.

1,-d3i ox 0i s-2y Inbd@noitnh i -8dpdremexlyll at e (
Preparé—tmlrcbﬁat@lrmphenecarboxyl|c aci d (

d)L ;3@ eqadoor dihgegn ¢ mal .RBrroaddd&duerOe mg, 91 %
waebt aasnea | i ghtThhbsowm mpowlpindlv wagsihy
reported.

IHNMR( 300 MHZ,i=TDLHOM, 2HH78Qq7m,8 26H)d, 7d = 5.9
1H), 7.36 (d, J = 5.9 Hz, 1H).

ITENMR( 75 MHz) t=abBQI 1, 157. 23291A&5K..0D,12297,1,125.
HRM$ Fih/)czal ¢ di HBo NOC IEGM]*; Found: 350.9213.



1,-d3i oxoi s-&ylIndfodrirnocenlkkarboxyl ate (

o 0 Preparderftocecmnecarboxylic acid (115
ﬁ?’lo-nm accor dtiheeg ne o al procedur e. After pur
T 4 chromat €g€l @Oy 0( MEHTHO 5 .05 Me OHD)2 produ
<= (113 mg, o®bd Ba nwals or Bmige compadund wa
previously reported.

IHNMR( 300 MH2 i=T.DLBEN, 2H)Y7,.87¢m,8 2H), 4.99 (t, .
4.59 (®z,J2H)2 4.43 (s, 5H).

1€ENMR( 75 MHz) t=0B@®I. 4, 162.5, 134.8, 129.2, 12:
HRMS$ ESd/yzal c di Hif foerNGC 3 7 5[M]0; 1 9F4o u rOdl:9 93 7 5 .
1,-d3i ox oi s-&V Inpdidelniynl pr dganoat e (

o 9 Prepar edde hfydomci nnamic acid (75 mg,
Ph/\)Lo_Nm accor dtimggee nteo al PrroodcteB(itt 4 8. mg , 95 %)
o

obt aamed brown solid. The spectrosc
those previlbusly reported.

IHNMR( 300 MH2),0=CDB&I| 8W (2 HY7,. 774. 7( m57RIHNH) 7 . 3
7.2722 (31,8 .3HY , 2HO2.66Bm,0 2H) .

IENMR( 75 MHz) 4=A@BOL 0, 161.9, 139.2, 134.8, 12¢
32.7, 30.6.

1, -Bi oxoi s-&dyilndoyydlnoidxanoat e
o 9 Preparegcfobmxanecarboxylic acid (6:¢
O)LO_N»;@ accor dti mgge nteag al Prroodcleddtd 4 . mg , 8 6 %)
Y/ obt aasnhead brown solid. The spectrosco
previouslPy reported.

IHNMR( 300 MH3Z),G=T8BT] 8m QHW 47 m, 2H), 2.73 (tt,
3.7 Hz,12179)m, 2628 q rb, 82 G)6,q rh, 73 M) .42, 43 H) .

IENMR( 75 MHz) t=aDpal. 9, 162. 2, 134. 8, 129. 1, 12
1 ,-d3i ox oi sV In daod d mlacnatrabnoexlyd at e (

%Oo Prepareladamamt anecarboxylic acid (¢
O*N& equawqgor dihgeegn droal R odd&Ed@r7e mg, 78 %)
obt aad ;meamhiotfd sol i d. The spectroscop

0 those previPbusly reported.

IHNMR( 400 MH2),i=CDEB AN, 2H)7, 27(7m,762HmM, @HRE1 2. 009
2.60m, 367). @d.)dH

1€NMR( 75 MHz3) t=@D0QGIl. 22, 182.7,9129. 5, BB35, 36.



1, -dBi oxoi s-&yIndoilnm@ mat e (

o O Preparednhaommc acid (74 mgecoBOdbag m
Ph/VLo_Ny;@ t hgeener al Rodtdudgs %) whs ad nean of f
white solid. The spectroscopic dat a
(o}
repofted.

IHNMR( 300 MH32),i=TB®I| J2Hz ,16LBJ8 7 M, 928HF ., 77 . ( m,
2H)5 97 66 2 HO-7 . 40 4( m4( B,H)2HZS, . BBH) .

