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1. General Informations

Unless otherwise noted, all reactions were caroedunder an atmosphere of argon in oven-
dried glassware with magnetic stirring. TCL (Thiayler-Chromatography) visualization was done
with UV light and/or potassium permangangiegnisaldehyde or ceric ammonium molybdate stains
followed by heating. Column chromatography was qrened on EM Science silicagel 60 (230-400
mesh). Chlorofornd and Methanob, were purchased from Cambridge Isotope. Diethytre(GtO),
dichloromethane, tetrahydrofuran (THF) and tolueseee purchased from Fisher and dispensed using
the Glass Contour solvent purification system.

'H NMR, ®C NMR and*F NMR were collected on a 400 MHz or a 500 MHz As@n
spectrometer at ambient temperature. Chemical dhfis reported in unit of parts per million (ppm)
downfield from tetramethylsilane; data are repodseds = singlet, d = doublet, t = triplet, q = degr
m = multiplet, b = broad and dd = doublet of dotdlevith coupling constants given in Hz. High
resolution mass spectra were done on a ThermoRBnMMAT 95XL at the Chemistry Instrumentation
Center of the University of Buffalo. Melting pointgere measured on a Thomas Hoover capillary
melting point apparatus and were uncorrected. feffaIR) spectra were recorded on a 8400S
Shimadzu FTIR spectrometer.
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2.Synthesis of substrate 3
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phloroglucinol 11,17 %
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OMe —— OMe
1.3.5 equiv. BrMg™ XX { 0,, 10 mol% PdCl, {
11 O O OMe 1 equiv. CuCl O O OMe
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OMe
0
1.1 equiv. NaH, 1.1 equiv. KH OMe benzaldehyde, AcOH,
S3 3 equiv. dimethylcarbonate O N\ O piperidne, benzene
OMe
THE. 65°C MeO o} A, Dean-Stark
S4, 61%

OH

o
MeO

2-Hydroxy-2-(4-methoxyphenyl)acetonitril8X)

Potassium cyanide (57.4 g, 881 mmol) was addedstorang mixture of distilled water (200 mL) and
EtOAc (230 mL). Once dissolved, sodium bisulfiteah6Q, 91.7 g, 881 mmol) was added and
stirring continuedNote: The order of addition isimportant, addition of KCN to a solution of NaHSO;
resultsin a violent reaction. To this mixture, freshly distilleg-anisaldehyde was added (17.9 mL, 147
mmol), the flask was then sealed with an outlet atidted vigorously for 20h. The reaction was
poured into 300 mL distilled water, washed withtiled water (3 x 200 mL), then brine. The organic
layer was dried over MgS(Cand concentrated. The residue was dissolved inni5@f toluene and
~30 mL hexane were added with swirling. The sohtiwas allowed to stand, whereupon
crystallization occured. The product was filteraéshed with hexane and drigdvacuo to give the
desired cyanhydri$l (23.7g, 99%)'H NMR (400 MHz, CDC}) & 2.74 (d,J = 7.0 Hz, 1H), 3.84 (s,
3H), 4.48 (dJ = 7.0Hz, 1H), 6.96 (d] = 9.0 Hz, 2H), 7.46 (dl = 9.0 Hz, 2H).
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4,6-Dimethoxy-2-(4-methoxyphenyl)benzofuran-3(2hiedll)

To a 3-necked flask containing dry,@t(440 mL) the previous cyanohydr({26.6 g, 163 mmol) and
phloroglucinol (20.6 g, 163 mmol, driéd vacuo 1h @ 35 in. Hg, 10TC) were added. The flask was
cooled to 8C with mechanical stirring. Dry HCI (g) was bubblédough slowly for 1h. After ~30 min

a precipitate developed which could range in aea from orange and sticky to off-white and free
flowing. Once a full hour of gas flow had elaps#tt gas was stopped, the precipitate was scraped
from the walls of the reaction vessel and the flesfkigerated for 3 days. Once removed from the
cold, the supernatant was vacuum suctioned fromfldsk, and replaced with fresh Bt The
precipitate was triturated in this same manner re¢vwenes with EtO (3 x 300 mL). To remove the
residual ether that could not be removed by vacauationing, the flask was connected to a vacuum
pump directly and warmed until the precipitate iragly flowing. At this point the trituration with
ether was repeated followed by and additional eatdan on a pump. The resulting powder was then
dissolved in 0.1 M HCl4dg.) (356 mL) and heated to 12 with a reflux condenser in place. The
solution was refluxed for ~3 h, at which time aqgpéate formed. The reaction was cooled, the
precipitate was filtered, washed with distilled @raind driedn vacuo overnight to yield the di-
phenolic benzofuranone (11.25 g, 25%f) NMR (500 MHz, CROD) § 3.79 (s, 3H), 5.45 (s, 1H),
5.94 (d,J = 2.0 Hz, 1H), 6.03 (d] = 2.0 Hz, 1H), 6.93 (d] = 9.0 Hz, 2H), 7.23 (d] = 9.0 Hz, 2H).
Once dry, the product of the above reaction wasotlied in degassed acetone (300 mL, degassed by
five vacuum/argon cycles under stirring). This solu was cannulated to a suspension of dimethyl
sulfate (23.5 mL, 248 mmol) and potassium carboKdde3 g, 248 mmol) in 150 mL of degassed
acetone and the mixture was refluxed under argoBGamin. After this time, methanol (200 mL) was
added and the mixture was filtered and concentrdted resulting solid was filtered, washed with 100
mL of methanol and drieih vacuo overnight to givell (8.60 g, 69%) as a clear brown powder.

'H NMR (500 MHz, CDCY) 6 3.79 (s, 3H), 3.89 (s, 3H), 3.90 (s, 3H), 5.431d), 6.04 (dJ = 2.0

Hz, 1H), 6.22 (dJ = 2.0 Hz, 1H), 6.89 (d] = 9.0 Hz, 2H), 7.31 (d] = 9.0 Hz, 2H).
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4,6-Dimethoxy-2-(4-methoxyphenyl)-3-vinylbenzofurgg?)

To a stirring solution of benzofuranof# (10.34 g, 34.4 mmol) in dry THF (300 mL) under argu
room temperature, vinyl magnesium bromide (100 &i,in THF, 100 mmol) was added rapidiya
cannula. The reaction was stirred ~15 min., urttistarting material remained as judged by TLC. The
reaction was quenched with a saturated (satd.)oaguéaq.) solution of NICI and made slightly
acidic by the addition of 1IN HCla{.). The mixture was poured into distilled water@Bc (100
mL/250 mL) and extracted. The aqueous phase wasotetl with EtOAc (100 mL) and the combined
organic extracts were washed successively witlilldgtvater and brine. The organic layer was dried
over MgSQ, filtered and concentrated. The crude material rgagdissolved in toluene (200 mL) and
p-TSA (5 mg) was added. The reaction was stirredflgr(no more than 7 min.), until most material
was converted to the least polar product by TLE~]RS8, 80:20 hexane/EtOAc, blue under UV). The
reaction was filtered over a silica plug (EtOAchamoncentrated. The resulting residue was submitted
to flash column chromatography (75:25 hexane/EtGA@ive the desired vinylbenzofurage (7.11

g, 67%) as a white solid.

Pre-stirring the ketone at rt for 2 h with 1.5 equivalents of anhydrous CeCl3, allowed to decrease the
amount of Grignard reagent to 1.5 equivalents, but did not increase the yield of the reaction.

IR (neat) crit 2997, 2953, 2938, 2905, 2835, 1618, 1591, 150%0,12148, 1113, 1103H NMR
(500 MHz, CDC}) 6 3.86 (s, 6H), 3.91 (s, 3H), 5.40 (dbs 11.5 Hz, 2.0 Hz, 1H), 5.99 (dd= 17.5
Hz, 2.0 Hz, 1H), 6.35 (d] = 2.0Hz, 1H), 6.65 (d] = 2.0 Hz, 1H), 6.97 (m, 3H), 7.70 (@= 8.5 Hz,
2H) 3¢ NMR (125 MHz, CDQJ) 6 55.3, 55.4, 55.7, 88.0, 94.5, 111.6, 114.0, 11118.3, 123.9,
127.7, 129.2, 150.7, 154.6, 156.1, 158.9, 159.5 IBRKM+) calculated for ¢H150,: 310.1200,
observed 310.1196.
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1-(4,6-Dimethoxy-2-(4-methoxyphenyl)benzofuran-Jaykthylketone $3)

In a round bottom flask, the previous vinyl benzafu(139 mg, 0.447 mmol) was dissolved in 10 mL
of a (7:1) mixture of DMF and distilled water. Thug solution, PdGI(7.9 mg, 0.0447mmol) and CuCl
(49 mg, 0.0492 mmol) were added. The reaction Mased under an oxygen atmosphere and warmed
to 65°C. After 4 h at this temperature the reaction wased, filtered over celite (EtOAc), and poured
into water. The aqueous layer was extracted withAet (3 x 25 mL) and the combined organic
extracts were washed with distilled water, brinel dhen dried over MgSP After filtration, the
filtrate was concentrated and the resulting residias submitted to flash column chromatography
(80:20 hexane/EtOAC) to give the desired methybies3 (135 mg, 93%). IR (neat) ch8012, 2961,
2947, 2838, 1689, 1608, 1501, 1463, 1453, 14141,1PK17, 1148, 1118H NMR (400 MHz, CDC})

d 2.57 (s, 3H), 3.76 (s, 3H), 3.77 (s, 3H), 3.813(3), 6.30 (dJ = 1.6 Hz, 1H), 6.60 (dJ = 1.6 Hz,
1H), 6.89 (dJ = 8.8 Hz, 2H), 7.72 (d] = 8.8 Hz, 2H)**C NMR (100 MHz, CDGJ) § 32.3, 55.2, 55.5,
55.6, 88.0, 94.8, 110.6, 113.9, 117.1, 122.4, 12851.6, 153.3, 155.2, 159.6, 160.3, 199.8 HRMS:
(M+H) calculated for @H;40s: 327.1227, observed 327.1230.

O
OMe

OMe
Cry—on
MeO 0

Methyl 3-(4,6-dimethoxy-2-(4-methoxyphenyl)benza@s3-yl)-3-oxopropanoate4)

In a 2-neck round bottom flask fitted with a Lielngndenser, NaH (60% in mineral oil, 195 mg, 4.88
mmol) and KH (30% in mineral oil, 653 mg, 4.88 mijnakre washed first with hexane (3 mL), then
with dry THF (3 mL) under argon. The hydride reagewere suspended in dry THF (50 mL),
dimethyl carbonate (1.12 mL, 13.3 mmol) was addadsyringe and the flask was warmed td®5
Once at that temperature, ketds#®(1.45 g, 4.44 mmol), dissolved in dry THF (15 mijas added
slowly. The reaction was refluxed until the stagtketone was consumed, cooled to room temperature
and quenched with satd. W€l (ag). The reaction was made acidic by the additiodfHCI (aqg.)

and poured into distilled water (100 mL). The ampusephase was extracted with EtOAc (2 x 30 mL),
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the combined organic extracts were washed withlldtwater, brine and then dried over MgSO
Filtration of the organic phase, followed by cortcation and chromatography (silica gel, 85:15
hexane/EtOAc) gave4 (1.13 g, 66%). IR (neat) ¢hB010, 2955, 2838, 1738, 1667, 1608, 1581
NMR (400 MHz, CDCY) 6 3.66 (s, 3H), 3.85 (s, 3H), 3.86 (s, 3H), 3.913(3), 4.04 (s, 2H), 6.38 (d,
J=2.0 Hz, 1H), 6.68 (d] = 2.0 Hz, 1H), 6.96 (d] = 8.8 Hz, 2H), 7.84 (d] = 8.8 Hz, 2H)"*C-NMR
(100 MHz, CDC$) 6 50.2, 52.1, 55.3, 55.7, 88.1, 95.0, 110.0, 11118,8, 122.0, 129.2, 153.1, 153.8,
155.2, 159.7, 160.6, 168.0, 193.1.

