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ARTICLE INFO ABSTRACT
Article history: Catalytic enantioselective methods for the generation of cyclopropanes has been
Received standing pharmaceutical interest. Chiral dirhodium(ll) catalysts prove to be an effective
Received in revised form for the generation of diverse cyclopropane librariesy(RDOSP) is generaally the mo
Accepted effective catalyst for asymmetric intermolecular cyclopropanation of methyl aryldiazos
Available online with styrene. RESPTAD), provides high levels of enantioinduction witintho-substitute
aryldiazoacetates. The less-established(RRBNP) plays a complementary role to R
Keywords: DOSP) and RB(S-PTAD), in catalyzing highly enantioselective cyclopropanation ef 3
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Donor/acceptor carbenoids . .
Dirhodium catalysis 2013 Elsevier Ltd. All rights reserved

Phenyldiazoacetate

methoxysubstituted aryldiazoacetates. Substitution on the styrene has only moderate i
on the asymmetric induction of the cyclopropanation.

1. Introduction substrate scope of RR-DOSP)-catalyzed cyclopropanation is

. ) _quite broad in terms of both the trapping agent and the donor
The metal-catalyzed decomposition of diazo compounds in th&roup on the carbenoid:**® However, a detailed study on the
presence of alkenes is a éggeneral method for the stereoselectiyf ence of the aryl substituent of the aryldiazoacetate ofRRh
synthesis of cyclopropanes.We have previously shown the pogpy.catalyzed cyclopropanation has not been conducted. The

rhodium-catalyzed  cyclopropanation  of  donor/acceptorga.qng catalyst, R{SPTAD),, is the optimal chiral catalyst

carbenoids to be effective for the enantioselective synthesis gfhaon the acceptor group in the donor/acceptor carbenoid is a
cyclopropanes with one or more quaternary stereogenic c&nter hosphonat& trifluoromethyl2° cyano® or keto groug? Due to

As many cyclopropyl amines are known to have significante nerceived superiority of RIR-DOSP) in the reactions of
CNS activity”® we have initiated a program to use our aryldiazoacetates, RISPTAD), has not been thoroughly

cyclopropanatlon . methodology to access novely aluated in the reactions of this class of carbenoid precursor.
diarylcyclopropylamines as potential therapeutic agents (Schemlehe third catalyst, RER-BNP),, is an interesting catalyst f,-

1). For the methodology to be broadly useful in drug discoverySymmetry that h,as been ay;)plied to a number of carbenoid
access to a range of diarylcyclopropyl derivatives with highreaction§3'27 but has not been previously evaluated in the
levels of enantioenrichment is required. Herein, we define th?yolopro;ﬁanation of donor/acceptor carbenoids.

optimal catalysts for the cyclopropanation with various types o

methyl aryldiazoacetates.
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Scheme 1Route to cyclopropyl amines from aryldiazoacetates o CO O Rn
Three chiral dirhodium-(Il) catalysts were selected for this L CiHs |, 4
study (Figure 1). The first catalyst, RR-DOSP), is considered Rhy(R-DOSP), Rhy(S-PTAD)4 Rhy(R-BNP),

to be the optimal catalyst for the reactions of donor/acceptor ) ) o
carbenoids when the acceptor group is a methyl E&tghe  Figure 1. Dirhodium-(ll) catalysts used in this study
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2. Results and Discussion BNP), gave <60% ee in the cyclopropanation reactions of
) .. unsubstituted or 4-substituted aryldiazoacetates with these same
The study began by exploring the effect of aryl substitutiony,psirates. The one exception, however, is the reaction of 4-
on th_e enantioselectivity in the cyclopropanatlon of _styrene anethoxyphenyldiazoacetaim with Rh(SPTAD),, which gave
aryldlazqacetates. The r_esult_s for_ a series of aryldiazoacetatgg, cyclopropane3e in exceptionally high enantioselectivity
(1a-l) using the three chiral dirhodium cataly_stszqmcDOSP), (entry 5, 96% ee). RIR-DOSP), also performed well in the
Rh(SPTAD), and RB(R-BNP), are summarized in Table 1. \oactions of 2-substituted aryldiazoacetategentry 6, 92% ee)
Excellent levels of diastereoselectivity were achieved in all caseg,g 1g (entry 7, 86% ee), and moderately well with 3,4-
(>95:5 dr) and the isolated yields of the cyclopropanes wergjcpiorophenyldiazoacateh (entry 8, 82% ee), confirming that
generally high, ranging from 63-98%. The absolute conflguratloqqhz(R_Dosp) is the optimal catalyst for a range of
of the majgg isomer of the cyclopropanes is_tentatively aSSigne%yldiazoacetates. The enantioselection with(&RTAD), is
as B2R™ RR(RDOSP) provided high levels of qyiremely variable. However, in certain cases, it provides
enantioinduction when unsubstitutett) or 4-substitutedlb-€)  oyceptional levels of enantioselectivity, as seen in the reaction
methyl aryldiazoacetates were employed as substrates (Table g}, 2-chlorophenyldiazoacetatelf, which generates the
entries 1-5, 87-90% ee). In general ,&PTAD), and Rh(R- cyclopropanéf in 97% ee (entry 6).

Table 1. Examination of the influence of substitution on aryldiazoacetate

e
Ph™ X
Ny 2 /&\\\Cone
ArACOZMe 1 mol% Rh(II) catalyst Ph A
1a-l solvent, rt 3a-l
Rhy(R-DOSP),“ Rh,(S-PTAD),” Rh,(R-BNP),?
entry Ar product yield (%) ee (%) yield (%) ee (%) yield (%) ee (%)

Fy,
1 ©/ 3a 85 88 87> 210 72 42
2 @% 3b 84 87 77¢ 46 69 51

5 MeO@—g 3e 66 90 93¢ 96° 84 57
6 @ 3f 89 92 80° 97¢ 78 51
cl
7 d 3g 92 86 87¢ 80° 69 27
OMe
c b b b b
8 3h 88 82 88 60 82 63
cl
MeO
9 3i 74 56 70¢ 94¢ 93 97
MeO
MeO
10 3j 78P 79b 72b 16" 82 88
MeO
11 3k 85bc 28b¢ 85be 3be 69° 92¢
OMe
MeO
12 31 9gb 34b 95b 9P 63 90
MeO

OMe

“pentane, “toluene, €0.5 mol% catalyst loading
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Interestingly, RA(R-DOSP), fails to provide high levels of
enantioinduction when the aryldiazoacetate contains a 3-metho>é¥ i ith 1 5a- ith dest level f
substituent Ti-) (entries 9-12), especially when the ring is SY/ENeS 4a-g) wi L gave Sa-g With modest levels o
polysubstituted 1i, k-1). In these cases, the cyclopropaﬁesk I enantioselectivity (48-67% ee).
arewgroducedhjn, 28-56% eg tentries 9, 111 “'-“" iS  Table 3.Substrate Scope of Styrene with,EWBNP),
an e ve  catalyst only in
dm“ﬂ%ﬂmxyphenyldlazoa ) enerating the cy op1@rade
in 94% ee (Shtry 9). In coMEAST RRBNP), 3ls an extremely
ef'fec’[l\(egtr catalyfst’dswlyth r_&lbtmﬁ)f thyc;eel dg%)@wetflg_ substituted
aryldi 4 (e ( 8-97%

ee (entriles 9- 12) 1 1 gg ZZ Rh,(R-BNP), Rh,(R-DOSP),

One3of the most attractive featur@s of ,®ROSP) and entry Ar product  yield (%) ee (%)  yield (%) ee (%)
Rh(SPFAD), ad-0dhiral catHlysts is tHat they4fre capable of
operatingqat. layezatalyst loadings.As Rh(R-BNP), was found 1
to be the optimal catalyst for 3-methoxyaryldiazoacetate
derivatives, we investigated whether it could also operate at low
catalyst loading. Reactions of aryldiazoacetate with 2
successively lower loadings of RR-BNP), are summarized in
Table 2. RRR-BNP), was effective at catalyzing highly
enantioselective cyclopropanation with catalyst loadings of 1.0 3
and 0.5 mol%, providingi with virtually the same level of
enantioselectivity (entry ¥s. 2, 97% eevs. 96% ee). When the
catalyst loading was decreased further to 0.1 mol% a more 4
significant drop in the level of enantioselectivity was observed
(entry 3, 91% ee). Further decreasing the catalyst loading to 0.01
mol%, however, caused a dramatic decrease in enantioinduction
(entry 4, 40% ee). These results suggest that, althougl®Rh
BNP),is capable of moderately high turnover numbers (TONS), it
may not be as robust a catalyst as,(RIDOSP), or Rh(S
PTAD),, which are capable of TONs as high as 850,000 and 6
1,800,000 respectively in  asymmetric  intermolecular
cyclopropanatioR?

Ar/\

4 LCO,Me
a .
COMe & Ar OMe
0.5mol% Rh,(R-BNP),
OMe

toluene, rt Sa-g

»

5 3
o o]
= ;:z
- [y

v
1Y)

76 90 47 64

5b 90 88 50 67

Q8

5c 80 90 82 62

=
)
Q

5d 94 80 28 50

Se 90 90 19 63

"I'I
w
Q

R}

5f 81 89 49 67

o

5g 72 86 79 48

& 8

Table 2. Examination of R(R-BNP), Loading

o

These studies reveal subtle differences in the ability of the
chiral dirhodium tetracarboxylate catalysts to induce high
enantioselectivity in the cyclopropanation of styrenes, as
summarized in Table 4. The previous expectation thg{RRh
DOSP) would give high asymmetric induction for all
aryldiazoacetates was found not to be true, although it was found

TnQTable7Table 4.A Guide to Chiral Dirhodium-(ll) Catalyzed

Cyclopropanation
N Py COM
Ar)J\COZMe 0.5-1 mol% Rh(II) catalyst Ph/AiArz °
1ad solvent, rt 3(&)1/-I 1d
At the onset of this study, the asymmetric induction of the 6369_37‘3/?:6

cyclopropanation was not expected to be heavily influenced by
the functionality on the aryldiazoacetate. Having observed Ar catalyst  yleld (%) e (%)
considerable variation in enantioselectivity depending on the R mLL
nature of the aryl group, we decided to explore the effect of ;©/ Rhy(R-DOSP), = 66-93 82-92
modifying the substitution on the styrene. These studies were R
focused on R}{{R-BNP),-catalyzed cyclopropanation with the R=H, Cl
3,4-dimethoxyphenyldiazoacetate (Table 3), because RR- R'=H, alkyl, Cl, OMe
BNP), had not been previously evaluated as a catalyst for this *,
transformation. The levels of enantioselectivity in the @\/ Rhy(S-PTAD), = 80-87 80-97
cyclopropanation under R{R-BNP),-catalyzed conditions were ReCL OMe
found to be moderately influenced by the functionality on the ’
styrene, as the cyclopropar&s-g were obtained with uniformly
high levels of enantioinduction (80-90% ee). Previous studies MSO:Q)’”

> Rhy(R-BNP),  63-93 88-97
have shown that R{R-DOSP)-catalyzed cyclopropanation is R
also not especially influenced by the nature of the stferand I

=H, e

the Rh(R-DOSP)-catalyzed cyclopropanation of a range of
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to be the most effective catalyst for the broadest range af.2 General Procedure for the Synthesis of Methyl
substituted methyl aryldiazoacetates. In spite of the fact thahenyldiazoacetate¥
Rh,(SPTAD), is the most consistent catalyst when the acceptor
group of the donor/acceptor carbenoid is modifféd,the level
of enantioselectivity was found to be highly variable when aryl
substitution of the aryldiazoacetate was modified. In particulal
Rh(SPTAD), was very effective with 2-chlorophenyl
aryldiazoacetate derivative. RKR-BNP), becomes the best
catalyst for 3-methoxyphenyl-substituted aryldiazoacetat
derivatives. The cause for these subtle variations, at this stage
not well understood. There is no clear steric or electronic trend
define which catalyst will perform best in a given system, which L
suggests the asymmetric induction may involve a combination Oﬁar:uratgd N"Tﬁ] and the_aqlueous IayeLwas extlza((:jted_ vgnt(ljw c_ilet_hyld
factors includingn-stacking interactions. Computational studiesEt er (3x). € organic layer was &, washe wit elonize
are in progress to develop a rational model to explain thes'é'zo to remove any re5|dua_| salts ¢ M comb!ned organic layers
trends. were dried over MgSg@and filtered. The organic I_ayer was ther_l_
concentrated under reduced pressure. The residue was purified
3. Conclusion via flash chromatography on silica gel (10:1 Hexanes:EtOAc).