I1ENMR( 75 MHz3) ti=@BGBL 1, D62124. 4,56013296,2,1,R8.9.
126. 111. 8.

1,-dBi oxoi s-&ylheutiomxycar bonlyyl )glycinate (

Boc 0 Prepardédogl|! ycine (88 mg, &c SO0 immyp l
HN\)LO_N;:@tdhgeeneral . prWictendowrte t he need for
produflc88 mg, &bhtYgasweaxt ure of r ot ame
° formyefl ow solid. The spectroscopic
previousfy reported

IHNMR( 400 MH32),i=CD-CI78&n, 28, 7{/m, 2B, (@&, 21H) ,
44821 m, 26) .46, 59H) .

1ENMR( MHz, )@DCI 167. 3, 161. 6, 155. 4, 135. 0, 1
27.8. (Peaks 85.9 and 80.8, and 28.3 and 27.8 correspond to the same carbon of different
rotamers.)

1, -dBi oxoi s-&ylhemuti mxyc adrad camyi(lnPat e
Boc 0 O PrepdredBo-c-al anine (95 mg, 0.500
U

HN\.)LO_N¢© accor dt mgge nted al . prWcedowrte t he need

i purificatliSohddprog uecBBHRL i omer wasr at |

o) obt aasymi@x t urrcet adnim r s he ayfeolrimowfsol i d.
spectroscopic dat apragwi cwnlsy stemdr t

IHNMR( 400 MH32),i=CDEI68&n, 2H37,.57/m,8 2KF., 0®, 11H) ,
47745 m, 1H), 1.61 (dl. 40 =( M, 39H)Z., 3H), 1.53

!1€NMR( 100 MHpuUu=xXxDCIl1, 161.6, 154.8, 134.9, 13
47.8, 28. 3, 18. 9. (Peaks 134.9 and 134.3. an
odi fferent rotamers.)

»=-28.c5 (—69 DM$UWP + 11.0, (c 0.19 in CHCI 3)

10



1,-dBi oxoi s-&ylheutimxycarbancyilPat e (

Boc 0 Q Prepar eMBofcd ®emci ne (115 mg , 0.500
HN\)LO_N;>© accor dihgegn d roa | procedure. After pur
Mej/: chromatography (EtOAc 0:10019%entan
Ve ° (77 mg, o4blt%)d sweads white solid. The s

consistent with tthtose previously r.

IHNMR( 400 MH2 ,G=TDTHEN, 2H)7,. 776. &1Im7i 422F8)m, 4L HD) ,
4 6446 m, 164)8,2 rh,. 923) .86rh, 71M) 6anl. SHYUL. (o, 6H) .

I1ENMR( 75 MHz3) t=CQD/@ . 161. 6, 19.5.,0,12143.41.,9,801 26 ,
28.4, 24.8, 22.9, 21.9.

4=-12.c3 (—69 DMSO)

1, -dBi oxoi s-&yilhemutimxycadrmpronyi2nfpat e (

Boc 0 Q Pr epar eN-Bofcrkpa m | (i 1n0e8 mg , 0.500 mmo |
N\)LO_N accordt hgenteor al . prWictehdouute t he need
- puUrificatziopnl®r mdy cofbt%)a aveahsi xt ur e o

rotamer $ he af oyreml lofw sol i d. The spe
consi stenpgr ewiitchu ssfho sreeport ed

IHNMR( 400 MHZ),ui=CTDEV &1L, (2H)7,.37/m,7 92713 ., &mi&d . 1 H) ,
34857 mH)3.8139 (292 .1H9 ,( m,-1829HM, 2H)L2 1.49 (s,

1€ NMR75 MHz3) 6 CBHCL69. 7, 161. 8, 153. 6, 134. 9,
31.5, 28.2, 23.6.

»=-34.c (—69 DMSO)
1,-d3i oxoi s-&ylheduti mxycarpbheemyll)al2alni nat e

Boc O o Prepar BBo-E-ploenny !l al anine (133 mg, 0.