Interrupted Nazarov substraf® (

B-Ketoester4 (1.13 g, 2.93 mmol) was dissolved in benzene (2. Mo the solution, glacial acetic
acid (0.08 mL, 1.32 mmol), piperidine (0.03 mL, ®.thmol), and benzaldehyde (0.31 mL, 3.08
mmol) were added. The flask was fitted with a D&awk trap and Liebig condenser and the reaction
was heated to 12Q. Once the reaction finished (as determined by )TIh@ flask was cooled, the
reaction was poured into distilled water (50 mLjuteéd with EtOAc (50 ml) and extracted (2 x 25
mL). The organic extract was washed with 1N HClds&laHCQ and brine. The organic layer was
dried over NgSQu, filtered and concentrated. The resulting residuas subjected to flash
chromatography (80:20 hexane/EtOAc) to yi6éIflL.24 g, 89%) as a 1 : 3.3 mixture of E/Z isomers.
IR (neat) crit 3006, 2949, 2837, 1729, 1651, 1615, 15a2NMR (400 MHz, CDC}) & 3.78 (s, 3H,
E), 3.80 (s, 3HE + 2), 3.82 (s, 3HZ), 3.86 (s, 3HE), 3.87 (s, 3HZ), 3.89 (s, 3HE), 3.90 (s, 3HZ)
6.31 (m, 1HE + 2), 6.50 (d,J = 2.0 Hz, 1HE), 6.70 (d,J = 2.0 Hz, 1H72), 6.95 (m, 3HZ + 2H, E),
7.12 (m, 1HE), 7.34 (m, 4HZ + 3H,E), 7.37 (s, 1HZ), 7.74 (dJ = 9.2 Hz, 2HZ), 7.79 (s, 1HE),
7.90 (d,J = 8.8 Hz, 2HE) *C-NMR (100 MHz, CDCJ) major isome# 52.6, 55.3, 55.7, 55.8, 87.9,
94.9, 112.4, 114.2, 122.1, 128.1, 128.8, 129.4,71381.2, 133.1, 136.1, 144.4, 152.3, 153.6, 155.1
159.7, 160.2, 167.7, 191.1 HRMS: (M+H) calculatedG,gH»s07: 473.1595, observed 473.1596.
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3. Synthesis of rocaglates

O

OMe H
CL3ow
MeO o

4,6-Dimethoxy-2-(4-methoxyphenyl)benzofuran-3-cadddehyde 12)

To a stirring solution of vinyl benzofurai®) (5.0 g, 16.1 mmol) in acetone (240 mL), tBuOH (35
mL) and distilled water (12 mL) were added and rémction vessel was flushed with argon. To this
solution N-methylmorpholine-N-oxide (3.6 g, 20.5 wljnwas added followed by Og@2.4 mL of a
4% solution in HO, 0.4 mmol). The reaction was stirred at room terapre for ~3 h, until the
starting material was consumed. The reaction waserdrated to an oilia rotary evaporation and
then diluted with THF (410 mL) and distilled watét50 mL). To this solution, sodium periodate (7.5
g, 35.0 mmol) was added. The reaction was stirneiil the intermediary diol was converted to
aldehydel2. Upon completion the reaction was poured into tarated sodium thiosulfate solution
(ag.) and extracted with EtOAc (2 x 200 mL). The orgagxtracts were combined and washed several
times with additional sodium thiosulfate until tagueous layer stopped developing a pink coloration.
The organic extract was washed with distilled walbeine and then dried over MgaOrhe organic
phase was filtered and concentrated to yield tiséretk aldehydd?2 (5.05 g, quantitative) which was
used without further purification. IR (neat) ¢r8003, 2966, 2941, 2910, 2887, 2835, 1674, 1622,
1597, 1539, 1497, 1350, 1313, 1250, 1150, 1387)IMR (400 MHz, CDC}) 6 3.88 (s, 3H), 3.89 (s,
3H), 3.95 (s, 3H), 6.43 (d,= 2.0 Hz,1H), 6.69 (d] = 2.0 Hz,1H), 7.01 (d] = 8.8 Hz, 2H), 8.22 (d]

= 8.8 Hz, 2H), 10.59 (s, 1H)C-NMR (100 MHz, CDCY)) § 55.4, 55.7, 55.8, 88.0, 95.5, 110.6,
113.8, 116.2, 121.9, 130.3, 154.6, 155.3, 158.9,6/5161.5, 187.5; HRMS: (M+H) calculated for
CigH170s: 313.1071, observed 313.1078; mp = 145°C-149°C.
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1-[4,6-Dimethoxy-2-(4-methoxy-phenyl)-benzofurandB-3-phenyl-prop-2-yn-1-ol

Phenyl acetylene (2.7 mL, 24.6 mmol) was dissoiwe80 mL dry THF and cooled to -78°C. To this
solution,n-BuLi (11 mL of a 1.9M solution in hexane, 20.9 nljnwas added dropwise under argon.
The solution was allowed to stir for 10 min. aftdrich a solution of aldehyd® (5.05 g, 16.1 mmol)

in dry THF (120 mL) was addeda cannula. The reaction was allowed to warm toant quenched
with NH4Cl (ag.). The mixture was poured into distilled water ahe aqueous phase was made
neutral by the addition of 1IN HChq.). The mixture was extracted EtOAc (2 x 200 mLy ahe
combined organic extracts were washed with brifee ®rganic layer was dried over 488, and
concentrated. Precipitation in methytbutyl ether afforded the desired propargylic aldol{®.20 g,
78%) IR (neat) cm 3474, 3003, 2935, 2836, 1621, 1597, 1501, 125&611411;'H-NMR (400
MHz, CDCk) & 3.87 (s, 6H), 4.06 (s, 3H), 4.63 (05 9.2 Hz, 1H), 5.85 (d] = 9.2 Hz, 1H), 6.45 (d]

= 1.6 Hz, 1H), 6.73 (d) = 1.6 Hz, 1H), 7.03 (d] = 6.8 Hz, 2H), 7.28 (m, 3H), 7.40 (m, 2H), 7.63 (d
J = 6.8 Hz, 2H)**C-NMR (125 MHz, CDGJ)  55.4, 55.9, 56.2, 57.6, 84.5, 89.1, 89.4, 95.0,41
114.3, 115.6, 122.8, 122.9, 128.2, 128.3, 129.3,713149.7, 152.3, 156.2, 159.3, 160.0 HRMS: (M)
calculated for GgH2605: 414.1462, observed 414.1471; mp = 119°C-121°C.

p

0

=0

iy
MeO 0

3-(1-ethoxy-3-phenylprop-2-ynyl)-4,6-dimethoxy-24f#ethoxyphenyl)benzofuran3a)

The resulting alcohol (3.7 g, 9 mmol) was dissolired0 mL of dry THF and KH (0.74 g, 18.5 mmol,
from the 30% suspension in mineral oil which washesl 3 times with hexanes) was added. The
reaction was stirred for ~5 min. until steady gasl&ion was observed. At this point, ethyl iodide
(2.22 mL, 27.8 mmol) is added and the reactiorrestiruntil the intermediary propargyl alcohol is
consumed. The excess KH is quenched by the addifiddH,Cl (ag.) and the mixture is poured into
distilled water and made neutral by the additiorid HCI (ag.). The mixture was extracted with
EtOAc (2 x 100 mL) and the combined organic extagere washed successively with brine and

distilled water . The organic layer was dried odMesSO, and concentrated. The resulting residue was
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subjected to flash column chromatography (80:2(Gahe#tOAC) to afford propargyl eth&Ba (2.57

g, 64%) IR (neat) ch2969, 2936, 2907, 2878, 2836, 1622, 1611, 15921,15890, 1296, 1252,
1215, 1149, 1110, 1060, 1029-NMR (500 MHz, CDC}) 6 1.31 (t,J = 6.5 Hz, 3H), 3.70 (m, 1H),
3.86 (s, 6H), 3.91 (m, 1H), 3.94 (s, 3H), 6.291(d), 6.36 (d,J = 1.5 Hz, 1H), 6.67 (d]) = 1.5 Hz,
1H), 7.00 (d,J = 7.2 Hz, 2H), 7.10 (m, 2H), 7.20 (m, 3H), 8.03 &= 9.0 Hz, 2H)**C-NMR (125
MHz, CDCk) 6 15.3, 55.4, 55.5, 55.8, 63.2, 64.0, 84.8, 87.51,884.6, 112.2, 112.6, 113.5, 122.9,
123.5, 128.0, 128.1, 130.0, 131.7, 152.7, 154.5,315158.9, 159.8 HRMS: (M+Na) calculated for
CogH260sNa: 465.1672, observed 465.1666; mp = 98°C-100°C.