The methyl arylacetate (1 equiv.) apdABSA (1.3 equiv.)
ere dissolved in acetonitrile and cooled to 0 °C using an ice
ath under an argon atmosphere. 1,8-Diazabicycloundec-7-ene
(DBU, 1.3 equiv.) was then added to the stirring mixture over the
course of 5 minutes. After the addition of the DBU, the reaction

ixture continued to stir at 0 °C for an additional 15 minutes.

nce this allotted time had passed, the ice bath was removed and
’tge reaction mixture was stirred for 24 hours at room
emperature. The resulting orange solution was quenched with

This study provides guidelines for choosing the optimal chira#h.3 General Procedure for the Synthesis of Methyl
dirhodium-(Il) catalyst for cyclopropanation of aryldiazoacetatesPhenylcyclopropanecarboxylates with Ri(R-DOSP),
The nature of the aryl group on the aryldiazoacetate strongly . .
affects the asymmetric induction imparted by the three catalysts In at_ZS-TLbrounc: bottoms ﬂask_ (Flaslzj A) ec(q)uslgpedov(\)/gh a
studied. Depending on the aryl substituent,,(RIDOSP), magnetic stir bar, styrene (5 equiv.) and,(RFD ) (0.

Rhy(SPTAD), or RB(R-BNP), can be utilized to obtain the €IulV-) were dissolved in dry, degassed pentane (3 mL). The
desired cyclopropane with a high level of enantioinduction. ijeaction mixture was then degassed using vacuum/argon cycles

. . 3). In a separate 25-mL round bottom flask (Flask B), the
contrast, the functionality on the styrene has only mode_rat%ethyl phenyldiazoacetate (0.5 mmol, 1 equiv.) was dissolved in

influence on the level of asymmetric induction in ;
cyclopropanation reactions. These studies set the chemicgﬁy’ degassed.pentane (5 _mL) and degassed using vacuum/argon
foundation for our ongoing studies to develop therapeuticall y(_:Ies (x3). _The contents in Flask B were then added to Flask A
useful diarylcyclopropylamines, the results of which will be Sing a syringe pump for the du_ratlon of 1. hour. Aft?r. the
reported in due course. addition, the reaction mlxt_ure continued to stir for 1 _addltlc_mal
hour. Once the allotted time had passed, the reaction mixture
was concentrated under reduced pressure and purified using silica
gel column chromatography (increasing gradient starting at 10:1

4.1 General All reactions were conducted under anhydrousHexanes'EtOAc)'

conditions in oven-dried glassware under an inert atmosphere af4 General Procedure for the Synthesis of Methyl

dry argon, unless otherwise stated. Hexanes, pentane, ap#lenylcyclopropanecarboxylates with Ri(S-PTAD),

toluene were dried by a solvent purification system (passed . .
through activated alumina columns). All solvents were degassed " @ 25-mL round bottom flask (Flask A) equipped with a
by bubbling argon through the solvent for a minimum of 10Magnetic stir bar, styrene (5 equiv.) and,®PTAD), (0.005
minutes prior to use. Unless otherwise noted, all other reagerffgUiv-) were dissolved in dry, degassed pentane (3 mL). The
were obtained from commercial sources and used as recéived. €action mixture was then degassed using vacuum/argon cycles
Nuclear Magnetic Resonance (NMR) spectra were recorded §3): [0 @ separate 25-mL round bottom flask (Flask B), the
400 MHz or 600MHz. Data presented as follows: chemical shiff"€thy! phenyldiazoacetate (0.5 mmol, 1 equiv.) was dissolved in
(in ppm on thes scale relative t6H 7.27 for the residual protons drY: degassed pentane (5 mL) and degassed using vacuum/argon
in CDCL), coupling constant (J/Hz), integration. Coupling cy(_:Ies (x3). _The contents in Flask B were then added to Flask A
constants were taken directly from the spectra and ardSing @ syringe pump for the duration of 1 hour. After the

uncorrected 2*C NMR spectra were recorded at 100 MHz and a”addition, the reaction mixture continued to stir for 1 additional
chemical shift values are reported in ppm ondfseale, with an hour. Once the allotted time had passed, the reaction mixture

internal reference o6C 77.23 for CDG. Mass spectral Was concentrated under reduqed pressure an_d purifieq using silica
determinations were carried out by using APCI as ionizatiol€! column chromatography (increasing gradient starting at 10:1
source. Melting points are uncorrected. Infrared spectral dafd€*a@nes:EtOAC).

are reported in units of ¢ Analytical TLC was performed on 45 General Procedure for the Synthesis of Methyl

silica gel plates using UV light. Flash column chromatographyhenylcyclopropanecarboxylates with RA(R-BNP),
was performed on silica gel 60A (230-400 mesh). Optical

rotations were measured on Jasco polarimeters. Analytical !N @ 25-mL round bottom flask (Flask A) equipped with a
enantioselective chromatographies were measured on Varidh@gnetic stir bar, styrene (5 equiv.) and(RBNP), (0.01
Prostar instrument and used isopropanol:hexane as gradieRfUiv-) were dissolved in dry, degassed toluene (3 mL). The
Chiral HPLC conditions were determined by obtaining separatiofaction mixture was then degassed using vacuum/argon cycles
of the racemic product. RIR'SDOSP), was employed as the (x3). Ina sep_arate 25-mL round bottom f_Iask (FIa;k B), thg
catalyst in the racemic reactions. Styre@p 4nd substituted Methyl phenyldiazoacetate (0.5 mmol, 1 equiv.) was dissolved in
styrenes 4a-f) were commercially available and purified by dry, degassed pentane (5 mL) and degassed using vacuum/argon
pushing through a silica-filled pipette prior to use. ,(Rh cy(_:Ies (x3). _The contents in Flask B were then added to Flask A
DOSP),® Rh(SPTAD),,'° Rh(R-BNP),? aryldiazoacetatesa- using a syringe pump for the duration of 1 hour. After the

12 and styrenedg®® were all synthesized according published 2ddition, the reaction mixture continued to stir for 1 additional
procedures. hour. Once the allotted time had passed, the reaction mixture

4. Experimental Section
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was concentrated under reduced pressure and purified using silita4.1, 136.1, 133.7, 133.4, 133.2, 128.3, 128.2, 128.1, 126.8,
gel column chromatography (increasing gradient starting at 10:32.9, 36.9, 33.4, 20.6; IR (film): 3031, 2951, 1717, 1493, 1255;

Hexanes:EtOAC). HRMS (APCI) calcd for GH;c0,Cl (M+H)" 287.0833 found
4.1.1. (1R,29-methyl 1,2-diphenylcyclopropanecarboxylate (3a). 287.0833.
Title compound was prepared by general procedure and obtaindd..5. (1S2R)-methyl 1-(4-methoxyphenyl)-2-