HN\.)LO_N accor dt mgge nteo a l procedur e. Wit hout
; puri ficat2ilohinmg9 @)Xd uwtbs aii mhe df or m of

©/ ° col ouagille s e spectroscopic data ar
previouskl¥% reported.

IHNMR( 400 MH32),i=CTDLI78n, 2 H)7,.67/m,8 24H) 82 m, 5H) ,
52047 § neH) ,39-B..32 ( m,-32LHALH) 32(BS7% 9 H

1€ NMR75 MHz) i CDTCI16BAB4 . 8913143 B9. 8 288,9,42172.8 .
124. 80.6, 532.8, 38.3, 28.

2 =0. &4 (—69 DMSO)
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1, -Bi oxoi s-ylh(debinhoxycarbonyl ) almniam d)ox3y P lad keu t( e

Boc 0 Q Prepar B-Bo-tamimbhomy cl obut anecarboxylic a
N o-N;\:() mmo |l , lacecqouridvijeg neoal .prW déeddwrne the n
0 further puri2files8t imgn offllidéd@sne@dsyel | ow s

t

The spectroscopi c daptrae vairoeu sclfo¥n sriesptoerntte dwi t h

IHNMR( 400 MH2),i=CDELI58&n, 2R 67/m, 24 ., B . 1H)
202 . 8w, 26). 2. 3HF2 .6@m,1 24H)s, 19H) .

!1€ENMR( 100 MH32.,i=CDCI| 0 15&1 .69, 134. 8, 41123751, 124
28. 4, 15. 2.

2-t ebut-3(,)8i oxoi sy IR, B-2tark abi cycl o[-2,-2. 1] hept a
di carbo2@yl at e (

2 Prepar ed® S 3-bNBo-2azabicycl of32.a2 bbixlye p tce

(o]
@H(o-w;:[) acid (121 mg, 0.axCOr ntmmdg,nebakbgpirw)k ec
“Boc 4 Wit hout the need for 2fur8&hemg.,pu® 8 %) c
obt adasnea whlihies swd mplound was .not previously

IHNMR( 300 MH32),i=CTDEBIAM, 2HH7,.27/m,7 23H3 ., &6t . 1 H) ,
4224 80m, 18(s, 21K)6,6@6H)1 64 .34m, O9H).

1ENMR( 75 MHz3) G=ClD6C7I. 6, 161. 7, 152. 9, 134. 9, 1
43.6, 35.0, 3830.3, 28.2, 27.9.

HRMS$ ES|Im/Hda |l c@ HiNoN& 409 . IM3NE F odunod.:.1372
A =64.c2 (—69 DMSO)

1, -Bi oxoi s-ByM(ddodamutyl phengM) propanoate (

Me o O Prepar eidbufprorhen (103 mg, 0.500¢C
Me o accor dihgegndaroal RMrod&€dbr8e . mg, 90 %
Me waebt aasngdl sowi d. The spectrosc

0 consistent with thPfose previousl

HNMR( 300 MH2,i=CB&I18n, 2H)7,.1{Mm,772H), 7.32 (d,
2H), 7.17 (d, J = 8.1 Hz, 2H), 4.11040®B, J =
14H), 1.67 (d, J = 7.2 Hz, 3H), 0.92 (d, J =

LENMR( 75 MHz) ti=@DCal 0, 161. 9, 1411.291D33.,6,12B3 4
45.1, 42.6, 30.2, 22.5, 19. 1.

1,-d3i ox oi s-&y In(d@cld tyRil met hyl cycl @butyl )acetate (

0 Me, Prepar egi nfornda o aci d (92 mg , 0.5
Me o S accor digeegn eroal Mod2iEddsemg, 70 %)
o-N;]© obtaasnea yell ow solid. The spect

with those pridviously reported.

IHNMR( 300 MHZ G=TTBELI 7% @H),1¢m,7R2H)dd,2.B = 10.0
Hz, 163.76m, 62H).98m@, 506).10m@, 0O5H), 1.31 )(s, 3H)

12



IENMR( 75 MHzs3) a=COC7I. 1, 168. 6, 161. 8, 134. 8, 1
31.8, 30.2, 30.0, 22.9, 17. 2.