OMe O

MeO o\ SHBU3

OMe
Stannyl allenei4a)
Propargyl ethefi3a (1.00 g, 2.26 mmol) was dissolved in 20 ml of @ityO and cooled to —4C
under argon. To this solutionBuLi (1.46 mL, 1.7M solution in hexanes, 2.49 mjnalas added
dropwise. With the addition of the base the reactolor progressed from light yellow to a deep
brown. Upon completion of addition the reaction vaélswed to stir for 5 min and then tri-butyl tin
chloride (0.74 mL, 2.71 mmol) was added and thetrea was allowed to warm to room temperature.
Upon the addition of the stannyl chloride the cobdrthe reaction bleached back to yellow and
eventually a white ppt. developed. The magnetic Br was removed and the reaction was
concentrated and the residue was taken up in hexameé immediately subjected to flash column

chromatography (90:10 hexanes/EtOAc on silica dested with E4N) to afford stannyl allené4a
(1.57 g 95%). This material was used without datasubsequent reactions.
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Nazarov productlba)
Stannyl allendl4a (1.55 g, 1.95 mmol) was dissolved in 20 mL of DMidar+CPBA (1.66 g of 77%
m-CPBA, 7.41 mmol w/rm-CPBA) were added all at once. The flask was fldsivgéh argon and
stirred. After ~3 h and additional 1 equiv.roefCPBA was added and the reaction was stirred thil
starting allene was consumed (an additional 3 hth& time the reaction was poured into a solution
of sodium thiosulfate in water, and extracted Et(JAx 50 mL). The organic extracts were washed
with satd. NaHCG® (ag.) twice, distilled water and finally brine. Theganic phase was dried over
MgSQ,, filtered and concentrated to give an orange uesid his was subjected to flash column
chromatography (85:15 hexane/EtOAd)ote:fractions containing the desired product appear
orange/blue under UV light. This material was concentrated, re-dissolved enrtfinimum amount of
Et,O and allowed to stand. After a few moments a pitte developed and the,Bt suspension is
briefly refrigerated. After refrigeration the prpitate is filtered to yield the pure Nazarov pradifa
as a yellow powder (0.45 g, 509%H-NMR (400 MHz, CDC}) & 1.45 (t,J = 5.6 Hz, 3H), 3.67 (s,
3H), 3.80 (s, 3H), 3.09 (s, 3H), 4.12 (m, 1H), 4(68 1H), 5.57 (s, 1H), 6.04 (d,= 1.2 Hz, 1H), 6.18
(d,J = 1.2 Hz, 1H), 6.59 (d] = 7.2 Hz, 2H), 6.88 (m, 2H), 7.11 (m, 5HC-NMR (100 MHz, CDCJ)
6 15.8, 55.1, 55.8, 55.9, 66.5, 68.4, 89.7, 93.02,9804.7, 113.0, 127.0, 127.4, 127.8, 130.0, 132.0

134.3, 144.9, 149.9, 157.8, 159.1, 165.6, 166.8,4HRMS: (M+Na) calculated for jgH2s0sNa:
481.1622, observed 481.1610; mp = 131°C-135°C.
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3-(1-(4-methoxybenzyloxy)-3-phenylprop-2-ynyl)-dénethoxy-2-(4-methoxyphenyl)  benzofuran
(13b)

The propargyl alcohol was prepared in the same odetts used for ethyl propargyl etiia. To
form thep-methoxy benzyl propargyl ether, KH (0.77g, 19.3 nymaas added to a flask and washed
once with hexane under argon. To this flask, 100aidlry THF was added followed by the propargyl
alcohol (5.00 g, 12.1 mmol). To the stirring sadati sodium iodide (3.62 g, 24.1 mmol) apd
methoxybenzyl chloride (3.28 mL, 24.1 mmol) wereled and the reaction was warmed t6Gi5The
solution was stirred at this temperature until gh@rting material was consumed, as determined by
TLC (~2 h). Once complete the reaction was quenehiidl ammonium chloride and made slightly
acidic by the addition of 1 N HCh(). The reaction was poured into distilled waterd axtracted
with EtOAc (2 x 150 mL). The combined organic egtsawere washed with distilled water and brine.
The organic phase was dried over MgSfitered and concentrated. The resulting residues w
subjected to flash column chromatography (67:33/Bg®). The combined product containing
fractions were poured into a separatory funnelaashed four times with 1IN NaOHd) to remove
excessp-methoxy benzyl alcohol. The organic phase wasnagaied over MgSQ filtered and
concentrated to yield themethoxybenzyl propargyl ethé&Bb (6.19 g, 96%) as a thick yellow oil IR
(neat) cnt 3002, 2956, 2936, 2906, 2834, 1611, 1507, 14649,12849, 1113H NMR (400 MHz,
CDCl3) 8 3.86 (s, 6H), 3.90 (s, 3H), 3.91 (s, 3H), 4.75)(¢,11.6 Hz, 1H), 4.83 (dl = 11.6 Hz, 1H),
6.28 (s, 1H), 6.35 (d] = 2.0 Hz, 1H), 6.68 (d] = 2.0 Hz, 1H), 6.89 (d] = 8.4 Hz, 2H), 6.99 (d] =
8.8 Hz, 2H), 7.17-7.27 (m, 5H), 7.36 (@ = 8.8 Hz, 2H), 8.01 (dJ = 8.4 Hz, 2H)**C NMR (100
MHz, CDCk) 6 55.3, 55.35, 55.4, 55.8, 62.3, 69.9, 87.2, 88406,9112.0, 112.4, 113.5, 113.7, 114.0,
122.9, 123.4, 128.1, 128.2, 128.7, 130.0, 130.1,.713152.8, 154.4, 155.4, 158.9, 159.2, 159.8.
HRMS: (M) calculated for €H300s: 534.2037, observed 534.2051
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(3-(4-methoxybenzyloxy)-3-(4,6-dimethoxy-2-(4-metlgphenyl)benzofuran-3-yl)-1-phenylpropa-
1,2-dienyl)tributylstannaneldb)

Propargyl ethei3b (2.6 g, 4.9 mmol) was dissolved in 70 ml of dry@#and cooled to —4C under
argon. To this solutiot-BuLi (3.0 mL, 1.7M solution in hexanes, 5.1 mmulas added dropwise.
With the addition of the base the reaction colargpessed from light yellow to a deep brown. The
reaction was allowed to stir for 5 min and therbtrtyl tin chloride (1.5 mL, 5.6 mmol) was added.
Upon the addition of the stannyl chloride the cobdrthe reaction bleached back to yellow and
eventually a white precipitate developed. The iieactvas allowed to warm up to rt, the magnetic stir
bar was removed and the reaction was concentratédhe residue was taken up in hexanes and
immediately subjected to flash column chromatogyaprb:25 hexanes/EtOAc) to afford stannyl
allene14b (3.8 g 94%). This material was used without détagubsequent reactions. IR (neat)tm
3002, 2952, 2921, 2836, 1917, 1612, 1506, 14647 1P446, 1109H NMR (500 MHz, CDCY) 0.80

(t, J = 7.0 Hz, 9H), 1.15-1.25 (m, 12H), 1.35-1.45 (rHl)63.83 (s, 3H), 3.85 (s, 6H), 3.89 (s, 3H),
4.83 (d,J = 11.0 Hz, 1H), 4.89 (dl = 11.0 Hz, 1H), 6.36 (d} = 2.0 Hz, 1H), 6.67 (d] = 2.0 Hz, 1H),
6.79 (d,J = 9.0 Hz, 2H), 6.88 (d] = 8.5 Hz, 2H), 7.09 (m, 2H), 7.18-7.25 (m, 3HB&(d,J = 8.5

Hz, 2H), 7.77 (dJ = 9.0 Hz, 2H)13C NMR (125 MHz, CDQJ) 6 11.6, 27.2, 29.0, 46.2, 55.2, 55.3,
55.7, 70.2, 87.8, 94.3, 109.1, 113.0, 113.7, 11623.2, 123.5, 126.3, 128.1, 128.2, 128.9, 129.5,
130.1, 130.3, 140.4, 150.8, 154.2, 155.8, 158.9.115159.4, 200.1. HRMS: (M) calculated for
C34H3006: 534.2037, observed 534.2051
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Nazarov produci5b
Stannyl allend4a (3.8 g, 4.6 mmol) was dissolved in 150 mL of DMK amCPBA (4.5 g of 77%mn
CPBA, 18.4 mmol w/rtim-CPBA) were added all at once. The flask was fldsivth argon and
stirred. After ~3 h and additional 1 equiv.roefCPBA was added and the reaction was stirred thil
starting allene was consumed (an additional 3 h)th#s time the reaction was poured in distilled
water, and extracted EtOAc (2 x 200 mL). The orgasutracts were washed with distilled water
twice, a 10 % solution of sodium thiosulfate andafiy brine. The organic phase was dried over
MgSQ,, filtered and concentrated to give an orange uesid his was subjected to flash column
chromatography (80:20 hexane/EtOAd)ote:fractions containing the desired product appear
orange/blue under UV light. This material was concentrated, re-dissolved énrtfinimum amount of
Et,O and allowed to stand. After a few moments a prate developed and the,Bt suspension is
briefly refrigerated. After refrigeration the prpitate is filtered to yield the pure Nazarov prodifb
as a yellow powder (0.96 g, 38%).
'H NMR (400 MHz, CDCJ) & 3.64 (s, 3H), 3.77 (s, 3H), 3.84 (s, 3H), 3.8%(3), 4.52 (s, 1H), 5.38
(d,J = 11.7 Hz, 1H), 5.64 (dl = 11.7 Hz, 1H), 6.04 (dl = 2.0 Hz, 1H), 6.15 (d] = 2.0 Hz, 1H), 6.48
(d, J = 8.8 Hz, 2H), 6.78 (d) = 8.4 Hz, 2H), 6.82 (m, 2H), 6.95 (d,= 8.8 Hz, 2H), 7.10 (m, 2H),
7.51 (d,J = 8.4 Hz, 2H)**C NMR (100 MHz, CDGJ) 6 55.0, 55.27, 55.8, 55.8, 66.6, 72.6, 89.6, 93.0,
98.3, 112.8, 113.8, 127.0, 127.4, 127.8, 128.6,7,2880.0, 130.3, 131.7, 134.4, 143.9, 151.3, 157.8
159.0, 159.6, 165.6, 166.3, 198.6 HRMS; (M+H) cltmd for GsH3:0;: 551.2064, observed
551.2064; mp = 135°C-139°C.
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Cyclopentyl enoll8
Nazarov produci5b (264 mg, 0.48 mmol) was dissolved in 5 mL of DCM. this solution 1 mL of
distilled water was added followed by DDQ (489 dL,.6 mmol). The reaction was stirred at room
temperature for 12 h. Upon completion the reacivas poured into distilled water and extracted with
EtOAc (2 x 20 mL). The organic layer was washedagwtively with distilled water to remove the
excess DDQ. The organic layer was then washed withe, dried over MgS@ filtered and
concentrated. The resulting residue was subjectedflash column chromatography (60:40
EtOAc/Hex) to yieldl6 (158 mg, 71%) as a white solid. IR (neat)'t3432, 3315, 1710, 1598, 1512,
1500, 1393H NMR (400 MHz, CDC}) & 2.88 (broad s, 1H), 3.77 (s, 3H), 3.78 (s, 3H323s, 3H),
6.06 (d,J = 1.2 Hz, 1H), 6.16 (d] = 1.2 Hz, 1H), 6.88 (d] = 6.8 Hz, 2H), 7.29-7.37 (m, 5H), 7.99 (d,
J = 5.6 Hz, 2H)**C NMR (100 MHz, CDCJ) & 55.2, 55.6, 55.7, 83.9, 88.8, 92.7, 98.0, 10513,9,
127.9, 128.3, 129.3, 130.7, 131.2, 132.9, 148.8,715159.7, 161.7, 164.4, 195.6. HRMS: (M+Na)
calculated for ggH»,0O7Na: 469.1258, observed 465.1265; mp = 95°C-100°C.