as a white solid. 85% yield for RR-DOSP); 87% yield for  phenylcyclopropanecarboxylate (3e). Title compound was
Rh(SPTAD),;; 72% yield for RR(R-BNP),; HPLC: (Chiralcel prepared by general procedure and obtained as a white solid.
SS-WHELK, 1%i-PrOH in hexane, 1.0 mL/min, 1 mg/mL, 30 66% yield for RB(R-DOSP); 93% yield for RW(S-PTAD).; 84%
min, A = 254 nm) retention times of 8.62 min (major) afid?2  vyield for Rh(R-BNP),; HPLC: (Chiralcel OD-H, 0.7%-PrOH in
min (minor), 88% ee for RIR-DOSP); 21% ee for RIS hexanes, 1.0 mL/min, 1mg/mL, 30 mih,= 254 nm) retention
PTAD),; 42% ee for R(R-BNP),;, R = 0.25 (hexane: ethyl times of 11.97 min (major) and 17.71 min (minor), 90% ee for
acetate 10:1)*H NMR (600 MHz, CDCJ) § 7.12-7.11 (m, 3H), Rhy(R-DOSP); 96% ee for R{SPTAD),; 57% ee for R}(R-
7.05-7.01 (m, 5H), 6.77-6.75 (m, 2H), 3.70 (s, 3H), 3.11 {dd, BNP); R = 0.39 (4:1 Hexanes:EtOAc)u’% = 5.1° (c = 1,
7.2, 9.3, 1H), 2.13 (dd] = 4.8, 9.3, 1H), 1.88 (ddl = 4.8, 7.2,  chloroform);*H NMR (400 MHz; CDC}) § 7.10-7.07 (m, 3H),
1H); ®*C NMR (100 MHz, CDGJ)) § 174.5, 136.5, 134.9, 132.1, 6.95 (d,J = 8.8 Hz, 2H), 6.80-6.77 (m, 2H), 6.68 (U= 8.8 Hz,
128.2, 127.9, 127.2, 126.5, 52.8, 37.6, 33.3, 20.7; Data ar2H), 3.74 (s, 3H), 3.68 (s, 3H), 3.09 (dd; 9.2 and 7.6 Hz, 1H),
consistent with the literaturé. 2.14 (dd,) = 9.2 and 4.8 Hz, 1H), 1.84 (ddl= 7.2 and 4.8 Hz,
1H); °C NMR (100 MHz, CD(J) 6 174.9, 158.6, 136.7, 133.1,
f'c')llyﬁ'cydOpropaneca(rﬁfﬁlg‘et%) e cozmp;c?%l dl (\fv}as 128.3, 127.9, 127.0, 1265, 113.4, 55.3, 52.8, 36.9, 33.4, 21.0; IR
prepared by general procedure énd obtained as a white sol flim): E'O?E)l ﬁfﬁ*zggglgzgf 1535’2;?%2';'?'\/'3 (APCI) calcd
84% yield for RB(R-DOSP); 77% vield for R(SPTAD),; 69% CaaH1s05 (M+H)” 283. ound £63.1326.
yield for Rh(R-BNP),; HPLC: (Chiralcel SS-WHELK, 1%- 4.1.6. (1S2R)-methyl 1-(2-chlorophenyl)-2-
PrOH in hexane, 1.0 mL/min, 1 mg/mL, 30 min= 254 nm) phenylcyclopropanecarboxylate (3f). Title compound was
retention times of 10.57 min (major) and 14.13 min (minor), 87%prepared by general procedure and obtained as a transparent oil.
ee for RR(R-DOSP); 46% ee for R{SPTAD),; 51% ee for 89% yield for RB(R-DOSP); 80% yield for R((SPTAD),; 78%
Rhy(R-BNP);; R = 0.44 (4:1 Hexanes:EtOAC)uJF%: *17.2° (c.  vyield for Rh(R-BNP),; HPLC: (Chiralcel OJ-H, 0.5%PrOH in
1, chloroform);"H NMR (400 MHz; CDC}) § 7.11-7.07 (m, 3H), hexanes, 1.0 mL/min, 1mg/mL, 30 mih,= 254 nm) retention
6.98-6.92 (m, 4H), 6.82-6.80 (m, 2H), 3.69 (s, 3H), 3.12 §dd, times of 11.47 min (major) and 15.27 min (major), 92% ee for
9.2 and 7.2 Hz, 1H), 2.27 (s, 3H), 2.16 (dd&; 9.6 and 4.8 Hz, Rhy(R-DOSP); 97% ee for R{SPTAD),; 51% ee for R}{R-
1H), 1.88 (dd,J = 7.2 and 4.8 Hz, 1H)**C NMR (100 MHz, BNP); R = 0.43 (4:1 Hexanes:EtOAc)a]f%: 61.8 (c. 1,
CDCly) & 174.8, 136.8, 136.7, 131.9, 131.8, 128.7, 128.3,912 chloroform);*H NMR (300 MHz; CDC}) § 7.18-7.02 (m, 7H),
126.5, 52.9, 37.3, 33.4, 21.4, 20.9; IR (film): 3028, 2950, 17166.84-6.76 (m, 2H), 3.68 (s, 3H), 3.13Jt= 8.7 Hz, 1H), 2.10 (m,
1255; HRMS (APCI) calcd for gH;40, (M+H)* 267.1380 found  1H), 1.91 (dd,J = 7.2 and 5.1 Hz, 1H)*C NMR (100 MHz,
267.1380 CDCl,) 6 173.6, 137.5, 133.5, 129.6, 128.9, 128.2, 127.6,6.2
126.4, 52.9, 33.5, 29.9, 21.7; IR (film): 3031, 2950, 1718, 1251,
4.1.3. (1S.2R)-methyl Zphenyl-1-(4- 694 HRMS (APCI) caled for GHiO,Cl (M+H)® 287.0833
(trifluor omethyl) phenyl)cycl opropanecar boxylate  (3c). Title found 287.0833
compound was prepared by general procedure and obtained as a ' '
transparent oil. 93% vyield for RIR-DOSP); 67% yield for 4.1.7. (1S2R)-methyl 1-(2-methoxyphenyl)-2-
Rh(SPTAD),; 80% vyield for Ri(R-BNP),; HPLC: (Chiralcel  phenylcyclopropanecarboxylate (3g). Title compound was
OD-H, 0.5%i-PrOH in hexanes, 1.0 mL/min, 1mg/mL, 30 miin, prepared by general procedure and obtained as a white solid.
= 254 nm) retention times of 8.27 min (minor) and 10.34 mirM2% yield for RB(R-DOSP); 87% yield for RW(S-PTAD).; 69%
(major), 87% ee for RER-DOSP); 77% ee for RS PTAD),; yield for Rh(R-BNP),; HPLC: (SS-WHELK column, 1% PrOH
57% ee for RHR-BNP),; R = 0.44 (4:1 Hexanes:EtOAC)]f%: in hexanes, 1.0 mL/min, 1mg/mL, 30 min= 254 nm) retention
19.1 (c. 1, chloroform):H NMR (400 MHz; CDC}) & 7.36 (d,J times of 11.65 min (minor) and 14.00 min (major), 86% ee for
= 8 Hz, 2H), 7.12 (dJ = 8 Hz, 2H), 7.06 (m, 3H), 6.74 (m, 2H), Rh(R-DOSP); 80% ee for R{SPTAD),; 27% ee for R{R-
3.66 (s, 3H), 3.14 (ddl = 9.6 and 7.6 Hz, 1H), 2.17 (dii= 9.2 BNP); R = 0.45 (4:1 Hexanes:EtOAc)p]%: “133.3° (c. 1,
and 5.2 Hz, 1H), 1.88 (dd, = 7.2 and 5.2 Hz, lH)l,3C NMR chloroform);lH NMR (400 MHz; CDCJ) é 7.19-7.10 (m, 2H),
(100 MHz, CDC}) 5 173.9, 139.2, 135.8, 132.4, 128.1, 126.9,7.04-6.98 (m, 3H), 6.86 (tdl = 7.6, 1.1 Hz, 1H), 6.81-6.74 (m,
125.0, 124.9, 124.8, 124.7, 53.0, 37.2, 33.5, 20.4; IR (film)2H), 6.53 (dJ = 8 Hz, 1H), 3.65 (s, 3H), 3.36 (s, 3H), 3.24 (dd,
3032, 2954, 1719, 1501, 1322, 1257; HRMS (APCI) calcd fo= 9.6 and 7.6 Hz, 1H), 1.98 (dd,= 9.2 and 4.8 Hz, 1H), 1.85
CigH160,F; (M+H)" 321.1097 found 321.1097 (dd, J = 7.2 and 4.8 Hz, 1H)**C NMR (100 MHz, CDCJ) §
174.7, 159.2, 137.0, 131.8, 128.9, 127.9, 127.3, 126.1, 124.1,
shleﬁyl/lcycloprop;rlljczlr?g;)nxﬁgtﬂ @) Tiﬁ;}(“'ﬂ%gzﬁg’)'@s 120.1, 110.5, 55.2, 52.7, 34.3, 32.6, 20.8: IR (film): 3030, 2950,
. - 2835, 1716, 1496, 1242; HRMS (APCI) calcd fogghf;¢0s
prepared by general procedure and obtained as a transparent i +H)* 283.1329 found 283.1329
87% yield for RA(R-DOSP); 71% vyield for RW(SPTAD),; 89% ) ’ '
yield for Rh(R-BNP),; HPLC: (Chiralcel OJ-H, 1%-PrOH in  4.1.8. (1S2R)-methyl 1-(3,4-dichlorophenyl)-2-
hexanes, 1.0 mL/min, 1mg/mL, 30 mih,= 254 nm) retention phenylcyclopropanecarboxylate (3h).  Title compound was
times of 8.62 min (minor) and 12.58 min (major), 88% ee forprepared by general procedure and obtained as a clear oil; 88%
Rh,(R-DOSP); 48% ee for R){SPTAD),; 57% ee for R{(R-  vyield for Rh(R-DOSP); 88% vyield for R(SPTAD),; 82%
BNP); R = 0.56 (4:1 Hexanes:EtOAc);alf%: 4.8 (c. 1, yield for Rh(R-BNP),; HPLC: (Chiralcel OD-H, 1%-PrOH in
chloroform); *H NMR (300 MHz; CDC}) § 7.12-7.06 (m, 5H), hexane, 1 mL/min, 1 mg/mL, 30 mi, = 254 nm) retention
6.95 (d,J = 8.7 Hz, 2H), 6.79-6.76 (m, 2H), 3.67 (s, 3H), 3.12times of 7.54 min (minor) and 9.78 min (major), 82% ee for
(dd,J =9.3 and 7.5 Hz, 1H), 2.15 (ddil= 9.3 and 4.8 Hz, 1H), Rhy(R-DOSP); 60% ee for R}{SPTAD),; 63% ee for R{R-
1.85 (dd,J = 7.2 and 4.8 Hz, 1H}’C NMR (100 MHz, CDG)) 8  BNP),; R = 0.23 (Hexane:EtOAc = 7:1)o] *°%.-8.1° (c = 1.60,
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CHCLy); "H NMR (400 MHz, CDC)): & 7.18-7.16 (m, 2H), 7.14- 4.1.12. (1S2R)-methyl 2-phenyl-1-(3,4,5-
7.10 (m, 3H), 6.82-6.79 (m, 3H), 3.68 (s, 3H), 3.14 @d,9.2, trimethoxyphenyl)cyclopropanecarboxylate (3l). Title compound
7.6 Hz, 1H), 2.15 (dd] = 9.2, 4.8 Hz, 1H), 1.84 (dd,= 7.6, 5.2 was prepared by general procedure and obtained as a yellow oil.
Hz, 1H); *C NMR (100 MHz, CDGJ) & 173.3, 135.3, 135.2, 98% vyield for Ra(R-DOSP); 95% vyield for R&(S-PTAD),; 63%
133.7,131.6, 131.4, 131.2, 129.6, 128.0, 127.9, 126.8, 52.8, 36)3¢eld for Ri(R-BNP),; HPLC: (Chiralcel OD-H, 6%-PrOH in
33.3, 20.2; IR (film): 2925, 1719, 1257, 1163, 695; HRMS (ESlhexane, 1 mL/min, 1 mg/mL, 30 mif, = 254 nm), retention
calcd for G/H130,Cl, (M-H)* 319.0293 found 319.0299. times of 10.78 min (minor) and 11.79 min (minor), 34% ee for
419 (1S2R)-methy 1-(3,4-dimethoxyphenyl)-2- Rh,(R-DOSP); 9% ee for R(SPTAD),; 90% ee for RiR-

. — . . 2 o —
phenylcyclopropanecarboxylate  (3i). Title compound was BNE)“bﬁq)pizHO,\f&eéinge,\tllhglz aéeDt?:jt)e 85 '71%9?[’;0177'(% (§H)
prepared by general procedure and obtained as a white solid. 7 /31:6 78 (n% 2H), 6.16 (s, 2H) '3.76 (s 3|_'|) 3.69 (s éH) 3.59
yield for Rh(R-DOSP); 70% vyield for RWSPTAD), 93% (é 6Hj 307 '(de 92 79 Hz 1|'_|). 214 (dcll - 96 48 Hz
yield for 1 mol% RKR-BNP),; 83% yield for 0.5 mol% Ri(R- 1|_’|) 1 éz'(de =76 52 Hz 1I:|)13C lNI\./IR (10(’) MI—.|z’ C.DCJ)’
BNP),;; 80% vyield for 0.1 mol% RiR-BNP),; 73% yield for . . 2 1o '

: % Rt 5 174.2, 152.3, 136.5, 130.3, 128.0, 127.7, 126.8,41060.7,
0.01 mol% RHR-BNP);; HPLC: (Chiralcel OD-H, 8%-PrOH 55 g '55 6 "37.4 '33.1'20.8: IR (film): 2925, 1716, 1587, 1413,
in hexane, 1 mL/min, 1 mg/mL, 30 mik,= 254 nm) retention

times of 13.99 min (minor) and 17.97 min (major), 56% ee fo 1258, 1235, 1153, 1124; HRMS (ESI) caled fosotGO,

I +
Rh,(RDOSP): 94% ee for RHSPTAD); 97% ee for 1 molgs (M +H) 3451485 found 345.1485.
Rhy(R-BNP),;; 96% ee for 0.5 mol% R{R-BNP),; 91% ee for 4.1.13. (1S2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(m-
0.1 mol% RB(R-BNP),; 40% ee for 0.01 mol% R{R-BNP),;; R;  tolyl)cyclopropanecarboxylate (5a). Prepared by general
= 0.20 (hexane: ethyl acetate 4:1); mp 88-89%"°f +28.4° (¢ procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate
= 1.51, CHC)); '"H NMR (400 MHz, CDCJ) & 7.09-7.07 (m, (118 mg, 0.5 mmol, 1 equiv), 2-methylstyrene (148 mg, 1.25
3H), 6.81-6.79 (m, 2H), 6.69 (m, 2H), 6.36 (s, 1H), 3.81 (s, 3H)mmol, 2.5 equiv), and R{R-BNP), (4 mg, 0.0025 mmol, 0.005
3.68 (s, 3H), 3.56 (s, 3H), 3.08 (d#l= 9.2, 7.6 Hz, 1H), 2.14 equiv). The remaining residue was purified on silica gel eluting
(dd,J = 9.2, 4.4 Hz, 1H), 1.84 (dd, = 7.6, 4.8 Hz, 1H)}*C  with hexanes : ethyl acetate (5:1) to afford a yellow/green oil
NMR (100 MHz, CDC)) & 174.5, 147.8, 136.4, 127.9, 127.7, (114 mg, 76 % yield)R = 0.12 (hexane: ethyl acetate 5:1}f,
127.2, 126.3, 123.9, 115.3, 110.2, 55.5, 52.6, 36.9, 33.1, 20.8; HR28.7° (c = 1.23, CHG); *H NMR (400 MHz, CDCJ) § 7.11 (d,
(film): 2924, 1716, 1518, 1455, 1434, 1413, 1341, 1229, 1208] = 7.6 Hz, 1H), 7.00 () = 7.6 Hz, 1H), 6.83 (] = 7.6 Hz, 1H),
1177; HRMS (ESI) calcd for §H»,0, (M+H)" 313.1440 found 6.63 (m, 2H), 6.42 (d] = 7.6 Hz, 1H), 6.34 (s, 1H), 3.77 (s, 3H),
313.1433. 3.71 (s, 3H), 3.57 (s. 3H), 3.11 (dbiF 9.2, 7.6 Hz, 1H), 2.51 (s,

3H), 2.06 (dd,J = 9.2, 5.0 Hz, 1H), 1.99 (dd, = 7.6, 5.0 Hz,
4.1.10. (IS2R)-methyl - 1-(3-methoxyphenyl)-2- 41y 130 \\MR (100 MHz, CDGJ) 5 174.9, 147.9, 137.8, 134.7,
phenylcyclopropanecarboxylate (3j).  Title compound was

prepared by general procedure and obtained as a yellow oil. 78;!r 9.7,127.8,126.7, 126.0, 125.8, 123.7, 114.7, 110.3, 55.7, 55.6,

o RRDOSF) T e o RRSPTADY 0k | 128 50 12 202 195 I 205, 17, e, 143
yield for Riy(R-BNP),; HPLC: (Chiralcel OD-H, 0.7%-PrOH in ; ) ! ! ! 4

hexane, 1 mL/min, 1 mg/mL, 30 mia, = 254 nm), retention (M+H)* 327.1591 found 327.1591; HPLC: (Chiralcel OD-H, 3%

times of 9.50 min (major) and 11.38 min (minor), 79% ee forI_PrOH in hexane, 1 mL/min, 1 mg/mL, 30 min= 254 nm)

1 in. min, = 254 .
Rh,(R-DOSP); 16% ee for RHSPTAD), 88% ee for RHR- g?g:'%gg;g;lgﬁ/lo gﬁe'r}é:nl'q'iﬁoé?gggéi 31 min (major), 90%
BNP);; R = 0.25 (hexane: ethyl acetate 9:19}*f, +21.1° (c = ' :

1.25, CHCJ); "H NMR (400 MHz, CDC}) § 7.09-7.03 (m, 4H), 4.1.14. (1S2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(p-
6.81-6.79 (m, 2H), 6.69-6.63 (m, 2H), 6.53-6.52, (m, 1H), 3.67olyl)cyclopropanecarboxylate (5b). Prepared by general
(s, 3H), 3.59 (s, 3H), 3.12 (dd~= 9.6, 7.2 Hz, 1H), 2.12 (dd,= procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate

9.2, 4.8 Hz, 1H), 1.87 (dd, = 7.6, 5.2 Hz, 1H)}°C NMR (100 (118 mg, 0.5 mmol, 1 equiv), 4-methylstyrene (148 mg, 1.25
MHz, CDCL) 6 174.2, 158.8, 136.4, 136.2, 128.5, 127.9, 127.7mmol, 2.5 equiv), and R{R-BNP), (4 mg, 0.0025 mmol, 0.005
126.3, 124.4, 117.5, 112.9, 55.0, 52.6, 37.3, 33.1, 20.6; IR (film)equiv). The remaining residue was purified on silica gel eluting
2925, 1717, 1602, 1454, 1239, 697; HRMS (ESI) calcd fomith hexanes : ethyl acetate (5:1) to afford a yellow/green oil
CygH160; (M+H)" 283.1334 found 283.1329. (147 mg, 90% vyield)R =10.12 (hexane: ethyl acetate 5:1}fp
4111 (1S2R)-methy 1-(3,5-dimethoxyphenyl)-2- +27.7° (c = 1.24, CHGJ; "H NMR (400 MHz, CDC}) & 6.88 (d,

. J = 8.0 Hz, 2H), 6.69-6.67 (m, 4H), 6.37 (s, 1H), 3.81 (s, 3H),
phenyleyclopropanecarboxylate (3k). - Title compound Was = 4 67 (¢ 31y 357 (s, 3H), 3.05 (dHi 9.2, 7.6 Hz, 1H), 2.22 (s,
prepared by general procedure and obtained as a yellow oil. 85{

yield for Rh(R-DOSP); 85% vyield for RASPTAD),; 69% 1ﬁ;i %éll,“ﬁg'ilzg ',\ZA’H“Z'8CF[')Z®1E')i71487O (ﬂg‘; 71'§'6 ?)'81;'3?5
yield for R (R-BNP),; HPLC: (Chiralcel OD-H, 6%-PrOH in ' ' o - o ) Y

hexane. 1 mL/min. 1 ma/mL. 30 mia. = 254 nm) retention 128.6, 128.0, 127.6, 124.1, 115.5, 110.3, 55.7, 55.6, 52.7, 36.9,
. ' ! ng ' - . ) o 33.1, 21.0, 20.9; IR (film): 2951, 1714, 1589, 1516, 1435, 1413,
times of 7.33 min (major) and 9.07 min (minor), 28% ee for1341’ 1315, 1250, 1228, 1155, 1027; HRMS (APCI) calcd for
R(R-DOSP); 3% ee for RASPTAD); 92% ee for RER- o ' " (\vyy* 327.1501 found 327.159HPLC: (Chiralcel

. — B . 2 o — 201 1234 . - [ .
BNP); R = (1)'31 (hexane: ethyl acetate 5:1d] fD +33.7° (c = OD-H, 3%i-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 minz
ééz C(;C\%)’_ ?2’\“\33 (:OOZ'X:HZé 55%12647&0_71%8 (?1§Hé 254 nm) retention times of 17.3 min (minor) and 20.1 min
-82 (dd,J = 7.2, 2.4 Hz, 2H), 6.24 (0=2.4 Hz, 1H), 6.15 (d, \0i5) "889% ee for RER-BNP), 67% ee for RR-DOSP).
J=2.4 Hz, 2H), 3.68 (s, 3H), 3.56 (s, 6H), 3.08 (dd&; 9.2, 7.2

Hz, 1H), 2.10 (ddJ = 9.2, 4.8 Hz, 1H), 1.84 (dd,= 7.2, 4.8 Hz, 4.1.15. (1S2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(4-

1H); *C NMR (100 MHz, CDCJ) 5 174.4, 160.1, 137.2, 136.6, methoxyphenyl)cyclopropanecarboxylate (5c). Prepared by
128.2, 128.0, 126.6, 110.4, 99.8, 55.4, 52.9, 37.7, 33.3, 20.9; |§eneral procedure with methyl 2-diazo-2-(3,4-
(film): 2951, 2840, 1715, 1594, 1456, 1425, 1260, 1203, 1151dimethoxyphenyl)acetate (118 mg, 0.5 mmol, 1 equiv), 4-
1046, 715, 692; HRMS (APCI) calcd for, @0, (M+H)" methoxystyrene (168 mg, 1.25 mmol, 2.5 equiv), and(Rh
313.1434 found 313.1435. BNP), (4 mg, 0.0025 mmol, 0.005 equiv. The remaining residue
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was purified on silica gel eluting with hexanes : ethyl acetatafford clear oil (123 mg, 89% yieldl = 0.30 (hexane: ethyl
(5:1) to afford an off-white solid (137 mg, 80% vyiel®.= 0.20  acetate 3:1):d]*, +13.4° (c = 1.2, CHG); 'H NMR (400 MHz,
(hexane: ethyl acetate 3:1); mp 123-425[0]*, +33.1° (c = 1.4, CDCl) & 7.04 (d,J = 8.4 Hz, 2H), 6.72-6.63 (m, 4H), 6.38 (@,
CHCly); *H NMR (400 MHz, CDCJ) & 6.73-6.61 (m, 6H), 6.41 = 1.6 Hz, 1H), 3.81 (s, 3H), 3.67 (s. 3H), 3.61 (s, 3H), 3.04Jdd,
(s, 1H), 3.81 (s, 3H), 3.70 (s, 3H), 3.67 (s, 3H), 3.60 (s, 3H), 3.08 9.2, 7.2 Hz, 1H), 2.13 (dd,= 9.2, 4.8 Hz, 1H), 1.78 (dd,=
(dd,J = 9.2, 7.6 Hz, 1H), 2.10 (dd,= 9.2, 4.8 Hz, 1H), 1.76 (dd, 7.2, 4.8 Hz, 1H);°C NMR (100 MHz, CDG)) § 174.4, 148.2,
J = 7.6, 4.8 Hz, 1H)}*C NMR (100 MHz, CDGJ)) § 175.1, 148.2, 135.4, 132.3, 129.4, 128.0, 127.0, 124.2, 115.4, 110.5,
158.6, 148.3, 129.5, 128.9, 127.9, 124.6, 115.9, 113.7, 110.85.9, 55.8, 52.8, 37.2, 32.6, 21.2; IR (film): 2951, 1715, 1589,
56.1, 55.6, 53.1, 37.1, 33.2, 21.3; IR (film): 2952, 1714, 16111517, 1496, 1435, 1413, 1371, 1341, 1307, 1228,1177, 1155,
1589, 1515, 1463, 1437, 1413, 1341, 1248, 1228, 1177, 1153139; HRMS (APCI) calcd for gH,sClIO, (M+H)" 346.09664
HRMS (APCI) caled for GH,,05 (M+H)" 342.14618 found found 346.09632;HPLC: (Chiralcel OD-H, 5%i-PrOH in
342.14589;HPLC: (Chiralcel OD-H, 5%-PrOH in hexane, 1 hexane, 1 mL/min, 1 mg/mL, 30 mif, = 254 nm) retention
mL/min, 1 mg/mL, 30 minA = 254 nm) retention times of 19.2 times of 14.9 min (minor) and 18.5 min (major), 89% ee for
min (minor) and 22.9 min (major), 90% ee for KRBNP),, Rh,(R-BNP),, 67% ee for R{{R-DOSP).

62% ee for R{R-DOSP). 4.1.19. (1S2R)-methyl 2-(34-dichlorophenyl)-1-(3,4-
4.1.16. (1S2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(4- di methoxyphenyl)cycl opr opanecarboxylate (5g). Methyl 2-diazo-
nitrophenyl)cyclopropanecarboxylate (5d). Prepared by general 2-(3,4-dimethoxyphenyl)acetate (2.7g, 11.6 mmol, 1 equiv) in
procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetatd53 mL dry and degassed toluene was added by syringe pump
(118 mg, 0.5 mmol, 1 equiv), 4-nitrostyrene (186 mg, 1.25 mmolover 2 h to a solution of 1,2-dichloro-4-vinylbenzene (2.4 g, 13.9
2.5 equiv), and RR-BNP), (4 mg, 0.0025 mmol, 0.005 equiv). mmol, 1.2 equiv) and R{R-BNP), (92.2 mg, 0.06 mmol, 0.005
The remaining residue was purified on silica gel eluting withequiv) in 77 mL toluene. After addition, the solution was
hexanes : ethyl acetate (5:1) to afford yellow oil (168 mg, 94%allowed to stir overnight and toluene was remoiwedacuo. The
yield). R = 0.28 (hexane: ethyl acetate 3:19]°f, +15.5° (c = remaining residue was purified on silica gel (hexane:ethyl acetate
1.07, CHCY); 'H NMR (400 MHz, CDCJ)  7.94 (d,J= 8.8 Hz, 5:1) to afford a clear oil (3.2 g, 72% yield for JRR-BNP),

2H), 6.92 (dJ = 8.8 Hz, 2H), 6.67 (d] = 8.2 Hz, 1H), 6.61 (dd, [enantiomer shown above]; 2.3g, 52% yield fo,(&BNP),) R
J=8.2, 2.0 Hz, 1H), 6.43 (d,= 2.0 Hz,, 1H), 3.81 (s, 3H), 3.69 = 0.17 (hexane: ethyl acetate 5: 0}, +4.1° (c = 1.03, CHG)

(s, 3H), 3.62 (s, 3H), 3.16 (dd= 9.2, 7.6 Hz, 1H), 2.22 (dd,=  for Rh,(R-BNP),.[0]*5-6.9° (c = 1.05, CHG) for Rh,(S-BNP);;

9.2, 5.4 Hz, 1H), 1.91 (dd}, = 7.6, 5.4 Hz, 1H)**C NMR (100 *H NMR (600 MHz, CDCJ) § 7.10 (d,J = 9.0 Hz, 1H), 7.01 (d

MHz, CDCL) 6 173.9, 148.5, 145.1, 128.7, 126.2, 124.2, 123.07 2.4 Hz, 1H), 6.69 (d] = 9.0 Hz, 1H), 6.63 (dd} = 9.0, 2.4 Hz,
115.0, 110.6, 55.9, 55.8, 53.0, 38.4, 32.6, 29.8, 21.8; IR (film)1H), 6.51 (dd,J = 9.0, 2.4 Hz, 1H), 6.44 (d,= 1.8 Hz, 1H), 3.82
2924, 1717, 1597, 1515, 1463, 1415, 1342, 1229, 1206, 1156, 3H), 3.67 (s, 3H), 3.66 (s, 3H), 3.02 (d& 9.0, 7.2 Hz, 1H),
1141; HRMS (APCI) calcd for GH,0ON; (M+H)" 358.12851  2.13(dd,J = 9.0, 5.1 Hz, 1H), 1.78 (dd,= 7.2, 5.1 Hz, 1H)**C
found 358.12836; HPLC: (Chiralcel OD-H, 6%PrOH in  NMR (100 MHz, CDC}) & 174.1, 148.4, 148.3, 137.4, 131.9,
hexane, 1 mL/min, 1 mg/mL, 60 min, = 254 nm) retention 130.5, 130.4, 129.7, 127.0, 126.6, 124.2, 115.2, 110.6, 55.9, 55.8,
times of 30.4 min (minor) and 41.0 min (major), 80% ee for52.9, 37.4, 32.1, 21.1; IR (film): 2951, 2836, 1716, 1559, 1516,
Rhy(R-BNP),;, 50% ee for Ri{R-DOSP). 1413, 1229, 1178, 1137, 1027, 764; HRMS (APCI) calcd for

) CioH1CLO, (M+H)" 381.2498 found 381.2498; HPLC:
4.1.17. (152R)-methy 1-(3,4-dimethoxyphenyl)-2-(4- (Chiralcel OD-H, 5%-PrOH in hexane, 1 mL/min, 1 mg/mL, 30
trifluoromethyl)pheryl)cyclopropanecarboxylate (Se). - Prepared min, A = 254 nm) retention times of 15.4 min (minor) andol
by general procedure with methyl 2-diazo-2-(3,4- . '° y