1,dBi oxoi s-2yIn(doPL d#R20xohexalHydir endd| &j dhaz ol
yl)pentanoate (26)

t b hgee ner al Birotcierd uwaesn ddirsys oDMFe d 1 0

due its ext Pemeifeltd D wng,o | uD%)Il i
obt aasnedwhiotf & SO|Id. The spectroscopic dat a
repo’®t ed.

IHNMR( 300 MH32),i=CDEZI7&n, 2HOQ7,.7(/m,8 262352 m, 61H) ,
439 8em, 1H3L1 B, 215).86mM, 9I7H) 86 @H)L,. 2881 (m, 2H)
1.84065 (m,128Hy ,(m, 62H) .

1€ENMR( 75 MHz3) u=ClDs®. 0, 162. 2, 135. 0, 129. 0, 1
40.7,293.082%8, 2, 24. 7.

HRM$ EST)mHzal cC HfdkQsS” 3194@47 [ Mlound:27390.

Prepar®dibtom (122 mg, ak.co00d i mnol
\/\)L ;E()

A =26.c4 (—69 DMSO)

1,-d3i oxoi sy InNRJH4 RS\ SO R3 SA4RF1O0 -dliSmeBh y-, 12
tr|oxohexalldeyahgﬂqomtean[a-lit?yhlr)epnentanoate (27)

0 Me o Prepared from dehydrocholic
e 0 mmo | 1 equi ¢)hearernaldi pgo d ec
0 )
.6. On Prod®wc239 mg, 87 %) s waash icfbdt ai n
R d solid. The spectroscopic dat
previousi reported.

IHNMR( 300 MH32),i=CTDE6 &0, (2 HY7,. 772. 7( m1254H)EH) 2. 9
273.(76L8),3U.Ga6H), 1.36 (s, 3H), 6Hz07 3HY, pdk)

'€ENMR( 75 MHz, u=220,l 3209. 2, 208. 7, 169. 9, 162.0
51.8, 4960 %5445 .80, 462. 8, 3&,. 630.3%, 528.3%,. 027 .3¢
18. 5, 11.8 ppm.

n= +1G= 440649 CHCI

13



(% @ ARBMRS &S S0BM®L q ( (dli,03x 0i s-2V In)doA yi )nelanreh driyy | )
8met hyl13dr-b, 2, 5, 6308c t9% MiAAdlrl®p o x y m&ta®ano)
met hanoadbavpdphediyl di2dcet at e (

ovq H Prepar edi &tmy_omegdtbdncérellic acid (2
" mmo | , la cecqouridvigegn @ roa | . Ry roa @B d2u7rOe
Aco%'°A° mg, 94@&pt waam eamhiotf d solid. The spe
Moo, cH, are consispeeviwiushytheperted
oMo IHNMR( 300 MH2.,0=TB&€I 82 (2H)7,.47{7Tm,80
H 2H), 6.36 (d, J = 9.5 Hz, 1H), 5. ¢

J = 3.8 Hz, 1H), 5.22 (d, J = 1.7
11.1 Hz, 1H), 3.09 (d, J = 11.4% Bgm, 1HY) A6 22 .8:
(d, J = 125 .87 Hy ,(M,W)2H)s, 3H)7,8 .96mM,0 A H),, 3H.)26
3H) .
1€ENMR( 75 MHz) Gi=@D6GI. 5, 169.9, 168. 6, 4,611.268,. 81,5¢
124.1, 10877,.,B890,7,5484308,52.2, 51.4, 81.3, 4
16.9, 14. 3.

[ 1-bl'phedgymlrbonyl fluoride (33)
O Preparedhengmbdnt®8c mgecid. 00 mmol , 1
@ Ftriethyleami 2e 5033mnol , 2dbtaquied) i nPt &y
O of whi té&mgp%)iThe( spectroscopic data ar
previousl reported

IHNMR( 400 MHZ,G=€DWY=( 8.4 Hz, J=H)Y, 87 Hz4 @H) , 1
2H) , 77482 (m,7 243 ,( M, 4BH) .