OMe o

Voo HO oTf

o

SO

OMe

Enol triflate 19
Cyclopentyl enol18 (105 mg, 0.235 mmol) was dissolved in 4 mL of diffFrand cooled to @
under argon. To this solution freshly prepared KHM®.59 mL of a 1 M solution in THF, 0.59
mmol) was added dropwise. The solution was stifoed3 min where upon Commins’ reagent (168
mg, 0.47 mmol) was added slowly in 1 mL of dry THHRe reaction was stirred at®for 30 min and
then poured into water (20 mL). The aqueous layas extracted with EtOAc (3 x 25 mL) and the

combined organic extracts were washed with brife drganic layer was dried over Mg&@ltered
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and concentrated. The resulting residue was sw@oetd flash column chromatography (60:40
Hexane/EtOAc) to yield the desired enol trifld® (112 mg, 83%) as a yellow solid. IR (neat)tm
3445, 2940, 2843, 1740, 1624, 1597, 1512, 14275 IAINMR (400 MHz, CDC}) § 3.03 (s, 1H),
3.76 (s, 3H), 3.82 (s, 3H), 3.83 (s, 3H), 6.08)d, 2.0Hz, 1H), 6.13 (d] = 2.0 Hz, 1H), 6.95 (d] =
8.8 Hz, 2H), 7.33-7.43 (m, 5H), 7.58 (#l= 8.8 Hz, 2H)"*C NMR (100 MHz, CDGCJ) & 55.3, 55.7,
55.8, 84.6, 88.9, 93.1, 97.1, 105.2, 114.3, 12K20,6, 128.2, 128.8, 130.4, 131.8, 142.5, 152.8,715
160.1, 161.1, 164.7, 191.2 HRMS: (M+Na) calculafed C,;H,109FsSNa: 601.0751, observed
601.0734mp = 179°C-183°C.

OMe
a,.B-Unsaturated est@0

The enol triflate19 (112 mg, 0.194 mmol) was dissolved in 4 mL of didF The solution was
saturated with CO for 5 min. whereupon Pd(HP66 mg, 0.048 mmol), MeOH (0.62 mL, 15.5
mmol), and Hiinig’s base (0.135 mL, 0.776 mmol) waded. The reaction was warmed t6@&%or

6 h. Upon consumption of the starting material thaction was poured into distilled water and
extracted with EtOAc (3 x 20 mL). The organic egtrwvas washed with water and then brine. The
organic layer was dried over MggQiltered and concentrated. The resulting resias subjected to
flash column chromatography (50:50 Hexane/EtOAg)i¢dtd the desired este2) (69 mg, 79%) as a
white solid. IR (neat) cth3445, 2955, 2843, 1740, 1613, 1219, 138INMR (400 MHz, CDCY) 5
3.24 (s, 1H), 3.77 (s, 3H), 3.79 (s, 3H), 3.813H), 3.82 (s, 3H), 6.08 (d, J=2.0Hz, 1H), 6.13 (d,
J=2.0Hz, 1H), 6.93 (d, J=8.8Hz, 2H), 7.29-7.38 {iH) “*C NMR (100 MHz, CDGJ) 6 52.5, 55.2,
55.6, 55.6, 86.9, 88.6, 92.8, 98.5, 105.8, 1145,8, 127.5, 128.3, 129.4, 130.9, 131.6, 133.0,5,58
159.8, 160.9, 164.1, 164.2, 166.1, 196.2. HRMS: @&lculated for ggH,4Os: 488.1466, observed
488.1482; mp = 189°C-191°C.
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OMe
[-ketoestePl

a, B-unsaturated est@0 (52 mg, 0.11 mmol) was dissolved in 10 mL of absolethanol, platinum
oxide (10 mg) was added and the solution was datliraith H for 10 min and stirred at room
temperature for 3 h. Upon consumption of the stgnthaterial the reaction was filtered over celitd a
the filtrate concentrated. The resulting residus wabjected to flash column chromatography (50:50
Hexane/EtOAC) to yield the desired hydrogenatiaodpct2l (33 mg, 65%).

Note: purifcation of the desired compound proved troublesome and the hydrogenation showed poor
reproducibility. Hydrogenation of the corresponding silylated compound (see below) turned out to be
more reliable and title compound 21 was therefore alternatively obtained by desilylation of the
resultant -ketoester.

OMe (o) 0]
HO

MeO O 0 OMe
PtO, H, EtOH
o Ha,
O O 65%

20
OMe
TMSCI, DMAP KE MeOH
Hinig's base ur;mt
benzene, 96% q '
SiMe,

MeO |

o o
MeO Q T ome PtO, H, EtOH
- >
0
O 550
- O

OMe
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Silylated cyclopent$-ketoesteiS6 (50 mg, 0.09 mmol) was dissolved in 3 mL of dry Méd o this
solution potassium fluoride (100 mg, 1.7 mmol) wadsled. The reaction was stirred at rt for 6 h after
which the starting material was consumed. The nmmethaolution was poured into saturated
ammonium chloride solution and extracted twice VEOAc (2 x 25 mL). The combined organic
extracts were washed with distilled water and band then dried over MgSOThe organic phase
was filtered and concentrated to yield the dest@upound?l (45 mg, quantitative) which was used
without further purification. The compound was obéal as a 1:1 to 3:1 mixture of the keto- and the
enolic forms™H NMR (400 MHz, CDCJ) & 3.59 (s, 3H, enol), 3.65 (s, 3H, enol), 3.66 {3, Betone),
3.71 (s, 3H, ketone), 3.79 (s, 3H, enol), 3.813t$, ketone), 3.83 (s, 3H, enol), 3.86 (s, 3H, ke)on
3.88 (d,J = 13.2 Hz, 1H, ketone), 4.24 (@= 13.2 Hz, 1H, ketone), 4.48 (s, 1H, enol), 6 @3)(= 2.0

Hz, 1H, enal), 6.11 (d] = 2.0 Hz, 1H, ketone), 6.19 (d~ 2.0 Hz, 1H, enol), 6.35 (d,= 2.0 Hz, 1H,
ketone), 6.53 (d) = 9.2 Hz, 2H, enol), 6.68 (d,= 9.2 Hz, 2H, ketone), 6.93 (m, 3H), 7.01Jd&; 9.2

Hz, 2H, enol), 7.08 (m, 3H), 10.60 (s, 1H, enbiL NMR (100 MHz, CDCJ) § 51.5, 51.9, 52.9, 54.9,
55.1, 55.6, 55.7, 56.4, 56.9, 88.5, 88.9, 89.19,8%2.4, 92.9, 99.3, 100.7, 102.3, 105.8, 106.2,d,1
113.2,125.4, 126.6, 127.0, 127.2, 127.7, 127.8,0,229.0, 129.1, 135.4, 138.9, 158.1, 158.5,6.58.
158.9, 160.8, 161.0, 163.6, 165.0, 167.3, 170.2.a17203.4. HRMS: (M+Na) calculated for
CogH260gNa: 513.1520, observed 513.1524

MeO TS
e
O o
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MeO O Q OMe

o

O

OMe

Trimethyl silyl etherS5
a,B-unsaturated est&d0 (69 mg, 0.153 mmol) was dissolved in 3 mL of bemzero this solution,
Hunig’'s base (0.080 mL, 0.0459 mmol) and DMAP (2 ,n@®0153 mmol) were added.
Chlorotrimethyl silane (0.039 mL, 0.306 mmol) wakded and the reaction was stirred at rt for 30
min. Upon consumption of the starting material tib&ction was filtered over a plug of silica (EtOAc)

and the filtrate concentrated to yield the triméthijyl ether S5 (83 mg, 96%). IR (neat) ch2959,
2932, 2917, 2847, 1740, 1597, 1427, 12HNMR (400 MHz, CDCJ) & -.03 (s, 9H), 3.75 (s, 3H),
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3.78 (s, 3H), 3.80 (s, 3H), 3.82 (s, 3H), 6.06Jd, 2.0Hz, 1H), 6.11 (dJ = 2.0Hz, 1H), 6.91 (dJ =
9.2 Hz, 2H), 7.23-7.27 (m, 4H), 7.32-7.34 (m, 3% NMR (100 MHz, CDGJ) § 1.0, 52.3, 55.1,
55.3, 55.5, 88.5, 89.2, 92.5, 99.1, 106.6, 1126,4, 128.2, 128.3, 129.1, 130.3, 131.7, 133.5,7158
159.7, 161.0, 164.3, 164.5, 194.6. HRMS: (M) calted for GiH3,0sSi: 560.1861, observed
560.1874.

OMe
Silylated cyclopent@-ketoestelS6

Silylated a,3-unsaturated est&35 (76 mg, 0.11 mmol) was dissolved in 15 mL of absolkethanol,
platinum oxide (10 mg) was added and the solutias saturated with Hor 10 min and stirred at
room temperature for 6 h. Upon consumption of tiaeting material the reaction was filtered over
celite and the filtrate concentrated. The resultiresidue was subjected to flash column
chromatography (80:20 Hexane/EtOAC) to yield theirgel hydrogenation produsé (42 mg, 55%).

'H NMR (500 MHz, CDCJ) & — 0.38 (s, 9H), 3.62 (s, 3H), 3.72 (s, 3H), 3.393H), 3.87 (s, 3H),
3.94 (d,J = 13.5 Hz, 1H), 4.08 (dl = 13.5 Hz, 1H), 6.08 (d] = 2.0 Hz, 1H), 6.32 (d] = 2.0 Hz, 1H),
6.64 (d,J = 8.5 Hz, 2H), 6.80 (m, 2H), 6.92 (@= 8.5 Hz, 2H), 7.08 (m, 3HFC NMR (125 MHz,
CDCl3) 6 0.6, 51.3, 52.7, 55.1, 55.3, 55.6, 56.4, 58.46,892.6, 99.7, 105.7, 112.6, 126.4, 127.0,
127.8, 128.0, 128.5, 135.8, 158.7, 159.4, 161.5,116167.7, 201.2HRMS: (M+Na) calculated for
Cs1H340sSiNa: 585.1915, observed 585.1941; mp = 155°C-158°C

Aglafolin 2

Sodium borohydride (80 mg 2.1 mmol) was slowly aadefully added in 3 mL of glacial acetic acid.

After 30 min of stirring the resulting solution wadded to a solution of @ketoestef0 (25 mg, 0.05
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mmol) in 1 mL of dry acetonitrile. The reaction wstsrred at rt for 15 h, poured into water and
extracted with EtOAc (3x10 mL). The combined orgdiayers were washed with distilled water (10
mL) and brine and then dried over MgSOhe organic phase was filtered and concentrateldtlae
resulting residue was subjected to flash columormatography (80:20 EtOAc/Hex) to yield aglafolin
2 (14 mg, 56%) as a single stereoisomer. IR (neat) 8483, 3005, 2951, 2839, 1744, 1601, 1501,
1439, 1250'H NMR (400 MHz, CDCY) 6 3.62 (s, 1H), 3.63 (s, 3H), 3.75 (s, 3H), 3.823(d), 3.86

(s, 3H), 3.88 (ddJ) = 14.4, 6.4 Hz, 1H), 4.28 (d,= 14.4 Hz, 1H), 5.01 (dd,= 6.8, 1.2 Hz, 1H), 6.10
(d,J = 1.6 Hz, 1H), 6.26 (d] = 1.6 Hz, 1H), 6.65 (d] = 9.2 Hz, 2H), 6.85 (m, 2H), 7.04 (m, 3H),
7.09 (d,J = 9.2 Hz, 2H)**C NMR (100 MHz, CDCJ)  50.4, 51.9, 55.0, 55.1, 55.6, 55.7, 79.5, 89.5,
92.6, 93.7, 101.9, 107.7, 112.7, 126.5, 127.7,8,21728.3, 128.9, 136.9, 157.0, 158.7, 160.9, 164.1,
170.5. HRMS: (M+Na) calculated for.gH,s0sNa: 515.1676, observed 515.1701; mp = 89°C-91°C.