; ) min (major), 86% ee for R{R-BNP),; retention times of 15.3
dimethoxyphenyl)acetate (118 mg, 0.5 mmol, 1 equiv), styreng . ; ; . o o
(215 mg, 1.25 mmol, 2.5 equiv), and FRBNP), (4 mg, 0.0025 E‘;’}éf‘sé‘zg_ggdsgj min (minor) 85% ee for,tBNP), 48%
mmol, 0.005 equiv). The remaining residue was purified on ’
silica gel eluting with hexanes : ethyl acetate (6:1) to afford
yellow oil (171 mg, 90% vyield)R = 0.24 (hexane: ethyl acetate
4:1); [4]*% +16.5° (c = 1.6, CHG); 'H NMR (400 MHz, CDCJ)
87.33(d,J= 8.2 Hz, 2H), 6.88 (d] = 8.2 Hz, 2H), 6.70-6.65 (m,
2H), 6.35 (s, 1H), 3.81 (s, 3H), 3.68 (s, 3H), 3.56 (s, 3H), 3.11 (
1H), 3.12 (dd,J = 9.2, 7.2 Hz, 1H), 2.18 (dd, = 9.2, 4.8 Hz,
1H), 1.85 (dd,) = 7.2, 4.8 Hz, 1H)**C NMR (100 MHz, CDGJ)
i2147g511154g711(1)4§ 656114 1532123%70 %3%70021274?;‘%%;?%95 4 Detailed experimental for the compounds, HPLC traces for all

1718, 1517, 1465, 1437, 1414, 1324, 1252, 1230, 1210, 119501ral compounds,H NMR and**C NMR spectra for all new
HRMS (APCI) calcd for GHgm0, (M+H)* 380.12300 found compounds are described in Supplementary data. Supplementary

380.12251;HPLC: (Chiralcel OD-H, 6%-PrOH in hexane, 1 data associated with this article can be found in the online
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mL/min, 1 mg/mL, 30 minA = 254 nm) retention times of 12.6 version.

min (minor) and 15.6 min (major), 90% ee for JARBNP),,
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General  All reactions were conducted under anhydrous conditions in oven-dried glassware
under an inert atmosphere of dry argon, unless otherwise stated. Hexanes, pentane, and toluene
were dried by a solvent purification system (passed through activated alumina columns). All
solvents were degassed by bubbling argon through the solvent for a minimum of 10 minutes
prior to use. Unless otherwise noted, all other reagents were obtained from commercial sources
and used as receivedH Nuclear Magnetic Resonance (NMR) spectra were recorded at 400
MHz or 600MHz. Data presented as follows: chemical shift (in ppm on the & scale relative to 6H
7.27 for the residual protons in CD¥I coupling constant (J/Hz), integration. Coupling
constants were taken directly from the spectra and are uncorret®@dNMR spectra were
recorded at 100 MHz and all chemical shift values are reported in ppm érstade, with an

internal reference odC 77.23 for CDG. Mass spectral determinations were carried out by
using APCI as ionization source. Melting points are uncorrected. Infrared spectral data are
reported in units of cth Analytical TLC was performed on silica gel plates using UV light.
Flash column chromatography was performed on silica gel 60A (230-400 mesh). Optical
rotations were measured on Jasco polarimeters. Analytical enantioselective chromatographies
were measured on Varian Prostar instrument and used isopropanol:hexane as gradient. Chiral
HPLC conditions were determined by obtaining separation of the racemic produg/SRh
DOSP) was employed as the catalyst in the racemic reactions. Sty@emed substituted
styrenes 4a-f) were commercially available and purified by pushing through a silica-filled
pipette prior to use. R{R-DOSP),' Rh(S-PTAD),? Rh(R-BNP),? aryldiazoacetatesa-l,*

and styrene 4gwere all synthesized according published procedures.

General Procedure for the Synthesis of Methyl Phenyldiazoacetafes

The methyl arylacetate (1 equiv.) gnd\BSA (1.3 equiv.) were dissolved in acetonitrile
and cooled to 0 °C using an ice bath under an argon atmosphere. 1,8-Diazabicycloundec-7-ene
(DBU, 1.3 equiv.) was then added to the stirring mixture over the course of 5 minutes. After the
addition of the DBU, the reaction mixture continued to stir at 0 °C for an additional 15 minutes.
Once this allotted time had passed, the ice bath was removed and the reaction mixture was stirred
for 24 hours at room temperature. The resulting orange solution was quenched with saturated
NH,4CI and the aqueous layer was extracted with diethyl ether (3x). The organic layer was then

washed with deionized 4@ to remove any residual salts. The combined organic layers were



dried over MgS@and filtered. The organic layer was then concentrated under reduced pressure.

The residue was purified via flash chromatography on silica gel (10:1 Hexanes:EtOAc).

General Procedure for the Synthesis of Methyl Phenylcyclopropanecarboxylates with
Rhy(R-DOSP),

In a 25-mL round bottom flask (Flask A) equipped with a magnetic stir bar, styrene (5
equiv.) and RER-DOSP), (0.01 equiv.) were dissolved in dry, degassed pentane (3 mL). The
reaction mixture was then degassed using vacuum/argon cycles (x3). In a separate 25-mL round
bottom flask (Flask B), the methyl phenyldiazoacetate (0.5 mmol, 1 equiv.) was dissolved in dry,
degassed pentane (5 mL) and degassed using vacuum/argon cycles (x3). The contents in Flask B
were then added to Flask A using a syringe pump for the duration of 1 hour. After the addition,
the reaction mixture continued to stir for 1 additional hour. Once the allotted time had passed,
the reaction mixture was concentrated under reduced pressure and purified using silica gel

column chromatography (increasing gradient starting at 10:1 Hexanes:EtOACc).

General Procedure for the Synthesis of Methyl Phenylcyclopropanecarboxylates with
Rhy(S-PTAD),

In a 25-mL round bottom flask (Flask A) equipped with a magnetic stir bar, styrene (5
equiv.) and R(S-PTAD), (0.005 equiv.) were dissolved in dry, degassed pentane (3 mL). The
reaction mixture was then degassed using vacuum/argon cycles (x3). In a separate 25-mL round
bottom flask (Flask B), the methyl phenyldiazoacetate (0.5 mmol, 1 equiv.) was dissolved in dry,
degassed pentane (5 mL) and degassed using vacuum/argon cycles (x3). The contents in Flask B
were then added to Flask A using a syringe pump for the duration of 1 hour. After the addition,
the reaction mixture continued to stir for 1 additional hour. Once the allotted time had passed,
the reaction mixture was concentrated under reduced pressure and purified using silica gel

column chromatography (increasing gradient starting at 10:1 Hexanes:EtOAC).

General Procedure for the Synthesis of Methyl Phenylcyclopropanecarboxylates with
Rh(R-BNP),
In a 25-mL round bottom flask (Flask A) equipped with a magnetic stir bar, styrene (5

equiv.) and RK(R-BNP), (0.01 equiv.) were dissolved in dry, degassed toluene (3 mL). The

S-3



reaction mixture was then degassed using vacuum/argon cycles (x3). In a separate 25-mL round
bottom flask (Flask B), the methyl phenyldiazoacetate (0.5 mmol, 1 equiv.) was dissolved in dry,
degassed pentane (5 mL) and degassed using vacuum/argon cycles (x3). The contents in Flask B
were then added to Flask A using a syringe pump for the duration of 1 hour. After the addition,
the reaction mixture continued to stir for 1 additional hour. Once the allotted time had passed,
the reaction mixture was concentrated under reduced pressure and purified using silica gel

column chromatography (increasing gradient starting at 10:1 Hexanes:EtOACc).

A ‘\\COQMe

(1R,25)-methyl 1,2-diphenylcyclopropanecarboxylate (3a): Title compound was prepared by
general procedure and obtained as a white solid. 85% vyield {ORBRIOSP); 87% vyield for
Rhy(SPTAD)s; 72% vyield for RB(R-BNP),; HPLC: (Chiralcel SS-WHELK, 1%-PrOH in
hexane, 1.0 mL/min, 1 mg/mL, 30 mikh,= 254 nm) retention times of 8.62 min (major) and
10.22 min (minor), 88% ee for RR-DOSP); 21% ee for RS PTAD),; 42% ee for Ri(R-
BNP);; R = 0.25 (hexane: ethyl acetate 10*5:NMR (600 MHz, CDC}) § 7.12-7.11 (m, 3H),
7.05-7.01 (m, 5H), 6.77-6.75 (m, 2H), 3.70 (s, 3H), 3.11 Jdd 7.2, 9.3, 1H), 2.13 (dd,J 4.8,
9.3, 1H), 1.88 (ddJ = 4.8, 7.2, 1H)**C NMR (100 MHz, CDGCJ) 6 174.5, 136.5, 134.9, 132.1,
128.2,127.9, 127.2, 126.5, 52.8, 37.6, 33.3, 20.7; Data are consistent with the litrature.

A\ COMe
‘ 3b ‘

(1S,2R)-methyl 2-phenyl-1-p-tolyl)cyclopropanecarboxylate (3b): Title compound was
prepared by general procedure and obtained as a white solid. 84% yield(RHDRISP); 77%
yield for Rh(SPTAD)s;; 69% vyield for RB(R-BNP),; HPLC: (Chiralcel SS-WHELK, 1%-
PrOH in hexane, 1.0 mL/min, 1 mg/mL, 30 min= 254 nm) retention times of 10.57 min
(major) and 14.13 min (minor), 87% ee for DOSP),; 46% ee for RH(SPTAD),; 51% ee

for Rp(R-BNP); R = 0.44 (4:1 Hexanes:EtOAC)uf: *17.2° (c. 1, chloroform)*H NMR
(400 MHz; CDC}) 6 7.11-7.07 (m, 3H), 6.98-6.92 (m, 4H), 6.82-6.80 2id), 3.69 (s, 3H), 3.12
(dd,J =9.2 and 7.2 Hz, 1H), 2.27 (s, 3H), 2.16 (dd&; 9.6 and 4.8 Hz, 1H), 1.88 (ddl= 7.2
and 4.8 Hz, 1H)'*C NMR (100 MHz, CDGJ) & 174.8, 136.8, 136.7, 131.9, 131.8, 128.7, 128.3,
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127.9, 126.5, 52.9, 37.3, 33.4, 21.4, 20.9; IR (film): 3028, 2950, 1716, 1255; HRMS (APCI)
calcd for GgH190, (M+H)" 267.13796 found 267.13797.

A\ COMe
‘ 3c ‘ CFs4

(1S,2R)-methyl 2-phenyl-1-(4-(trifluoromethyl)phenyl)cyclopropanecarboxylate (3c): Title
compound was prepared by general procedure and obtained as a transparent oil. 93% yield for
Rhp(R-DOSP); 67% yield for RB(SPTAD)s; 80% yield for Ra(R-BNP),; HPLC: (Chiralcel

OD-H, 0.5%i-PrOH in hexanes, 1.0 mL/min, Img/mL, 30 mins 254 nm) retention times of

8.27 min (minor) and 10.34 min (major), 87% ee fopRDOSP); 77% ee for R{SPTAD),;

57% ee for RER-BNP); R = 0.44 (4:1 Hexanes:EtOAC)u)f%: 19.1 (c. 1, chloroform)*H

NMR (400 MHz; CDC}) 6 7.36 (d,J = 8 Hz, 2H), 7.12 (d) = 8 Hz, 2H), 7.06 (m, 3H), 6.74 (m,

2H), 3.66 (s, 3H), 3.14 (dd,= 9.6 and 7.6 Hz, 1H), 2.17 (d#i= 9.2 and 5.2 Hz, 1H), 1.88 (dd,
J=7.2 and 5.2 Hz, 1H}?C NMR (100 MHz, CDGJ) § 173.9, 139.2, 135.8, 132.4, 128.1, 126.9,
125.0, 124.9, 124.8, 124.7, 53.0, 37.2, 33.5, 20.4; IR (film): 3032, 2954, 1719, 1501, 1322, 1257,
HRMS (APCI) calcd for GgH160,F3 (M+H)* 321.10969 found 321.10970.