IENMRALOMHz, £BD€157d4 { = 343.2 Hz) J=14801Hz)3
129.2, 128=90.I2HzY, (4=27614.,5 11z3)..5 (d,

1ENMR( 376 MH2 i=XO.@& 3 .1F)
2-(4 sobutyl phenyl )propanoyl fluoride (34)
Ve Prepar éd up r(20megn 1.00 mmol , 1 equiv)

T °F (350, €2.50 mmol , 240% tedwiew) .i nPrtchcu cfto
Me sol1%myg(7y %) Thepectroscopic data are c

previousl® reported

IHNMR( 400 MH2 i=TDEY= (8.2 Hz, J2HB, 27 Ha4J=d), 3.
7.0 Hz, 1) 7.2.3H& nJ@H)7 Hz75IH).Hz1.86)(dp. 80
J=6.Hiz, .6H)

IENMR( 101 MHZ,i=C®&Cd 3= (366.9 Hz), 141.7, 134.c¢
44. W=(d49.5 Hz), 3X039.H2)4, 18.1 (d,

IENMR( 376 MH2 i=XD.Q26 .1F)

14



Gener al prtoleseyodnurhee sfiosr of acyl derivat.i

First Module: SOF, Generation Third Module: Nucleophilic Displacement
! ! I i
¢l FoF .JL F .JL®
f.r.= 0.131 mL min™ o

= | = .o
0.2 M CH3;CN tr = 30 min Et;N + f.r.=0.250 mL min @ fr. )_( mL .mln
3 equiv OH tr = 6 min tr= X min

Second Module: Acyl Fluoride Formation

Schenkeaict or setup for synthesis and der

Thi ocnhyllosralduet i on was pr €pi@mN(e2d0 bnypl paid dNiloegdh dd r y
bottom Bhdskhen cdodrdi(dbe@l2,t Mi.0myolmm@®k ¢ M sol ut i
This solution2®WasnLt skemnge lywd conneThed to

reactor was conditioned by flowing 5.D3mImL of
mL mi n

Thelautithre ddéeciid edas prepar edCHCON @insso0v2ni) i
in>~ri Nl ed 20 mL gl ass vi atL,, alnd Baebghuonyg ) t r Tleit
solution wasd tmdkeryrumgly and c®aomep@Ehed®ia o t h

f

solution was pushed by symiLngie npump at the

Theiclh eophile solution was connect-midx®Bme t he
nucl eophile sobhutitdhe wapprppshade fl ow rate (
entry).

Af ttehreci d sol ution was completely pushed int

st optpheed | d 6 swaguiicnkgley r aspyl raicnegde wci EHC Ba mtdhneg dr y
fl was resWmdadci d sol uti on comphleeTaily® @pGas s ed
fl ow was dthitepbpwedr a@GleCliNwasdcyeased so that t hi
remadinchahigegds nge containing nucleophile so
manner once the soluWUpom Iwaasvipnughhdelld omue a ooths
coll eant odl eirroddnat t o nWofrlkauspk and puri fication pr
belfoor each entry.
N e

Collection flask

— TN
- -

! KF packed bed 8 ¥+

Pump2
(Acid + Et;N)

rrsynthesis
he newly fo
er 2

FiguEeatmple of the flow setup fo
with solutionmfxem PumpPt 2eam 4f t
Li'®u solution in mix

15



Optimioatitboer syn3-chiemetsh oXgpHheonoplu)yl ph-ényl )pr
one (32)

Theasting poi mtivdort skppint enfersamss loff reported ac:
rich dtlenebsal screewinh fvad §§d68bemednhioeds 1

Al | reactions were done on the same scal e, u
thhek mitingheesgentwo modul es were set up and
descri b(elc hbibvedcti on stream | eaving the sec
coll ectedriiredar bbhab o mqfuli pplesdt iwirtihng bar. T M!
1 -ddmethoxyani sol &€ hmiexrteu raed dweads, Igenfdieenmmpe.rsati ur es
Af war,dbme xture was diluted with Et QAGRX20 mL:
mL ) , IIMOBECT mL) , andTheigaai 20 ame)y ..%@s hdried
desi cwcadsmtd t er ed owafrse morvee ds awlnvdesm t Trheed u ceesicuul g ei ensgs
was purified using aut omat epde nctoal nuemnE t cOhArco ngartac
80/ 20) .