OMe
Rocaglic acid

Aglafolin (14 mg, 0.028 mmol) was dissolved in 6 mL of amikture of tetrahydrofuran and distilled
water. Lithium hydroxide (10mg, 0.42 mmol) was adidad the reaction was stirred at rt for 12h. The
mixture was diluted with 20 mL of dichloromethanedavashed with 10 mL of 1N HCI, the organic
layer was extracted with dichloromethane (2 x 5 natjed over MgSQ filtered and concentrated to
yield rocaglic acid11 mg, 82%) which was used without further pusifion. IR (neat) ci 3600-
3200, 2923, 2853, 1715, 1610, 1513, 1483NMR (400 MHz, CDCJ) & 3.72 (s, 3H), 3.88 (s, 3H),
3.89 (s, 3H), 4.07 (dd, = 14.0, 6.4 Hz, 1H), 4.28 (d,= 15.2 Hz, 1H), 5.06 (d] = 6.4, Hz, 1H), 6.12
(d,J=2.0Hz, 1H), 6.29 (d] = 2.0 Hz, 1H), 6.68 (d] = 8.8, 2H), 6.89 (m, 2H), 7.07 (m, 3H), 7.10 (d,
J = 8.8 Hz, 2H):**C NMR (100 MHz, CDGJ)) § 50.1, 54.9, 55.0, 55.7, 55.8, 79.3, 89.4, 92.66,93
101.8, 107.5,112.7, 126.2, 126.6, 127.7, 127.8,9,236.8, 156.8, 158.6, 160.8, 164.1, 174.0.
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OMe
Rocaglamidel

Rocaglic acid (11 mg, 0.023 mmol) was dissolved in 4 mL of drychiibromethane.
Dicyclohexylcarbodiimide (12 mg, 0.058 mmol), 4-éithylaminopyridine (19 mg, 0.15 mmol) and
dimethylamine hydrochloride (6 mg, 0.07 mmol) wadeled and the reaction was stirred at rt for 15 h.
The reaction was quenched with 1IN HCI and extractéth dichloromethane (2x10 mL). The
combined organic layers were washed with distillester, brine and then dried over MgSQhe
organic phase was filtered and concentrated andethdting residue was subjected to flash column
chromatography (EtOACc) to yield rocaglamitias a white solid (7 mg, 60%). Eventually rocaglamid
can be recrystalized from dichloromethane/hexaaagivie translucid crystals. IR (neat) ¢8500-
3250, 2935, 2838, 1620, 1512, 1486NMR (400 MHz, CDCY) § 1.81 (s, 1H), 2.95 (s, 3H), 3.33 (s,
3H), 3.72 (s, 3H), 3.85 (s, 3H), 3.87 (s, 3H), 408, 1H), 4.07 (dd] = 13.4, 6.4 Hz, 1H), 4.57 (d,=
13.4Hz, 1H), 4.94 (dd] = 6.4, 2.0 Hz, 1H), 6.12 (d, = 2.0 Hz, 1H), 6.29 (d] = 2.0 Hz, 1H), 6.69
(dd, J = 6.8, 2.4 Hz, 2H), 6.88 (m, 2H), 7.04 (m, 3H1.Z(dd,J = 6.8, 2.0 Hz, 2H)**C NMR (100
MHz, CDCk) 6 35.7, 37.0, 47.7, 55.0, 55.6, 56.0, 78.5, 89.25,924.0, 101.7, 107.6, 112.7, 126.2,
127.1, 127.6, 127.7, 128.8, 137.6, 157.2, 158.6,016163.9, 169.5. HRMS: (M+Na) calculated for
CooH3107NNa: 528.1993, observed 528.1981; mp = 119°C-121°C.

These data are in accordance with those reported, by, S.; Fu, B.; Wang, M. A.; Li, N.; Liu, W. ;}J.
Xie, Z. Q.; Ma, Y. Q.; Qin, Z. HEur. J. Org. Chem. 2008, 1753.
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Data collection
A crystal (0.28 x 0.14 x 0.04 mm3) was placed onto the tip of a 0.1 mm diameter glass capillary tube or fiber and
mounted on a Bruker SMART APEX Il CCD Platform diffractometer for a data collection at 100.0(1) K.t A
preliminary set of cell constants and an orientation matrix were calculated from 216 reflections harvested from three
sets of 20 frames. These initial sets of frames were oriented such that orthogonal wedges of reciprocal space were
surveyed. The data collection was carried out using MoKa radiation (graphite monochromator) with a frame time
of 60 seconds and a detector distance of 5.02 cm. A randomly oriented region of reciprocal space was surveyed:
four major sections of frames were collected with 0.50° steps in  at four different ¢ settings and a detector position
of -33°in 26. The intensity data were corrected for absorption.2 Final cell constants were calculated from the xyz
centroids of 3978 strong reflections from the actual data collection after integration.® See Table 1 for additional

crystal and refinement information.

Structure solution and refinement
The structure was solved using SIR974 and refined using SHELXL-97.5 The space group P2;/c was determined
based on systematic absences and intensity statistics. A direct-methods solution was calculated which provided
most non-hydrogen atoms from the E-map. Full-matrix least squares / difference Fourier cycles were performed
which located the remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic
displacement parameters. All hydrogen atoms were found from the difference Fourier map and refined
independently from the carbon atoms with individual isotropic displacement parameters. The final full matrix least
squares refinement converged to R1 = 0.0452 (F2, | > 20(1)) and wR2 = 0.1189 (F?2, all data).

Structure description

The structure is the one suggested. All atoms lie on general positions.

Data collection, structure solution, and structure refinement were conducted at the X-ray Crystallographic Facility,
B51 Hutchison Hall, Department of Chemistry, University of Rochester. All publications arising from this report
MUST either 1) include William W. Brennessel as a coauthor or 2) acknowledge William W. Brennessel and the X-

ray Crystallographic Facility of the Department of Chemistry at the University of Rochester.
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Some equations of interest:

Rint = Z:|F02_< F02>| / Z"|F02|
Ry = ZlIF -/ / ZIR|
WR2 = [Z[w(F 2-F.2)?] / Z[W(FOZ)Z]]”2
where w = q / [6%(F,2) + (@*P)? + b*P + d + e*sin(0)]

GooF = S = [Z[w(F,2-F.2)?] / (n-p)]*?







Table 1. Crystal data and structure refinement for frojm03.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal color, morphology
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Completeness to theta = 32.57°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

frojm03

C28 H26 06

458.49

100.0(1) K

0.71073 A

Monoclinic

P2,/c

a=10.8038(10) A o =90°
b =23.985(2) A B =102.021(1)°
c=8.7832(8) A y=90°
2226.0(4) A3

4

1.368 Mg/m?3

0.096 mm-?

968

colorless, plate

0.28 x 0.14 x 0.04 mm3

1.70 to 32.57°

-16 <h<16,-36 <k<36,-13<1<13
40008

8035 [R(int) = 0.0537]

5715

99.2%

Multi-scan

0.9962 and 0.9737

Full-matrix least-squares on F2
8035/0/411

1.021

R1 =0.0452, wR2 = 0.1044
R1=0.0731, wR2 =0.1189

0.438 and -0.250 e.A3



Table 2. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A2x 103 )
for frojm03. U, is defined as one third of the trace of the orthogonalized Uj; tensor.

X y z Ueq
01 6762(1) 909(1) 7706(1) 14(1)
02 7343(1) 2844(1) 9028(1) 19(1)
03 5086(1) 2417(1) 10028(1) 20(1)
04 3571(1) 1247(1) 10459(1) 18(1)
05 3310(1) -399(1) 7408(1) 19(1)
06 10830(1) 618(1) 14012(1) 24(1)
C1 7164(1) 1369(1) 8784(1) 12(1)
C2 7603(1) 1897(1) 8036(1) 13(1)
C3 7017(1) 2357(1) 8891(1) 15(1)
C4 5928(1) 2108(1) 9433(1) 15(1)
C5 5951(1) 1549(1) 9256(1) 13(1)
C6 4463(1) 2862(1) 9029(2) 19(1)
c7 4071(1) 3297(1) 10064(2) 24(1)
C8 5152(1) 1061(1) 9048(1) 13(1)
C9 4012(1) 903(1) 9461(1) 15(1)
C10 3429(1) 412(1) 8864(1) 16(1)
c11 3978(1) 72(1) 7881(1) 15(1)
C12 5110(1) 213(1) 7450(1) 15(1)
C13 5663(1) 707(1) 8067(1) 13(1)
C14 2445(1) 1074(1) 10951(2) 22(1)
C15 3857(1) -801(1) 6537(2) 21(1)
C16 8143(1) 1153(1) 10164(1) 13(1)
C17 8654(1) 623(1) 10167(1) 14(1)
C18 9551(1) 423(1) 11428(1) 16(1)
C19 9954(1) 766(1) 12710(1) 16(1)
C20 9458(1) 1303(1) 12719(1) 19(1)
c21 8561(1) 1491(1) 11466(1) 17(1)
C22 11301(2) 60(1) 14096(2) 27(1)
C23 8995(1) 1928(1) 8015(1) 14(1)
C24 9450(1) 1587(1) 6960(1) 17(1)

c25 10732(1) 1573(1) 6930(1) 19(1)



C26 11573(1) 1911(1) 7935(2) 20(1)
c27 11133(1) 2254(1) 8982(2) 21(1)
c28 9853(1) 2259(1) 9033(1) 18(1)




Table 3. Bond lengths [A] and angles [°] for frojm03.