‘ .\\COQMe
I 3d I Cl

(1S,2R)-methyl 1-(4-chlorophenyl)-2-phenylcyclopropanecarboxylate (3d)Title compound
was prepared by general procedure and obtained as a transparent oil. 87% vyielf{Ror Rh
DOSP); 71% yield for RB(SPTAD)s; 89% yield for RB(R-BNP),;; HPLC: (Chiralcel OJ-H, 1%
i-PrOH in hexanes, 1.0 mL/min, Img/mL, 30 minz 254 nm) retention times of 8.62 min
(minor) and 12.58 min (major), 88% ee for,@DOSP); 48% ee for RS PTAD)s; 57% ee

for Rip(R-BNP);; Rr= 0.56 (4:1 Hexanes:EtOAc)JF%: 4.8 (c. 1, chloroform)*H NMR (300
MHz; CDCL) 8 7.12-7.06 (m, 5H), 6.95 (d, = 8.7 Hz, 2H), 6.79-6.76 (m, 2H), 3.67 (s, 3H),
3.12 (dd, = 9.3 and 7.5 Hz, 1H), 2.15 (dd=X®.3 and 4.8 Hz, 1H), 1.85 (dd=J7.2 and 4.8 Hz,
1H); *C NMR (100 MHz, CDGJ) & 174.1, 136.1, 133.7, 133.4, 133.2, 128.3, 128.8,112
126.8, 52.9, 36.9, 33.4, 20.6; IR (film): 3031, 2951, 1717, 1493, 1255; HRMS (APCI) calcd for
C17H160:Cl (M+H)" 287.08333 found 287.08329.
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‘ LO,Me
I 3e I OMe

(1S,2R)-methyl  1-(4-methoxyphenyl)-2-phenylcyclopropanecarboxylate  (3e): Title
compound was prepared by general procedure and obtained as a white solid. 66% yield for
Rhp(R-DOSP); 93% vyield for RA(SPTAD)s; 84% yield for RR(R-BNP),; HPLC: (Chiralcel
OD-H, 0.7%i-PrOH in hexanes, 1.0 mL/min, 1mg/mL, 30 mins 254 nm) retention times of
11.97 min (major) and 17.71 min (minor), 90% ee forR(RIDOSP); 96% ee for RS
PTAD)s;, 57% ee for RER-BNP); R = 0.39 (4:1 Hexanes:EtOAc)pf% = 5.1° (c = 1,
chloroform);*H NMR (400 MHz; CDC}) & 7.10-7.07 (m, 3H), 6.95 (d,= 8.8 Hz, 2H), 6.80-
6.77 (m, 2H), 6.68 (d) = 8.8 Hz, 2H), 3.74 (s, 3H), 3.68 (s, 3H), 3.09 (@, 9.2 and 7.6 Hz,
1H), 2.14 (ddJ = 9.2 and 4.8 Hz, 1H), 1.84 (d#i= 7.2 and 4.8 Hz, 1H}*C NMR (100 MHz,
CDCls) 6 174.9, 158.6, 136.7, 133.1, 128.3, 127.9, 127.6,512113.4, 55.3, 52.8, 36.9, 33.4,
21.0; IR (film): 3031, 2951, 2836, 1715, 1515, 1245; HRMS (APCI) calcd fgt:§05 (M+H)*
283.13287 found 283.13284.

A ~\\COQMe
0O

3f
(1S,2R)-methyl 1-(2-chlorophenyl)-2-phenylcyclopropanecarboxylate (3f)Title compound

was prepared by general procedure and obtained as a transparent oil. 89% yielg{Ror Rh
DOSP); 80% vyield for RR(SPTAD)s; 78% yield for RB(R-BNP); HPLC: (Chiralcel OJ-H,
0.5%i-PrOH in hexanes, 1.0 mL/min, Img/mL, 30 minF 254 nm) retention times of 11.47

min (major) and 15.27 min (major), 92% ee for,ADOSP); 97% ee for RHS-PTAD),; 51%

ee for RA(R-BNP); R = 0.43 (4:1 Hexanes:EtOAC)yJF%: 61.8 (c. 1, chloroform)*H NMR

(300 MHz; CDC¥) 6 7.18-7.02 (m, 7H), 6.84-6.76 (m, 2H), 3.68 (s, 3813 (t,J = 8.7 Hz,

1H), 2.10 (m, 1H), 1.91 (dd] = 7.2 and 5.1 Hz, 1H)**C NMR (100 MHz, CDGCJ) & 173.6,

137.5, 133.5, 129.6, 128.9, 128.2, 127.6, 126.6, 126.4, 52.9, 33.5, 29.9, 21.7; IR (film): 3031,
2950, 1718, 1251, 694; HRMS (APCI) calcd forAd60.Cl (M+H)" 287.08333 found
287.08334.
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‘ ‘\\COQMe
I MeO l

39
(1S,2R)-methyl  1-(2-methoxyphenyl)-2-phenylcyclopropanecarboxylate  (3g): Title
compound was prepared by general procedure and obtained as a white solid. 92% yield for
Rhp(R-DOSPY); 87% yield for RA(SPTAD)s; 69% yield for RB(R-BNP); HPLC: (SS-WHELK
column, 1%i-PrOH in hexanes, 1.0 mL/min, 1mg/mL, 30 niins 254 nm) retention times of
11.65 min (minor) and 14.00 min (major), 86% ee forR(RFIDOSP); 80% ee for RS
PTAD);; 27% ee for RHR-BNP); R = 0.45 (4:1 Hexanes:EtOAc)u]f’: *133.3° (c. 1,
chloroform);*H NMR (400 MHz; CDC})  7.19-7.10 (m, 2H), 7.04-6.98 (m, 3H), 6.86 (s
7.6, 1.1 Hz, 1H), 6.81-6.74 (m, 2H), 6.53 J&; 8 Hz, 1H), 3.65 (s, 3H), 3.36 (s, 3H), 3.24 (dd,
= 9.6 and 7.6 Hz, 1H), 1.98 (ddi= 9.2 and 4.8 Hz, 1H), 1.85 (d#i= 7.2 and 4.8 Hz, 1H)’C
NMR (100 MHz, CDC}) 6 174.7, 159.2, 137.0, 131.8, 128.9, 127.9, 127.8,11224.1, 120.1,
110.5, 55.2, 52.7, 34.3, 32.6, 20.8; IR (film): 3030, 2950, 2835, 1716, 1496, 1242; HRMS
(APCI) calcd for GgH1d03 (M+H)™ 283.13287 found 283.13290.

LO,Me
C'
Cl

3h
(1S,2R)-methyl  1-(3,4-dichlorophenyl)-2-phenylcyclopropanecarboxylate  (3h):  Title
compound was prepared by general procedure and obtained as a clear oil; 88% yiel(Rfor Rh
DOSP); 88% vyield for RB(SPTAD)s; 82% vyield for RB(R-BNP); HPLC: (Chiralcel OD-H,

1% i-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 min= 254 nm) retention times of 7.54 min
(minor) and 9.78 min (major), 82% ee for JARDOSP); 60% ee for RYS-PTAD)4; 63% ee

for R(R-BNP); R = 0.23 (Hexane:EtOAc = 7:1)¢] *%. -8.1° (¢ = 1.60, CHGJ); *H NMR

(400 MHz, CDC}): 6 7.18-7.16 (m, 2H), 7.14-7.10 (m, 3H), 6.82-6.79 @H), 3.68 (s, 3H),

3.14 (ddJ = 9.2, 7.6 Hz, 1H), 2.15 (dd,59.2, 4.8 Hz, 1H), 1.84 (dd,37.6, 5.2 Hz, 1H)**C

NMR (100 MHz, CDC}) 6 173.3, 135.3, 135.2, 133.7, 131.6, 131.4, 131.9,61228.0, 127.9,
126.8, 52.8, 36.3, 33.3, 20.2; IR (film): 2925, 1719, 1257, 1163, 695; HRMS (ESI) calcd for
C17H130,Cl, (M-H)" 319.02927 found 319.02985.
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A\.CO:Me oM
7, U,
(1S,2R)-methyl  1-(3,4-dimethoxyphenyl)-2-phenylcyclopropanecarboxylate  (3i): Title
compound was prepared by general procedure and obtained as a white solid. 74% vyield for
Rh(R-DOSPY); 70% vyield for RR(SPTAD)s; 93% vyield for 1 mol% RiR-BNP); 83% yield

for 0.5 mol% RB(R-BNP),;; 80% yield for 0.1 mol% RIR-BNP); 73% yield for 0.01 mol%
Rhy(R-BNP),; HPLC: (Chiralcel OD-H, 6%-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 minz

254 nm) retention times of 13.99 min (minor) and 17.97 min (major), 56% ee {{R-ROSP),;

94% ee for R(SPTAD),; 97% ee for 1 mol% RAR-BNP); 96% ee for 0.5 mol% R{R-

BNP); 91% ee for 0.1 mol% R{R-BNP); 40% ee for 0.01 mol% R{R-BNP); R = 0.20
(hexane: ethyl acetate 4:1); mp 88-89°°}, +28.4° (c = 1.51, CHG); *H NMR (400 MHz,

CDCl) 6 7.09-7.07 (m, 3H), 6.81-6.79 (m, 2H), 6.69 (m, 26186 (s, 1H), 3.81 (s, 3H), 3.68 (s,

3H), 3.56 (s, 3H), 3.08 (dd,= 9.2, 7.6 Hz, 1H), 2.14 (dd,= 9.2, 4.4 Hz, 1H), 1.84 (dd,= 7.6,

4.8 Hz, 1H);"*C NMR (100 MHz, CDGJ) & 174.5, 147.8, 136.4, 127.9, 127.7, 127.2, 126.3,
123.9, 115.3, 110.2, 55.5, 52.6, 36.9, 33.1, 20.8; IR (film): 2924, 1716, 1518, 1455, 1434, 1413,
1341, 1229, 1208, 1177; HRMS (ESI) calcd fqsH:04 (M+H)* 313.14398 found 313.14332.

CO,Me
I OMe
3

(1S,2R)-methyl  1-(3-methoxyphenyl)-2-phenylcyclopropanecarboxylate  (3)): Title
compound was prepared by general procedure and obtained as a yellow oil. 78% yiejRor Rh
DOSP); 72% yield for RB(SPTAD)s; 82% vyield for RB(R-BNP); HPLC: (Chiralcel OD-H,
0.7%i-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 minz 254 nm), retention times of 9.50 min
(major) and 11.38 min (minor), 79% ee for DOSP),; 16% ee for R(SPTAD),; 88% ee

for Rip(R-BNP); R = 0.25 (hexane: ethyl acetate 9:b)}*fp +21.1° (c = 1.25, CHG); *H NMR
(400 MHz, CDC}) 6 7.09-7.03 (m, 4H), 6.81-6.79 (m, 2H), 6.69-6.63 @Hl), 6.53-6.52, (m,
1H), 3.67 (s, 3H), 3.59 (s, 3H), 3.12 (dds 9.6, 7.2 Hz, 1H), 2.12 (dd,99.2, 4.8 Hz, 1H), 1.87
(dd, J = 7.6, 5.2 Hz, 1H)*C NMR (100 MHz, CDGJ) & 174.2, 158.8, 136.4, 136.2, 128.5,
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127.9, 127.7, 126.3, 124.4, 117.5, 112.9, 55.0, 52.6, 37.3, 33.1, 20.6; IR (film): 2925, 1717,
1602, 1454, 1239, 697; HRMS (ESI) calcd fqgid; O3 (M+H)* 283.13344 found 283.13288.

\Cone
® R o
3k

OMe
(1S,2R)-methyl 1-(3,5-dimethoxyphenyl)-2-phenylcyclopropanecarboxylate (3k): Title
compound was prepared by general procedure and obtained as a yellow oil. 85% yiejRor Rh
DOSP); 85% yield for RB(SPTAD)s; 69% vyield for RB(R-BNP); HPLC: (Chiralcel OD-H,

6% i-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 min= 254 nm) retention times of 7.33 min
(major) and 9.07 min (minor), 28% ee for ARDOSP); 3% ee for RS PTAD)4; 92% ee for
Rhy(R-BNP);; R = 0.31 (hexane: ethyl acetate 5:19}*f +33.7° (c = 1.1, CHGJ; *H NMR

(400 MHz, CDC}) 6 7.10-7.08 (m, 3H), 6.82 (dd,= 7.2, 2.4 Hz, 2H), 6.24 (§=2.4 Hz, 1H),

6.15 (d,J=2.4 Hz, 2H), 3.68 (s, 3H), 3.56 (s, 6H), 3.08 (di¢; 9.2, 7.2 Hz, 1H), 2.10 (dd,=

9.2, 4.8 Hz, 1H), 1.84 (dd, = 7.2, 4.8 Hz, 1H)}*C NMR (100 MHz, CDGCJ) & 174.4, 160.1,

137.2, 136.6, 128.2, 128.0, 126.6, 110.4, 99.8, 55.4, 52.9, 37.7, 33.3, 20.9; IR (film): 2951, 2840,
1715, 1594, 1456, 1425, 1260, 1203, 1151, 1046, 715, 692; HRMS (APCI) calcgHpiCy
(M+H)* 313.14344 found 313.14348.