We first tried to reproduce the pamwubptusby
TMSOTf wused to account ssNeeftrtikel ilecdbgpegpri 9d et
was ob(tla2jteheed react eabhr emeldsy nirstiogp dat sNot h Et
antdhceor responding ammonium salt.s Isevleirvpdity ofnt
increased the amount b Fhceotrmpd eTt MS GNes{ atmoty ad@cf)c oBEUMNC
the excexpyesenBSOFnenthyg M) xt Wee a( so i ncreasce
nucl eommitltee,hmtwnbtudee si red transformation i n a
We were pleased to see that adashiegnusfe cafntb5.ithc
yield (41%) and decided to use this ssonghi o
he iomrvieeaerseof addition might | ead to cleaner
treaan pmepared s-o0i mei boxphendz &neen tahmude 4TEMS OT f
hi etdo a sl i ght Ne gwee atsrei @adh tyad el dpr ove t he
ncreasing .th@titfypreglay,urru®ilnegd athéeh e re aic ¢ o
n yiel dVe( ¢ oHuimsd r5dsult satisfactory enough t
o fl ow.

Thecd eophile solution wds$mptbpaybdnbgh.a7i5st 0
mmo | , 1.5 @dg@WN(BmLi mMm)d3r yMind adding TMSOTf (0.°1!
5.5 equiv). This a8 xmlreywiarsgd akred m@urbtyed o
was connecstterde enanvtineeegc b & chewd ul emivxiear , T t he out | ef
was connebifed fobdqt®heeat unheecnbpielr)a.t uflrheimmoodfu lteh e
waadj ulsyt eslub mercegi hgi n aT hweadree o bhaitlhe sol uti on
through af hewo®ialt 4&imL contributing to the tot
minin the t Mihredacmodonl es.tream | eavingotvkea r ea-
driefli | | ed ortBhadimLom Ohasekt he nuclemotpipruegleyed ol u
out of tiweassymuirtkd,y replaced wi CiHCHn athlder sy
fl wasesumed. Once the nucl eophlemiextdhspd udnd n
syringe pump was stoppedwaadjdudt edv tr@ateommme n
total flow rate. Fl ow wasmplteuampheyd omude otfhda hr
Thearction mixture was worked up amrmdestchme bpdo
abov&éhdéfeodd batch approach.

— = =+ () ~+
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We were pleased to find that translating our
desired compound in comparable yielnd¢creasidng
the gven df urt her by increasing talhdg usd®inggend e
| en(@ée¢ mt,r yb &ti)) gmacfhiacnagnet was observed.

Tabd@pti mi zati on o-f 3-dbBme tsly o x2 @isseashy dot)Xy | 1Ip Hle
one

Entr MethoTMSOTMe@nI.S T Rea.ct|0| Yi el
(equ (equi Resi denc

1 fed b 2.7 1 r.t 19 h 12%
2 fed bi 4. 2 1.5 r.t 19 h 6 %
3 fed b 5.5 1.5 r.t 19 h 4 1%
4 fed b 5.5 1.5 r.t 19 h 3 803!
5 fed bi 5.5 1.5 6 OC 19 h 49 %
6 fl ow 5.5 1.5 6 0C 24 min 46%
7 flow 5.5 1.5 6 0C 48 min 4 4%

lalst ream |l eaving second modul eouvtent t cmbIfd @atskg wi

di met hoxybelnz elne7 501 OMmo | , 1.5 equiv) and TMHOHRIN( Q!

mL .