0(1)-C(13)
0(1)-C(1)
0(2)-C(3)
0(3)-C(4)
0(3)-C(6)
0(4)-C(9)
0(4)-C(14)
0(5)-C(11)
0(5)-C(15)
0(6)-C(19)
0(6)-C(22)
C(1)-C(5)
C(1)-C(16)
C(1)-C(2)
C(2)-C(23)
C(2)-C(3)
C(2)-H()
C(3)-C(4)
C(4)-C(5)
C(5)-C(8)
C(6)-C(7)
C(6)-H(6A)
C(6)-H(6B)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-C(13)
C(8)-C(9)
C(9)-C(10)
C(10)-C(11)
C(10)-H(10)
C(11)-C(12)
C(12)-C(13)
C(12)-H(12)

1.3785(13)
1.4599(13)
1.2190(14)
1.3602(14)
1.4537(15)
1.3596(14)
1.4349(14)
1.3579(14)
1.4320(15)
1.3715(14)
1.4277(16)
1.5177(15)
1.5243(15)
1.5479(15)
1.5094(15)
1.5418(16)
0.993(15)

1.4841(16)
1.3494(16)
1.4430(15)
1.5017(18)
1.001(17)

0.997(15)

0.987(18)

0.947(19)

1.006(19)

1.4019(15)
1.4063(15)
1.3874(16)
1.4043(17)
0.924(15)

1.3962(16)
1.3852(16)
0.991(16)

C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)
C(16)-C(17)
C(16)-C(21)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(20)-C(21)
C(20)-H(20)
C(21)-H(21)
C(22)-H(22A)
C(22)-H(22B)
C(22)-H(22C)
C(23)-C(28)
C(23)-C(24)
C(24)-C(25)
C(24)-H(24)
C(25)-C(26)
C(25)-H(25)
C(26)-C(27)
C(26)-H(26)
C(27)-C(28)
C(27)-H(27)
C(28)-H(28)

C(13)-0(1)-C(1)
C(4)-0(3)-C(6)
C(9)-0(4)-C(14)
C(11)-0(5)-C(15)

0.997(16)
1.004(17)
0.988(17)
0.961(18)
0.993(17)
0.996(16)
1.3841(15)
1.3978(16)
1.3957(16)
0.987(15)
1.3883(16)
0.994(16)
1.3951(17)
1.3810(17)
0.980(16)
0.975(15)
0.952(19)
0.992(18)
1.010(19)
1.3944(16)
1.3997(16)
1.3906(17)
0.973(16)
1.3886(18)
0.982(16)
1.3879(18)
0.997(17)
1.3931(17)
0.954(18)
0.970(16)

105.63(8)
115.59(9)
116.87(9)
118.12(9)



C(19)-0(6)-C(22)
0(1)-C(1)-C(5)
0(1)-C(1)-C(16)
C(5)-C(1)-C(16)
0(1)-C(1)-C(2)
C(5)-C(1)-C(2)
C(16)-C(1)-C(2)
C(23)-C(2)-C(3)
C(23)-C(2)-C(1)
C(3)-C(2)-C(2)
C(23)-C(2)-H(2)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
0(2)-C(3)-C(4)
0(2)-C(3)-C(2)
C(4)-C(3)-C(2)
C(5)-C(4)-0(3)
C(5)-C(4)-C(3)
0(3)-C(4)-C(3)
C(4)-C(5)-C(8)
C(4)-C(5)-C(1)
C(8)-C(5)-C(1)
O(3)-C(6)-C(7)
0(3)-C(6)-H(6A)
C(7)-C(6)-H(6A)
0(3)-C(6)-H(6B)
C(7)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(6)-C(7)-H(7A)
C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(6)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
C(13)-C(8)-C(9)
C(13)-C(8)-C(5)

117.57(10)
103.63(8)
108.81(8)
112.08(9)
114.83(9)
103.93(8)
113.11(9)
118.85(9)
116.03(9)
100.72(8)
108.9(9)
104.3(9)
106.9(9)
125.90(10)
126.46(10)
107.54(9)
128.03(10)
109.19(10)
122.77(10)
142.68(11)
110.60(9)
105.17(9)
107.37(10)
107.3(9)
111.0(9)
109.5(8)
112.8(8)
108.7(12)
110.7(10)
109.6(11)
110.6(15)
110.6(11)
106.1(15)
109.2(15)
118.29(10)
105.50(9)

C(9)-C(8)-C(5)
0(4)-C(9)-C(10)
0(4)-C(9)-C(8)
C(10)-C(9)-C(8)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10)
C(11)-C(10)-H(10)
0(5)-C(11)-C(12)
0(5)-C(11)-C(10)
C(12)-C(11)-C(10)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
0(1)-C(13)-C(12)
0(1)-C(13)-C(8)
C(12)-C(13)-C(8)
O(4)-C(14)-H(14A)
0(4)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
0(4)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
0(5)-C(15)-H(15A)
0(5)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
0(5)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
C(17)-C(16)-C(21)
C(17)-C(16)-C(1)
C(21)-C(16)-C(1)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)

135.90(10)
124.51(10)
116.54(10)
118.94(10)
120.62(11)
122.0(9)
117.3(9)
123.95(10)
113.94(10)
122.10(10)
115.62(10)
122.2(9)
122.2(9)
122.09(10)
113.44(9)
124.42(10)
104.4(9)
111.0(10)
110.2(13)
111.8(9)
108.7(13)
110.6(13)
106.5(10)
109.8(9)
108.7(14)
110.5(9)
111.9(14)
109.4(13)
118.00(10)
121.59(10)
120.41(10)
121.83(10)
119.9(9)
118.3(9)
119.25(11)
120.5(9)



C(17)-C(18)-H(18)
0(6)-C(19)-C(18)

0(6)-C(19)-C(20)

C(18)-C(19)-C(20)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(20)-C(21)-C(16)
C(20)-C(21)-H(21)
C(16)-C(21)-H(21)
0(6)-C(22)-H(22A)
0(6)-C(22)-H(22B)

H(22A)-C(22)-H(22B)

0(6)-C(22)-H(22C)

H(22A)-C(22)-H(22C)
H(22B)-C(22)-H(22C)

C(28)-C(23)-C(24)

120.2(9)
124.63(11)
115.73(10)
119.64(11)
120.21(11)
120.0(9)
119.8(9)
121.06(11)
118.7(9)
120.2(9)
106.3(11)
111.0(10)
111.5(15)
112.8(10)
108.4(15)
106.9(14)
118.60(11)

C(28)-C(23)-C(2)

C(24)-C(23)-C(2)

C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
C(26)-C(25)-C(24)
C(26)-C(25)-H(25)
C(24)-C(25)-H(25)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
C(26)-C(27)-C(28)
C(26)-C(27)-H(27)
C(28)-C(27)-H(27)
C(27)-C(28)-C(23)
C(27)-C(28)-H(28)
C(23)-C(28)-H(28)

123.42(10)
117.93(10)
121.00(11)
119.5(9)
119.5(9)
119.76(11)
120.2(9)
120.1(9)
119.82(11)
119.7(10)
120.5(10)
120.41(12)
120.4(10)
119.2(10)
120.39(11)
119.7(10)
119.9(10)



Table 4. Anisotropic displacement parameters (A2x 103) for frojm03. The anisotropic
displacement factor exponent takes the form: -272[ h? a*2U,; + ...+ 2h ka*b* U, ]

Ull U22 U33 U23 U13 U12
o1 14(1) 13(1) 15(1) -2(1) 4(1) -2(1)
02 21(1) 12(1) 24(1) 1(1) 6(1) -1(1)
03 24(1) 14(1) 26(1) 3(1) 14(1) 6(1)
04 16(1) 20(1) 19(1) -2(1) 8(1) -1(1)
05 19(1) 15(1) 22(1) -2(1) 4(1) -6(1)
06 29(1) 22(1) 16(1) 0(1) -3(1) 8(1)
c1 14(1) 11(1) 13(1) 0(1) 3(1) -1(1)
c2 14(1) 12(1) 14(1) 0(1) 4(1) -1(1)
c3 15(1) 14(1) 15(1) 1(1) 3(1) 1(1)
C4 17(1) 13(1) 17(1) 1(1) 7(1) 1(1)
c5 13(1) 14(1) 12(1) 1(1) 4(1) 0(1)
cé 18(1) 16(1) 22(1) -1(1) 4(1) 2(1)
c7 27(1) 20(1) 26(1) -3(1) 5(1) 8(1)
cs 14(1) 12(1) 14(1) 2(1) 2(1) 0(1)
c9 14(1) 16(1) 14(1) 2(1) 3(1) 1(1)
C10 14(1) 17(1) 17(1) 2(1) 3(1) -2(1)
c11 16(1) 14(1) 14(1) 2(1) 0(1) -2(1)
C12 17(1) 13(1) 15(1) 1(1) 2(1) -1(1)
C13 12(1) 14(1) 13(1) 2(1) 2(1) -1(1)
Cl4 17(1) 27(1) 23(1) 2(1) 10(1) 0(1)
c15 24(1) 16(1) 22(1) -3(1) 2(1) -3(1)
C16 13(1) 13(1) 14(1) 1(1) 4(1) 0(1)
c17 15(1) 14(1) 15(1) -2(1) 4(1) 0(1)
c18 16(1) 15(1) 18(1) -1(1) 4(1) 2(1)
C19 16(1) 18(1) 14(1) 2(1) 3(1) 2(1)
C20 24(1) 16(1) 15(1) -2(1) 2(1) 2(1)
c21 22(1) 13(1) 16(1) 0(1) 4(1) 2(1)
c22 33(1) 26(1) 20(1) 3(1) 1(1) 14(1)
c23 15(1) 12(1) 14(1) 2(1) 4(1) -1(1)
C24 18(1) 18(1) 14(1) -1(1) 4(1) 0(1)

c25 20(1) 22(1) 16(1) 1(1) 7(1) 3(1)



C26 15(1) 23(1) 22(1) 3(1) 6(1) 0(1)
c27 17(1) 20(1) 25(1) -4(1) 4(1) -4(1)
c28 18(1) 15(1) 21(1) -3(1) 6(1) -1(1)




Table 5. Hydrogen coordinates (x 10 4) and isotropic displacement parameters (A2 x 103)

for frojm03.

X y z U(eq)
H2 7109(15) 1914(6) 6948(18) 21(4)
HE6A 3708(16) 2695(7) 8319(19) 28(4)
H6B 5049(14) 3010(6) 8388(17) 16(3)
H7A 3536(17) 3584(7) 9440(20) 36(5)
H7B 4799(18) 3462(8) 10690(20) 39(5)
H7C 3539(18) 3127(8) 10760(20) 42(5)
H10 2685(14) 288(6) 9113(17) 20(4)
H12 5497(15) -25(6) 6754(19) 23(4)
H14A 2263(15) 1384(7) 11630(18) 23(4)
H14B 2591(16) 717(7) 11560(20) 30(4)
H14C 1721(16) 1035(7) 10062(19) 25(4)
H15A 3297(17) -1117(7) 6390(20) 32(4)
H15B 4695(16) -920(6) 7144(19) 25(4)
H15C 3961(15) -639(7) 5526(19) 23(4)
H17 8390(14) 378(6) 9256(17) 17(4)
H18 9871(15) 35(7) 11423(18) 23(4)
H20 9752(15) 1548(7) 13613(18) 23(4)
H21 8201(14) 1861(6) 11519(17) 17(4)
H22A 11789(18) 13(7) 15120(20) 40(5)
H22B 11816(16) -6(7) 13300(20) 32(4)
H22C 10604(17) -229(8) 13920(20) 35(5)
H24 8860(15) 1357(6) 6234(18) 21(4)
H25 11039(15) 1328(7) 6193(18) 24(4)
H26 12493(16) 1906(7) 7924(19) 30(4)
H27 11707(16) 2482(7) 9690(20) 32(5)
H28 9557(15) 2498(7) 9773(19) 24(4)




Table 6. Torsion angles [°] for frojm03.