A\ CO2Me oMe
OMe

(1S,2R)-methyl 2-phenyl-1-(3,4,5-trimethoxyphenyl)cyclopropanecarboxylate (3l): Title
compound was prepared by general procedure and obtained as a yellow oil. 98% yiejRor Rh
DOSP); 95% vyield for RB(SPTAD)s; 63% vyield for RB(R-BNP); HPLC: (Chiralcel OD-H,
6% i-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 minF 254 nm), retention times of 10.78 min
(minor) and 11.79 min (minor), 34% ee for FRDOSP); 9% ee for R(SPTAD); 90% ee
for R(R-BNP),; R = 0.20 (hexane: ethyl acetate 5:1)*fp +17.5° (c = 2.02, CHG); *H NMR
(400 MHz, CDCY) 6 7.09-7.07 (m, 3H), 6.81-6.78 (m, 2H), 6.16 (s, 2Bi)6 (s, 3H), 3.69 (s,
3H), 3.59 (s, 6H), 3.07 (dd,= 9.2, 7.2 Hz, 1H); 2.14 (dd,= 9.6, 4.8 Hz, 1H), 1.82 (dd,= 7.6,
5.2 Hz, 1H);"*C NMR (100 MHz, CDGJ) § 174.2, 152.3, 136.5, 130.3, 128.0, 127.7, 126.4,

S-9



109.4, 60.7, 55.9, 52.6, 37.4, 33.1 20.8; IR (film): 2925, 1716, 1587, 1413, 1258, 1235, 1153,
1124; HRMS (ESI) calcd for £H2304 (M+H)" 345.14852 found 345.14853.

N LoMe
(L,
5a
(1S,2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(-tolyl)cyclopropanecarboxylate (5a):Prepared
by general procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate (118 mg, 0.5 mmol, 1
equiv), 2-methylstyrene (148 mg, 1.25 mmol, 2.5 equiv), angRRBNP), (4 mg, 0.0025 mmol,
0.005 equiv). The remaining residue was purified on silica gel eluting with hexanes : ethyl
acetate (5:1) to afford a yellow/green oil (114 mg, 76 % yi@&d¥ 0.12 (hexane: ethyl acetate
5:1); [0]*% +28.7° (c = 1.23, CHG); *H NMR (400 MHz, CDC}) § 7.11 (d,J = 7.6 Hz, 1H),
7.00 (t,J = 7.6 Hz, 1H), 6.83 () = 7.6 Hz, 1H), 6.63 (m, 2H), 6.42 (@= 7.6 Hz, 1H), 6.34 (s,
1H), 3.77 (s, 3H), 3.71 (s, 3H), 3.57 (s. 3H), 3.11 ®d,9.2, 7.6 Hz, 1H), 2.51 (s, 3H), 2.06
(dd,J = 9.2, 5.0 Hz, 1H), 1.99 (dd,= 7.6, 5.0 Hz, 1H)**C NMR (100 MHz, CDGJ) 5 174.9,
147.9, 137.8, 134.7, 129.7, 127.8, 126.7, 126.0, 125.8, 123.7, 114.7, 110.3, 55.7, 55.6, 52.8, 36.0,
31.2, 20.2, 19.5; IR (film): 2951, 1713, 1516, 1463, 1435, 1251, 1140, 1026, 740; HRMS
(APCI) calcd for GoH2304 (M+H)" 327.15909 found 327.15909; HPLC: (Chiralcel OD-H, i3%
PrOH in hexane, 1 mL/min, 1 mg/mL, 30 mins= 254 nm) retention times of 17.81 min (minor)
and 19.31 min (major), 90% ee for RR-BNP),, 64% ee for R{R-DOSP).

A\ COzMe oM
L,

(1S,2R)-methyl 1-(3,4-dimethoxyphenyl)-2--tolyl)cyclopropanecarboxylate (5b): Prepared

by general procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate (118 mg, 0.5 mmol, 1
equiv), 4-methylstyrene (148 mg, 1.25 mmol, 2.5 equiv), angRRBNP), (4 mg, 0.0025 mmol,
0.005 equiv). The remaining residue was purified on silica gel eluting with hexanes : ethyl
acetate (5:1) to afford a yellow/green oil (147 mg, 90% yi®d}¥ 0.12 (hexane: ethyl acetate
5:1); [0]*D +27.7° (¢ = 1.24, CHG); 'H NMR (400 MHz, CDC}J) § 6.88 (d,J = 8.0 Hz, 2H),
6.69-6.67 (m, 4H), 6.37 (s, 1H), 3.81 (s, 3H), 3.67 (s, 3H), 3.57 (s, 3H), 3.05fd2, 7.6 Hz,

1H), 2.22 (s, 3H), 2.11 (dd,= 9.2, 4.8 Hz, 1H), 1.80 (dd,= 7.6, 4.8 Hz, 1H)}*C NMR (100
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MHz, CDCk) 6 174.7, 147.9, 136.0, 133.5, 128.6, 128.0, 127.86,11215.5, 110.3, 55.7, 55.6,
52.7, 36.9, 33.1, 21.0, 20.9; IR (film): 2951, 1714, 1589, 1516, 1435, 1413, 1341, 1315, 1250,
1228, 1155, 1027; HRMS (APCI) calcd fobd8230, (M+H)" 327.15909 found 327.15909;
HPLC: (Chiralcel OD-H, 3%-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 mih,= 254 nm)
retention times of 17.3 min (minor) and 20.1 min (major), 88% ee faRFBNP),, 67% ee for

Rhy(R-DOSP).
MeO 5c OMe

(1S,2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(4-methoxyphenyl)cyclopropanecarboxylate

(5¢): Prepared by general procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate (118
mg, 0.5 mmol, 1 equiv), 4-methoxystyrene (168 mg, 1.25 mmol, 2.5 equiv), a(R-BYP), (4

mg, 0.0025 mmol, 0.005 equiv. The remaining residue was purified on silica gel eluting with
hexanes : ethyl acetate (5:1) to afford an off-white solid (137 mg, 80% ¥Rk .20 (hexane:

ethyl acetate 3:1); mp 123-175; [0]*% +33.1° (¢ = 1.4, CHG); *H NMR (400 MHz, CDCJ) &
6.73-6.61 (m, 6H), 6.41 (s, 1H), 3.81 (s, 3H), 3.70 (s, 3H), 3.67 (s, 3H), 3.60 (s, 3H), 3.03 (dd,
= 9.2, 7.6 Hz, 1H), 2.10 (dd,= 9.2, 4.8 Hz, 1H), 1.76 (dd,= 7.6, 4.8 Hz, 1H)**C NMR (100

MHz, CDCk) 6 175.1, 158.6, 148.3, 129.5, 128.9, 127.9, 124.6,911113.7, 110.7, 56.1, 55.6,
53.1, 37.1, 33.2, 21.3; IR (film): 2952, 1714, 1611, 1589, 1515, 1463, 1437, 1413, 1341, 1248,
1228, 1177, 1153; HRMS (APCI) calcd ford2,05 (M+H)" 342.14618 found 342.14589;
HPLC: (Chiralcel OD-H, 5%-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 mia,= 254 nm)
retention times of 19.2 min (minor) and 22.9 min (major), 90% ee fa{RFBNP),, 62% ee for

Rhy(R-DOSP).
O5N 5d OMe

(1S,2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(4-nitrophenyl)cyclopropanecarboxylate (5d):
Prepared by general procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate (118 mg,
0.5 mmol, 1 equiv), 4-nitrostyrene (186 mg, 1.25 mmol, 2.5 equiv), ag(RIBINP), (4 mg,
0.0025 mmol, 0.005 equiv). The remaining residue was purified on silica gel eluting with
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hexanes : ethyl acetate (5:1) to afford yellow oil (168 mg, 94% yiRld).0.28 (hexane: ethyl
acetate 3:1):1*°5 +15.5° (¢ = 1.07, CHG); *H NMR (400 MHz, CDC}) § 7.94 (d,J = 8.8 Hz,

2H), 6.92 (dJ = 8.8 Hz, 2H), 6.67 (d] = 8.2 Hz, 1H), 6.61 (ddl = 8.2, 2.0 Hz, 1H), 6.43 (d,

= 2.0 Hz,, 1H), 3.81 (s, 3H), 3.69 (s, 3H), 3.62 (s, 3H), 3.16Jdd®.2, 7.6 Hz, 1H), 2.22 (dd,

= 9.2, 5.4 Hz, 1H), 1.91 (dd,= 7.6, 5.4 Hz, 1H)*C NMR (100 MHz, CDGJ) 5 173.9, 148.5,

145.1, 128.7, 126.2, 124.2, 123.0, 115.0, 110.6, 55.9, 55.8, 53.0, 38.4, 32.6, 29.8, 21.8; IR (film):
2924, 1717, 1597, 1515, 1463, 1415, 1342, 1229, 1206, 1156, 1141; HRMS (APCI) calcd for
Ci1gH2006N; (M+H)* 358.12851 found 358.12836; HPLC: (Chiralcel OD-H, 6%rOH in
hexane, 1 mL/min, 1 mg/mL, 60 mik,= 254 nm) retention times of 30.4 min (minor) arddd4

min (major), 80% ee for R{R-BNP),, 50% ee for R{R-DOSP),.

CO,Me
jogaom
F;C e OMe

(1S,2R)-methyl 1-(3,4-dimethoxyphenyl)-2-(4-
trifluoromethyl)phenyl)cyclopropanecarboxylate (5e): Prepared by general procedure with
methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate (118 mg, 0.5 mmol, 1 equiv), styrene (215 mg,
1.25 mmol, 2.5 equiv), and RR-BNP) (4 mg, 0.0025 mmol, 0.005 equiv). The remaining
residue was purified on silica gel eluting with hexanes : ethyl acetate (6:1) to afford a yellow oll
(171 mg, 90% vyield)R: = 0.24 (hexane: ethyl acetate 4:1}*fp +16.5° (c = 1.6, CHG); *H

NMR (400 MHz, CDC}) 6 7.33 (d,J = 8.2 Hz, 2H), 6.88 (d] = 8.2 Hz, 2H), 6.70-6.65 (m, 2H),

6.35 (s, 1H), 3.81 (s, 3H), 3.68 (s, 3H), 3.56 (s, 3H), 3.11 (t, 1H), 3.12 &€,2, 7.2 Hz, 1H),

2.18 (dd,J = 9.2, 4.8 Hz, 1H), 1.85 (dd,= 7.2, 4.8 Hz, 1H)**C NMR (100 MHz, CDG)) &

174.5, 148.7, 148.6, 141.5, 128.7, 127.0, 124.8, 124.7, 124.6, 124.3, 115.6, 110.9, 56.1, 53.2,
38.0, 33.0, 21.7; IR (film): 2954, 1718, 1517, 1465, 1437, 1414, 1324, 1252, 1230, 1210, 1193;
HRMS (APCI) calcd for GoH1oF204 (M+H)" 380.12300 found 380.12251; HPLC: (Chiralcel
OD-H, 6%i-PrOH in hexane, 1 mL/min, 1 mg/mL, 30 min= 254 nm) retention times of 12.6

min (minor) and 15.6 min (major), 90% ee forARBNP),, 63% ee for R{R-DOSP).

\COQMe
Jogn o
Cl 5f OMe
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(1S,2R)-methyl 2-(4-chlorophenyl)-1-(3,4-dimethoxyphenyl)cyclopropanecarboxylate (5f):
Prepared by general procedure with methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate (118 mg,
0.5 mmol, 1 equiv), 4-chlorostyrene (173 mg, 1.25 mmol, 2.5 equiv), as(R-BNP), (4 mg,
0.0025 mmol, 0.005 equiv). The remaining residue was purified on silica gel eluting with
hexanes : ethyl acetate (6:1) to afford clear oil (123 mg, 89% yRld).0.30 (hexane: ethyl
acetate 3:1);d]*°% +13.4° (c = 1.2, CHG); *H NMR (400 MHz, CDC}) 5 7.04 (d,J = 8.4 Hz,

2H), 6.72-6.63 (m, 4H), 6.38 (d,= 1.6 Hz, 1H), 3.81 (s, 3H), 3.67 (s. 3H), 3.61 (s, 3H), 3.04
(dd,J = 9.2, 7.2 Hz, 1H), 2.13 (dd,= 9.2, 4.8 Hz, 1H), 1.78 (dd,= 7.2, 4.8 Hz, 1H)}*C NMR

(100 MHz, CDCY¥) 6 174.4, 148.2, 148.2, 135.4, 132.3, 129.4, 128.0,00224.2, 115.4, 110.5,
55.9, 55.8, 52.8, 37.2, 32.6, 21.2; IR (film): 2951, 1715, 1589, 1517, 1496, 1435, 1413, 1371,
1341, 1307, 1228,1177, 1155, 1139; HRMS (APCI) calcd feHGCIO, (M+H)* 346.09664

found 346.09632; HPLC: (Chiralcel OD-H, 5%rOH in hexane, 1 mL/min, 1 mg/mL, 30 min,

A = 254 nm) retention times of 14.9 min (minor) adds51lmin (major), 89% ee for RR-BNP),,