Characterization data for synthesized compou

SbenzR¥( R8I SOR3 S4RF1O0 dliS3meBhy-trni2oxohexadecahy
IH-cyc | o@ eprmtean[ad Ahlr)epnent anet hi oate (29)

0 Me o Prepardeéehfydomchol ic acid (201
o ; ( equehnt@le_nzyl mercaptan (186 mg, :
N foll otwignegner al procedur e for

derivldacivesphile sobytdosswaysirf
benmgl capnt a&dCyN( 3 nmhéehitrd modul e
consbét¢teidl react or ooff 1il1lnN4decrhmeaolp hviolleu nseocdtut i on
the flow ranié{ todt ®&I. 1f413o0wnLr at e i nmitHhAifrtde rmat dhuel
reaction hnemeacboven, mi xtur e avraba schieldutwa d hwistaht . E
and brine. Organic | 2a9@ de wiasc adnrti, afdid | otgeert evda mat
removed under TlRreucedderpssesduet mi xture was
chromat Gga0@apCh/yMg @HL 9 )Y 6t 0o 203 Smg@l%w) as a br ow
solTihd s compound was not previously descri bec

IHNMR( 300 MHZ2 @=7C®LHM, S5H)(,s,4 .2D2)67 2. BHI) .44 2. 6

(m, 263, (@HB2.2103 (m,-12H5,(m@,.-DB8HJ, (m,-98H) ,

1.38 (m, m2H3IH)KB&. 86d( J = 14013 3z ,( n5,. 11 Hz,, 11.H3
1.18B1.18 (mO( #AH)30H), 0O0. & 6.6 Hz, 3H).

Ph
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1€ENMR( 75 MHz3) u=@DCIl 9, 209.1, 208. 7, 199. 0, 13
51.7, 48.9, 46.7, 45.5, 45.4, 44.9, 42.7, 41
21.8, 18. 8.

HRMS FInyzal c sHf6MS: BO®B9O HFaMynd: 508. 2647.
W= +1@6. 44649 CHCl

(B-N-benzy R8BS SOR3 SA4RFLO ,-dlidmeBhy-t ni2oxohexadecahy
IH-cyc | o@ eprtean[ad Fhlr)epne nt 8ami de (

Prepared from dehydrocholic ac
equianyd benzyl eLamiln.e50( 1n6mMo | , 3
Nucl eophil e solution wa s pr e

benzyl ami ne, teL i, etlh ywl0Oa mmod , ( 31
ani,-tNi me4-daamilnopy 2indg ,n@O0mpib | ,

0.2 equidiadyN( 3. O Nmmc ) eophil e solution was pushi
mLmi'(total flow rate i nmithhThreditmo dmbeu wasc On S
acoil reactor with internal volume of 11.0 ml
soluti omgrwedumueed using feeding | oopsth(trad av
modul e was &am buretrrgeesdOu mc bfablecoemnséion tempe:
water bathACr ¢ $€.418rom 23

After the reaction completion solvent was r
transfasrerpad attaory funnel wi twasEetg@Aao e(dd @ oml)r a(
ent i rteisgubst Bmeg@mni c | ayer was (aaxsxhze0d mi)t,h sl
NaHGQO2x20,amtd) bri neThe2gmanmlc) | ayer wasSQ@dri ed
desiccantarnrfd Igcelreantofrfemoved under reduced pr
aaf oamy yell ow sollhiids (clo8nip onugn,d 7wWla%) .not previ C

IHNMR( 400 MHZ 0=TDL4 In7, (5H)5,. 758. §1m,-4 1HYP=( &, 85
Hz, 2 B)722(@&5238B, (M,-28MH) , (12,951H) , (In, 56 H) ,
1.47 (Im,-38H) ,(m, 4 H), 1.0317 6[=s(,6,36H)Hz,0.39 7H)(.s

1ENMR( 18MHz, gBOD€LA12.2, 209.2, 208.9, 173.2, 13
51.9, 49.1, 46.9, 45.7, 45.6, 45.1, 43.7, 42
22.0, 18.9, 12.0.