C13-01-C1-C5
C13-01-C1-C16
C13-01-C1-C2
01-C1-C2-C23
C5-C1-C2-C23
C16-C1-C2-C23
01-C1-C2-C3
C5-C1-C2-C3
C16-C1-C2-C3
C23-C2-C3-02
C1-C2-C3-02
C23-C2-C3-C4
C1-C2-C3-C4
C6-03-C4-C5
C6-03-C4-C3
02-C3-C4-C5
C2-C3-C4-C5
02-C3-C4-03
C2-C3-C4-03
03-C4-C5-C8
C3-C4-C5-C8
03-C4-C5-C1
C3-C4-C5-C1
01-C1-C5-C4
C16-C1-C5-C4
C2-C1-C5-C4
01-C1-C5-C8
C16-C1-C5-C8
C2-C1-C5-C8
C4-03-C6-C7
C4-C5-C8-C13
C1-C5-C8-C13
C4-C5-C8-C9
C1-C5-C8-C9

-23.12(10)
96.30(10)
-135.78(9)
-90.47(11)
157.05(9)
35.25(13)
139.82(9)
27.34(10)
-94.46(10)
31.70(17)
159.58(11)
-151.82(10)
-23.93(11)
-125.23(13)
55.94(15)
-172.50(12)
10.99(13)
6.53(19)
-169.98(10)
26.3(2)
-154.76(15)
-171.15(11)
7.81(13)
-143.58(9)
99.26(11)
-23.22(12)
25.57(10)
-91.58(10)
145.94(9)
-154.76(11)
144.90(16)
-18.22(11)
-28.3(3)
168.59(13)

C14-04-C9-C10
C14-04-C9-C8
C13-C8-C9-04
C5-C8-C9-04
C13-C8-C9-C10
C5-C8-C9-C10
04-C9-C10-C11
C8-C9-C10-C11
C15-05-C11-C12
C15-05-C11-C10
C9-C10-C11-05
C9-C10-C11-C12
05-C11-C12-C13
C10-C11-C12-C13
C1-01-C13-C12
C1-01-C13-C8
C11-C12-C13-01
C11-C12-C13-C8
C9-C8-C13-01
C5-C8-C13-01
C9-C8-C13-C12
C5-C8-C13-C12
01-C1-C16-C17
C5-C1-C16-C17
C2-C1-C16-C17
01-C1-C16-C21
C5-C1-C16-C21
C2-C1-C16-C21
C21-C16-C17-C18
C1-C16-C17-C18
C16-C17-C18-C19
C22-06-C19-C18
C22-06-C19-C20
C17-C18-C19-06

1.91(16)
-176.78(10)
177.67(10)

-9.79(19)

-1.10(16)
171.45(12)
-177.71(10)

0.96(17)

6.21(16)
-173.60(10)
179.06(10)

-0.75(17)
-179.14(10)

0.65(16)
-169.68(10)

12.87(12)
-178.00(10)

-0.84(16)

178.47(9)

3.84(13)

1.09(17)
-173.53(11)

9.05(14)
123.06(11)
-119.84(11)
-171.56(10)
-57.55(13)

59.55(13)

0.60(17)
180.00(10)

-0.65(17)

-4.11(18)
175.97(12)
-179.87(11)



C17-C18-C19-C20
06-C19-C20-C21
C18-C19-C20-C21
C19-C20-C21-C16
C17-C16-C21-C20
C1-C16-C21-C20
C3-C2-C23-C28
C1-C2-C23-C28
C3-C2-C23-C24

0.04(17)
-179.48(11)
0.59(18)
-0.65(19)
0.05(17)
-179.36(11)
16.89(16)
-103.46(12)
-165.86(10)

C1-C2-C23-C24
C28-C23-C24-C25
C2-C23-C24-C25
C23-C24-C25-C26
C24-C25-C26-C27
C25-C26-C27-C28
C26-C27-C28-C23
C24-C23-C28-C27
C2-C23-C28-C27

73.79(13)
0.57(17)
-176.82(10)
-1.54(18)
1.17(18)
0.13(19)
-1.11(19)
0.75(17)
177.98(11)
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Data collection
A crystal (0.24 x 0.06 x 0.05 mm?) was placed onto the tip of a 0.1 mm diameter glass capillary tube or fiber and
mounted on a Bruker SMART APEX Il CCD Platform diffractometer for a data collection at 100.0(1) K.1 A
preliminary set of cell constants and an orientation matrix were calculated from reflections harvested from three
orthogonal wedges of reciprocal space. The full data collection was carried out using MoK, radiation (graphite
monochromator) with a frame time of 60 seconds and a detector distance of 3.99 cm. A randomly oriented region
of reciprocal space was surveyed: three major sections of frames were collected with 0.50° steps in w at three
different ¢ settings and a detector position of -38°in 26. The intensity data were corrected for absorption.2 Final
cell constants were calculated from the xyz centroids of 2737 strong reflections from the actual data collection after

integration.3 See Table 1 for additional crystal and refinement information.

Structure solution and refinement
The structure was solved using SIR974 and refined using SHELXL-97.5 The space group P-1 was determined
based on the lack of systematic absences and intensity statistics. A direct-methods solution was calculated which
provided most non-hydrogen atoms from the E-map. Full-matrix least squares / difference Fourier cycles were
performed which located the remaining non-hydrogen atoms.  All non-hydrogen atoms were refined with
anisotropic displacement parameters. The hydroxyl hydrogen atom was found from the difference Fourier map and
refined independently from O3, with an individual isotropic displacement parameter. All other hydrogen atoms
were placed in ideal positions and refined as riding atoms with relative isotropic displacement parameters. The
final full matrix least squares refinement converged to R1 = 0.0583 (F2, | > 25(l)) and wR2 = 0.1494 (F2, all data).

Structure description
The structure is the one suggested with all atoms in general positions. The molecules are ordered in pairs through

bi-directional hydrogen bonding (see diagram and Table 7).

Unless noted otherwise all structural diagrams containing thermal displacement ellipsoids are drawn at the 50 %

probability level.

Data collection, structure solution, and structure refinement were conducted at the X-ray Crystallographic Facility,
B51 Hutchison Hall, Department of Chemistry, University of Rochester.  All publications arising from this report
MUST either 1) include William W. Brennessel as a coauthor or 2) acknowledge William W. Brennessel and the

X-ray Crystallographic Facility of the Department of Chemistry at the University of Rochester.
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Some equations of interest:

Ry = ZIF < F,2>| 1 Z|F 2|
R1 =3||F -|F |l / Z|F,)|
WR2 = [Z[w(F2-F.2)?] | Z[w(F2)?]]V2
where w = 1/ [¢%(F,?) + (aP)? + bP] and
P=1/3max (0, F %) + 213 F 2
GOF =S = [Z[w(F 2-F 2)?] / (m-n)]*2

where m = number of reflections and n = number of parameters

)
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Table 1. Crystal data and structure refinement for frojm09.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal color, morphology
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Completeness to theta = 29.57°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

frojm09

C27H21F309S

578.50

100.0(1) K

0.71073 A

Triclinic

P-1

a=9.0885(14) A a = 85.558(3)°
b =9.8939(15) A B =79.432(3)°
c=14.454(2) A y = 77.598(3)°
1246.9(3) A3

2

1.541 Mg/m3

0.209 mm-?

596

pale yellow, needle

0.24 x 0.06 x 0.05 mm3

1.43t0 29.57°
-12<h<12,-13<k<13,-20<1<20
14383

6890 [R(int) = 0.0779]

3660

98.4%

Multi-scan

0.9896 and 0.9516

Full-matrix least-squares on F2

6890 /0 /368

0.960

R1 =0.0583, wR2 = 0.1123
R1=0.1319, wR2 = 0.1494

0.350 and -0.387 e.A3



Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x 103)
for frojm09. Uy, is defined as one third of the trace of the orthogonalized Uj; tensor.

X y z Ueq
S1 -1740(1) 1645(1) 8999(1) 20(1)
F1 -2749(3) -519(2) 9697(1) 46(1)
F2 -3735(2) 452(2) 8512(2) 43(1)
F3 -1444(3) -754(2) 8300(2) 41(1)
01 3249(2) 2510(2) 6111(1) 17(1)
02 -1165(2) 662(2) 6299(1) 19(1)
03 2034(2) 17(2) 5390(1) 18(1)
04 -564(2) 2447(2) 4403(1) 20(1)
05 2428(2) 5886(2) 3564(1) 22(1)
06 6467(2) -3073(2) 7842(2) 30(1)
o7 -1564(2) 2270(2) 7957(1) 19(1)
08 -312(3) 1197(2) 9291(2) 29(1)
09 -2964(2) 2571(2) 9513(1) 26(1)
C1 2355(3) 1526(3) 6575(2) 16(1)
C2 1157(3) 2238(3) 7365(2) 16(1)
C3 -186(3) 1917(3) 7322(2) 16(1)
C4 -165(3) 1195(3) 6470(2) 17(2)
C5 1370(3) 1250(3) 5852(2) 16(1)
C6 1377(3) 2538(3) 5236(2) 16(1)
C7 566(3) 3091(3) 4517(2) 17(2)
C8 949(3) 4216(3) 3977(2) 18(1)
C9 2145(3) 4791(3) 4150(2) 18(1)
C10 2966(3) 4266(3) 4864(2) 18(1)
c1u 2526(3) 3148(3) 5389(2) 16(1)
C12 -1274(4) 2846(3) 3591(2) 25(1)
C13 3696(4) 6464(3) 3669(2) 26(1)
C15 1510(3) 3136(3) 8016(2) 18(1)
C16 2903(4) 2855(3) 8325(2) 25(1)
C17 3225(4) 3739(4) 8922(2) 32(1)
C18 2173(4) 4935(4) 9190(2) 33(1)

C19 793(4) 5244(3) 8869(2) 27(1)



C20
Cc21
C22
C23
C24
C25
C26
Cc27
C28

446(4)
3418(3)
4920(3)
5895(4)
5388(3)
3887(3)
2913(3)
5930(5)

-2469(4)

4343(3)
275(3)
-87(3)

-1222(3)
-2019(3)
-1694(3)

-541(3)

-4019(4)

102(4)

8294(2)
6919(2)
6461(2)
6786(2)
7554(2)
8002(2)
7677(2)
8537(3)
8864(2)

21(1)
16(1)
21(1)
24(1)
21(1)
23(1)
20(1)
59(1)
30(1)




Table 3.  Bond lengths [A] and angles [°] for frojm09.