67% ee for R(R-DOSP).
CIOMe
(¢]] OMe

59
(1S,2R)-methyl  2-(3,4-dichlorophenyl)-1-(3,4-dimethoxyphenyl)cyclopropanecarboxylate
(59): Methyl 2-diazo-2-(3,4-dimethoxyphenyl)acetate (2.7g, 11.6 mmol, 1 equiv) in 153 mL dry
and degassed toluene was added by syringe pump over 2 h to a solution of 1,2-dichloro-4-
vinylbenzene (2.4 g, 13.9 mmol, 1.2 equiv) and(RBNP), (92.2 mg, 0.06 mmol, 0.005 equiv)
in 77 mL toluene. After addition, the solution was allowed to stir overnight and toluene was
removedin vacuo. The remaining residue was purified on silica gel (hexane:ethyl acetate 5:1) to
afford a clear oil (3.2 g, 72% vyield for KR-BNP), [enantiomer shown above]; 2.3g, 52% yield
for Ri(SBNP),) R = 0.17 (hexane: ethyl acetate 5:1*fp +4.1° (c = 1.03, CHG) for Rhy(R-
BNP). [0]%°5 -6.9° (¢ = 1.05, CHG) for Rh(S-BNP);; *H NMR (600 MHz, CDCY)  7.10 (d,J
= 9.0 Hz, 1H), 7.01 (d) = 2.4 Hz, 1H), 6.69 (d] = 9.0 Hz, 1H), 6.63 (ddl = 9.0, 2.4 Hz, 1H),
6.51 (dd,J = 9.0, 2.4 Hz, 1H), 6.44 (d,= 1.8 Hz, 1H), 3.82 (s, 3H), 3.67 (s, 3H), 3.66 (s, 3H),
3.02 (dd,J = 9.0, 7.2 Hz, 1H), 2.13(dd,= 9.0, 5.1 Hz, 1H), 1.78 (dd,= 7.2, 5.1 Hz, 1H)**C
NMR (100 MHz, CDC}) 6 174.1, 148.4, 148.3, 137.4, 131.9, 130.5, 130.9,71227.0, 126.6,
124.2, 115.2, 110.6, 55.9, 55.8, 52.9, 37.4, 32.1, 21.1; IR (film): 2951, 2836, 1716, 1559, 1516,
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1413, 1229, 1178, 1137, 1027, 764; HRMS (APCI) calcd feHGCI.04 (M+H)™ 381.24981
found 381.24982; HPLC: (Chiralcel OD-H, 59rOH in hexane, 1 mL/min, 1 mg/mL, 30 min,
A = 254 nm) retention times of 15.4 min (minor) afd91min (major), 86% ee for RR-BNP),;
retention times of 15.3 min (major) and 19.7 min (minor) 85% ee fefSBNP), 48% ee for
Rhp(R-DOSP).
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HPLC Trace of Compound 3d (RR-DOSP),)

)

.? ,ﬁ . RT [min]

TS 6 B8 8 65 10 105 1T 115 12 135 13 135 14 145 15 155 16 1o
Name Time [Min]  Area % [%]
minor 8.64 5.865
major 11.48 94.135

HPLC Trace of Compound 3d (RI$-PTAD),)
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major

7””7j5””

1 =i

RT [min
N B 10 \C" At
Time [Min]  Area % [%]
8.62 26.130
12.13 73.870

HPLC Trace of Compound 3d (RR-BNP),)
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3 X
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Time [Min]  Area % [%]
8.48 21.478
11.83 78.522

'"H-NMR Spectrum of Compounge
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JA-I-21A run210.DATA [Abs Chan 1]

Name

racemic
racemic

Time [Min]  Area % [%]
11.97 40.845
17.71 59.155

HPLC Trace of Compound 3e (KR-DOSP))
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Time [Min]  Area % [%]
10.19 94.903
15.15 5.097

HPLC Trace of Compound 3e (KB-PTAD),)
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200}
150;
100}

504

JA-1-73A9.DATA [Abs Chan 1]

Name
major
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Time [Min]
11.97
19.66

Area % [%]
96.422
3.578

HPLC Trace of Racemi8e
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125

Name
racemic
racemic

l15.0 175 200

Time [Min]  Area % [%]
14.07 49.617
19.64 50.383

HPLC Trace of Compound 3e (KR-BNP),)

Name
major
minor

Time [Min]  Area % [%]
13.65 75.746
20.05 20.754
'H-NMR Spectrum of Compourgf
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JA-F117A run2 OJH5.DATA [Abs Chan 1]
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Tlme [Mln] Area % [%]
11.47 49.262
17.42 50.738

HPLC Trace of Compound 3f (RIR-DOSP))
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Time [Min]  Area % [%]
11.47 3.663
15.27 96.337

HPLC Trace of Compound 3f (RISPTAD),)
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130T T T 1 T T e T a7 T T1s T 19 T200 0 T2r T T2 T T3 T T
Name Time [Min]  Area % [%]
minor 14.59 2.601
major 18.38 97.399
HPLC Trace of Compound 3f (RIR-BNP),)
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11 115 12 125 13 135 14 145 15 155 16 16.5 17 175 18 185 19 19.5 20 20.5 21 215 22 225 23 235 24
Name Time [Min]  Area % [%]
minor 13.43 22.762
major 17.25 77.238

'H-NMR Spectrum of Compouryg
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N~ 3

420F
4003
3803
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3403
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2803
2603
2403
2203
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1803
1603
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803
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403
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o3
_205.

B &
ap RT [min]

9..5....1.0........

Name

racemic
racemic

T LS 12 125 13 135 14 148 15 155 16 165 17 175 18
Time [Min]  Area % [%]

11.65 49.664

14.00 50.336

HPLC Trace of Compound 3g (KR-DOSP))

JA-I-139A3.DATA [Abs Chan 1]

11 115 12 12.5 13 135 14 145 15 15.5 16
Time [Min]  Area % [%]

11.53 7.108
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400
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_zg;_ ‘ ‘ L ‘ ‘ ‘ f!'_? ‘ ‘ ‘ ‘ ‘ ‘ é _ RT [min]
11715 12 125 13 185 14 145 15 155 16 165 17 175 18 18E
Name Time [Min]  Area % [%]

minor 12.89 9.853

major 15.03 90.147

HPLC Trace of Racemi8g
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N~ H

12

Name Time [Min]  Area % [%]
racemic 12.24 47.524
racemic 13.57 51.428

HPLC Trace of Compound 3g (RR-BNP),)

12 13

Name Time [Min]  Area % [%]
major 12.14 63.456
minor 13.62 36.544

'H-NMR Spectrum of Compourngh
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7 7.5 8 8.5 9 9.5 10
Name Time [Min]  Area % [%]
racemic 7.54 48.667
racemic 9.78 51.333

HPLC Trace of Compound 3h (RR-DOSP),)

3005_ mAU KMC-6-151-rh2Rdosp4-cat-34diCl-r3t96.DATA [Abs Chan 1]

Name Time [Min]  Area % [%]
minor 8.07 8.806
major 9.81 91.194

HPLC Trace of Compound 3h (RI$PTAD),)
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503

RT [min]

8.5 9 9.5

Name Time [Min]  Area % [%]

minor 8.02
major 9.73

21.895
78.105

8

HPLC Trace of Compound 3h (RR-BNP),)

cmqin-1-83-enantiopure2.DATA [Abs Chan 1]

8 8.5 9

Name Time [Min]  Area % [%]

minor 7.59
major 9.81

17.773
82.227

'H-NMR Spectrum of Compoungi
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JA-I-69A1.DATA [Abs Chan 1]
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racemic
racemic

Time [Min]  Area % [%]
13.99 49.824
17.97 50.176

HPLC Trace of Compound 3i (RIR-DOSP),)
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JA-I-75A9.DATA [Abs Chan 1]
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Time [Min]  Area % [%]
15.13 21.463
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HPLC Trace of Compound 3i (RISPTAD),)
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903
80}
703
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503
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20%
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Name Time [Min]  Area % [%]
minor 15.82 2.975
major 18.64 97.025

HPLC Trace of Compound 3i (RR-BNP);, 1mol%)

38} MAU KMC-1-0112.DATA [Abs Chan 1]

Name Time [Min]  Area % [%]
minor 13.06 2.164
major 16.44 97.836

HPLC Trace of Compound 3i (RR-BNP), 0.5 mol%)
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27T Tizs 13 T35 14 145 15 155 16 165 17 175 18 | 185 19
Name Time [Min]  Area % [%]
minor 13.04 2.214
major 16.06 97.786
HPLC Trace of Compound 3i (RR-BNP), 0.1 mol%)
K
- 200 25 Tzsol
Name Time [Min]  Area % [%] .
minor 15.36 4.375
major 19.58 95.625

HPLC Trace of Compound 3i (RR-BNP),, 0.01 mol%)
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Name Time [Min]  Area % [%]
minor 14.86 30.071
major 19.12 69.582

'H-NMR Spectrum of Compoungj
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65§
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IENAET]

cqin-1-89-racemic4.DATA [Abs Chan 1]

Name
racemic
racemic

A

"105 15 12 s
T|me [Min] Area % [%]
9.50 50.830
11.38 49.170

RT i

HPLC Trace of Compound 3j (RR-DOSP))

260§
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2204
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1801
1601
1401
1203
1001
8o
603
a0}

203

KMC-metamethoxy6.DATA [Abs Chan 1]

_RT [min]

Name
major
minor

B

T|me [Mln] Area % [%]
7.77 89.843
9.05 10.157

9.6 9.8 10

HPLC Trace of Compound 3j (R{&PTAD),)
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N~ 3

1403

mAU KMC-7-013-r3t1025.DATA [Abs Chan 1]

-

Name Time [Mln] Area % [%]
major 11.59 58.113
minor 14.64 41.887

130;

HPLC Trace of Compound 3j (RtR-BNP),)
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4 mau cqin-1-89-enantiopure2.DATA [Abs Chan 1]
1203

9 9.2 9.4 9 6 9.8 10 102 104 106 108 11 112 114 116 118 12 12.2

Name Time [Min]  Area % [%]
major 9.53 95.557
minor 11.66 4.443

'H-NMR Spectrum of Compoungk
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RT [min]

6.8 7 7.2 . 7.6 7.8 8
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7.33 49.968
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racemic
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HPLC Trace of Compound 3k (RR-DOSP),)

4 7.4 7.6 7.8 8
Time [Min]  Area % [%]
7.35 64.222
9.12 35.778

HPLC Trace of Compound 3k (RISPTAD),)
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Name
minor
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Time [Min]  Area % [%]
6.67 48.581
8.16 51.419

HPLC Trace of Compound 3k (RIR-BNP),)

96 98

6003
5501
500}
450}
400}
3501
3003
2501
2003
1501
1001

501

KMC-3-143-R3T4-RBNP19.DATA [Abs Chan 1]
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Time [Min]  Area % [%]
7.27 95.926
9.08 4.074

'H-NMR Spectrum of Compoungl
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751 mAU
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551
503
453
403
351
303
251
203
153
103

—

o 5 i 1

Name Time [Min]  Area % [%]
racemic 10.78 50.207
racemic 11.79 49.793

HPLC Trace of Compound 3| (RIR-DOSP),)
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" 14

RT min]

2401
220%
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8ol
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401 i
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] mau KMC-OMPa16.DATA [Abs Chan 1]
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RT [min]

.é. — I9j5l T .1.0. — Ild.5l T Illll — Iljll_.5l T .1.2. T .12..5. — .1.3. T l?;.SI T

Name Time [Min]  Area % [%]
minor 10.80 24.679
major 11.36 75.321

HPLC Trace of Compound 3! (RIS-PTAD),)
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Different Y units [RMC-6-149-r5t612.DATA [Prostar 325 Absorbance Channel 1 LCI006M831 ]
KMC-6-149-r5t612.DATA [Prostar 325 Absorbance Channel 2 LC1006M831
. X 1y
T i T RT [min]
75 85 9 95 10 105 11 115 12 125 13 135 14 145

Name Time [Min]  Area % [%]

major 8.00 56.444

minor 12.76 43.556

HPLC Trace of Compound 3I (RR-BNP),)

505- mAU cqin-1-93-enantiomer2.DATA [Abs Chan 1]
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oF . . . Ir . . . . . . RT [min]
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Name Time [Min]  Area % [%]

minor 10.95 4.868

major 11.77 95.132

'H-NMR Spectrum of Compourisa
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HPLC Trace of Compound 5a (KR-BNP),)
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T - ~ RT[min]

Name Time [Min]  Area % [%]
minor 14.20 17.902
major 15.51 82.098
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KMC-1-0691.DATA [Abs Chan 1]
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HPLC Trace of Compound 5b (RR-BNP),)
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Name Time [Min]  Area % [%]

minor 14.17
major 16.06

16.570
83.430

'H-NMR Spectrum of Compounst
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