HRMS$ ESmAical c ds HANDQ+ HC 4 9 2[ . MB+IHI]J4Found: 492.3119.
= +1c¢= 44049 CHcCl

A
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tebut yR)-4-((RBS BSOR3 B4 RFLO -dlidmeBhyt ni2oxohexadecah)
IH-cy c | o @ eprhtean[ad tAhlr)epnent anoat e

O Me o Prepared from dehydrocholic ac
Me Me . . . .
o me €QUIi VD)i tahhidbmt o Ki2de 1.50 mmol ,
.6. oA equiv). Nucl eoupsheid ea ss bfluulciians ew
H OH " soluti ont ebfu tloixtihdieu m n hTeMHiIRr ¢ 15 r

modul e coatoiidt ackacft or with int
9. MENucl eophile solution was mpiushedaat fi oev
third modul eniwas 0. 964 mL

Af tereabti ooncéammLedbi water was atbseod uttoi otnh e
t uedno gel . 't was solubilizedThw gaanEt ORay é2°E
washed wig(R.0 MO ran(® ObrmLn)lehd g@nmt)!| ayer wa
over a@ . dNeasfiiclctadhded sol vent removedTheder
ccude was filtered throug@ompgdumrd 3G iwas pehhtt
l i gkt | ow 4s0ghb MUYTHi s compopmelviwagssinptreported.

IHNMR( 400 MH32),i=2D&8 ™5, (3 H)2. 023. 3(2m,-1 9#8HF , (mh, 96H)
1.4069 (m,-12HH0, (m,-58H3 , (m, 42H) 1.36 (s, 8H),
3H), W=76.@dHz, 3H)

IENMR( 75 MHz) 8=@DQI. 1, 209.3, 208.8, 173.5, 79.
45.5, 44.9, 42.7, 38.6, 36.4, 36.0, 35.4, 35

HRMSES)m/zal c b HiG+H £59. BMEB] Fodund.:.3108

n = +1d=. 616049 CHCI
1-( 3-dbmet hox2-pheonhPu)yl phéogé) p8Bdpan

Me o Prepariedupromen (103equgi vpP. 500 ocen
Me O OMe descri bed aboveayd®lrloadwcaoi lobtfadn2&d

Me
OMe
IHNMRE00 MHz 5 GEDCEA=(8.6 Hz, JEHB, 27 HZ3 Je#), 7
= 8.2 Hz, 2348). .6 Hz243 H)dJE26.H37 4AH)F=(6§, 9 Hz, 1H
3.81 (s, 3H), 3= 779. 2( sHz ,BeHR)i4) @ . BLOHYK d(JEHP, 81. 4
Hz, 3H)J=068F Had, 6H).

!1ENMR( 75 MHz) ti=eDQlL. 0, 164.0, 160.0,12738.,8,1213¢
105.1, 98.4, 655.5, 55.4, 50.9, 45.1, 30.2, 2

HRMS$F +m/zal c b Hf®'r3 2% . L BIB 2 F oun6d.:.1 87 7
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Scope | imitations
1-1 SI3 1-5

Boc O

R mﬁ:ﬂ

SI-10

Figutaesdccessful scope entries.

Figucentai ncsarablolx ytthheat adi dsooitr g9 ppd gt itdhdeuor i
under the optlwmdgedgcbndSmitcSotmpghoeu nrdesacti on i s
tdensel yeovowdenthent s, -deisspuebcsi tail tl wt .ddvdlod it snaviadc | e
the presence of nucl eophi BEi8¢t Sddomred i st swalhenr
either presumably because its reaction with
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NMR Spectr a
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(2)

1,-d3i ox oi s-&V Inpddoel niynl benzoat e

T T T T T
84 83 82 818079 78 77 76 75 74 73 7.2

5 (ppm)
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(3)

1,-d3i oxoi sy Inndebtlhionx y benzoat e

8/°L
6L°L
6L
08°L~=

Ve
68°L ~_

68°L T

om.n\

16°L

11°8

Nﬁ.w/

T8~ -
I8 -F -
E.m\
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a
)
TO.N-M
n2
N
ﬁ_/. 4
-7\m)
Feoel 2 g
Lo (o
[ .
o
I~ 0
[~
Feoe[ ®
N
e
* o

88'¢

96'9

3
%
a 0
-

e O

m—===="F0'C
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SE°C9T
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5 (ppm)
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(4)

1,3 oxoi s-&ylIndmdnmoat e

—10'C

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
5 (ppm)

10.0

TTvet

8E'GCT ~
86'8¢T

0T°6CT

€L°0€T
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