S(1)-0(8) 1.408(2) C(10)-H(10) 0.9500
S(1)-0(9) 1.412(2) C(12)-H(12A) 0.9800
S(1)-0(7) 1.577(2) C(12)-H(12B) 0.9800
S(1)-C(28) 1.826(3) C(12)-H(12C) 0.9800
F(1)-C(28) 1.317(4) C(13)-H(13A) 0.9800
F(2)-C(28) 1.311(4) C(13)-H(13B) 0.9800
F(3)-C(28) 1.319(4) C(13)-H(13C) 0.9800
0(1)-C(11) 1.375(3) C(15)-C(16) 1.385(4)
0(1)-C(1) 1.448(3) C(15)-C(20) 1.400(4)
0(2)-C(4) 1.213(3) C(16)-C(17) 1.383(4)
0(3)-C(5) 1.401(3) C(16)-H(16) 0.9500
0(3)-H(@3) 0.79(4) C(17)-C(18) 1.384(5)
0(4)-C(7) 1.359(3) C(17)-H(17) 0.9500
0(4)-C(12) 1.431(3) C(18)-C(19) 1.382(5)
0(5)-C(9) 1.362(3) C(18)-H(18) 0.9500
0(5)-C(13) 1.427(4) C(19)-C(20) 1.384(4)
0(6)-C(24) 1.366(4) C(19)-H(19) 0.9500
0(6)-C(27) 1.412(4) C(20)-H(20) 0.9500
0(7)-C(3) 1.404(3) C(21)-C(26) 1.379(4)
C(1)-C(21) 1.510(4) C(21)-C(22) 1.387(4)
C(1)-C(2) 1.525(4) C(22)-C(23) 1.382(4)
C(1)-C(5) 1.569(4) C(22)-H(22) 0.9500
C(2)-C(3) 1.339(4) C(23)-C(24) 1.379(4)
C(2)-C(15) 1.462(4) C(23)-H(23) 0.9500
C(3)-C(4) 1.466(4) C(24)-C(25) 1.379(4)
C(4)-C(5) 1.522(4) C(25)-C(26) 1.393(4)
C(5)-C(6) 1.497(4) C(25)-H(25) 0.9500
C(6)-C(11) 1.371(4) C(26)-H(26) 0.9500
C(6)-C(7) 1.394(4) C(27)-H(27D) 0.9800
C(7)-C(8) 1.380(4) C(27)-H(27A) 0.9800
C(8)-C(9) 1.398(4) C(27)-H(27B) 0.9800
C(8)-H(8) 0.9500 0(8)-S(1)-0(9) 122.88(14)
C(9)-C(10) 1.387(4) 0(8)-S(1)-0(7) 111.65(12)

C(10)-C(11) 1.380(4) 0(9)-S(1)-0(7) 105.38(12)



0(8)-S(1)-C(28)
0(9)-S(1)-C(28)
0(7)-S(1)-C(28)
C(11)-0(1)-C(1)
C(5)-0(3)-H(3)
C(7)-0(4)-C(12)
C(9)-0(5)-C(13)
C(24)-0(6)-C(27)
C(3)-0(7)-S(1)
0(1)-C(1)-C(21)
0(1)-C(1)-C(2)
C(21)-C(1)-C(2)
0(1)-C(1)-C(5)
C(21)-C(1)-C(5)
C(2)-C(1)-C(5)
C(3)-C(2)-C(15)
C(3)-C(2)-C(1)
C(15)-C(2)-C(1)
C(2)-C(3)-0(7)
C(2)-C(3)-C(4)
O(7)-C(3)-C(4)
0(2)-C(4)-C(3)
0(2)-C(4)-C(5)
C(3)-C(4)-C(5)
0(3)-C(5)-C(6)
0(3)-C(5)-C(4)
C(6)-C(5)-C(4)
0(3)-C(5)-C(1)
C(6)-C(5)-C(2)
C(4)-C(5)-C(1)
C(11)-C(6)-C(7)
C(11)-C(6)-C(5)
C(7)-C(6)-C(5)
0(4)-C(7)-C(8)
0(4)-C(7)-C(6)
C(8)-C(7)-C(6)

107.38(16)
106.30(15)
101.00(13)
106.6(2)
110(3)
117.6(2)
117.2(2)
116.4(3)
121.14(17)
109.0(2)
108.9(2)
113.0(2)
106.2(2)
116.1(2)
103.1(2)
128.9(3)
108.5(2)
122.6(3)
127.3(3)
113.3(3)
119.3(2)
126.9(3)
127.5(3)
105.6(2)
114.7(2)
112.7(2)
114.2(2)
111.2(2)
99.6(2)
102.8(2)
118.4(3)
109.2(2)
131.9(3)
124.8(3)
115.7(3)
119.4(3)

C(7)-C(8)-C(9)
C(7)-C(8)-H(8)
C(9)-C(8)-H(8)
0(5)-C(9)-C(10)
0(5)-C(9)-C(8)
C(10)-C(9)-C(8)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(6)-C(11)-O(1)
C(6)-C(11)-C(10)
0(1)-C(11)-C(10)
0(4)-C(12)-H(12A)
0(4)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
0(4)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
0(5)-C(13)-H(13A)
0(5)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(5)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
C(16)-C(15)-C(20)
C(16)-C(15)-C(2)
C(20)-C(15)-C(2)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)

120.0(3)
120.0
120.0
123.6(3)
114.7(2)
121.7(3)
115.9(3)
122.1
122.1
113.2(2)
124.5(3)
122.3(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.2(3)
121.5(3)
119.2(3)
120.4(3)
119.8
119.8
120.1(3)
120.0
120.0
120.1(3)
120.0
120.0



C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
C(19)-C(20)-C(15)
C(19)-C(20)-H(20)
C(15)-C(20)-H(20)
C(26)-C(21)-C(22)
C(26)-C(21)-C(1)

C(22)-C(21)-C(1)

C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
0(6)-C(24)-C(25)

0(6)-C(24)-C(23)

C(25)-C(24)-C(23)

120.1(3)
119.9
119.9
120.1(3)
120.0
120.0
118.8(3)
121.0(3)
120.2(2)
120.0(3)
120.0
120.0
120.7(3)
119.6
119.6
124.3(3)
115.8(3)
119.9(3)

C(24)-C(25)-C(26)
C(24)-C(25)-H(25)
C(26)-C(25)-H(25)
C(21)-C(26)-C(25)
C(21)-C(26)-H(26)
C(25)-C(26)-H(26)
0(6)-C(27)-H(27D)
0(6)-C(27)-H(27A)

H(27D)-C(27)-H(27A)

0(6)-C(27)-H(27B)

H(27D)-C(27)-H(27B)
H(27A)-C(27)-H(27B)

F(2)-C(28)-F(1)
F(2)-C(28)-F(3)
F(1)-C(28)-F(3)
F(2)-C(28)-S(1)
F(1)-C(28)-S(1)
F(3)-C(28)-S(1)

119.1(3)
1205
1205
121.4(3)
119.3
119.3
109.5
109.5
109.5
109.5
109.5
109.5
109.3(3)
109.5(3)
109.2(3)
110.0(2)
108.8(2)
110.0(2)



Table 4.

Anisotropic displacement parameters (A2x 103) for frojm09. The anisotropic
displacement factor exponent takes the form: -2n?[ h? a*2U,; + ... + 2hka*b* U, ]

Ull U22 U33 U23 U13 U12
s1 23(1) 23(1) 14(1) 2(1) -4(1) -7(1)
F1 63(2) 42(1) 34(1) 12(1) 0(1) -27(1)
F2 39(1) 44(1) 55(1) -5(1) -16(1) -20(1)
F3 54(1) 24(1) 43(1) -7(1) 2(1) -8(1)
o1 19(1) 19(1) 14(1) 3(1) -5(1) -7(1)
02 23(1) 22(1) 16(1) 1(1) -7(1) -9(1)
03 22(1) 16(1) 16(1) -1(1) -7(1) -4(1)
04 27(1) 21(1) 17(1) 4(1) -11(1) -11(1)
05 23(1) 23(1) 23(1) 8(1) -7(1) -10(1)
06 23(1) 28(1) 31(1) 11(1) 0(1) 4(1)
07 19(1) 23(1) 12(1) 3(1) -2(1) -2(1)
08 26(1) 38(1) 23(1) 11(1) -9(1) -8(1)
09 32(1) 28(1) 17(1) -4(1) 3(1) -5(1)
c1 19(2) 17(2) 13(1) 2(1) -3(1) -7(1)
c2 21(2) 15(1) 12(1) 4(1) -7(1) -3(1)
Cc3 20(2) 16(1) 11(1) 3(1) -3(1) -4(1)
c4 22(2) 14(1) 16(1) 5(1) -6(1) -5(1)
c5 20(2) 17(2) 12(1) 1(1) -5(1) -5(1)
Ccé 19(2) 16(2) 13(1) 0(1) -2(1) -4(1)
c7 19(2) 15(1) 16(1) -1(1) -3(1) -3(1)
c8 20(2) 19(2) 16(1) 1(1) -5(1) -2(1)
c9 18(2) 19(2) 15(1) 3(1) -2(1) -3(1)
C10 17(2) 18(2) 21(2) 1(1) -4(1) -7(1)
c11 18(2) 16(2) 11(1) 0(1) -2(1) 0(1)
c12 31(2) 24(2) 24(2) 4(1) -15(1) -10(1)
C13 22(2) 26(2) 31(2) 12(1) -5(1) -9(1)
Cc15 24(2) 18(2) 12(1) 0(1) -2(1) -8(1)
C16 26(2) 28(2) 24(2) -6(1) -6(1) -5(1)
c17 26(2) 42(2) 33(2) -10(2) -13(2) -9(2)
Cc18 40(2) 34(2) 28(2) -9(2) -5(2) -16(2)
C19 38(2) 20(2) 21(2) -4(1) 1(1) 7(2)



C20
Cc21
C22
C23
C24
C25
C26
c27
C28

27(2)
21(2)
26(2)
20(2)
22(2)
24(2)
16(2)
38(2)
36(2)

20(2)
14(1)
20(2)
24(2)
20(2)
22(2)
23(2)
52(3)
26(2)

14(1)
15(1)
17(1)
23(2)
20(1)
19(2)
21(2)
60(3)
29(2)

3(1)
1(2)
4Q1)
0(1)
4(1)
9(1)
4(1)
38(2)
2(2)

-1(1)
-5(1)
-1(1)

3(1)

7(1)
-1(1)
-2(1)

8(2)

-3(2)

-7(1)
-4(1)
-5(1)
0(1)
(1)
-4(1)
-5(1)
172)
-11(2)




Table 5. Hydrogen coordinates (x 10 4) and isotropic displacement parameters (A2 x 103)

for frojm09.
X y z U(eq)

H3 1560(40) -80(40) 5000(30) 42(12)
H8 399 4601 3487 22
H10 3780 4652 4985 22
H12A -2049 2295 3585 37
H12B -499 2686 3021 37
H12C -1762 3831 3612 37
H13A 3785 7234 3208 39
H13B 4636 5751 3566 39
H13C 3537 6804 4307 39
H16 3642 2050 8126 30
H17 4170 3524 9148 39
H18 2400 5545 9595 39
H19 81 6075 9043 32
H20 -515 4545 8088 25
H22 5278 446 5925 26
H23 6927 -1456 6475 29
H25 3523 -2249 8524 27
H26 1879 -312 7985 24
H27D 6786 -4762 8657 88
H27A 5163 -4416 8316 88

H27B 5467 -3536 9119 88




Table 6. Torsion angles [°] for frojm09.

08-51-07-C3
09-51-07-C3
C28-51-07-C3
Cl1-01-C1-C21
C11-01-C1-C2
C11-01-C1-C5
01-C1-C2-C3
C21-C1-C2-C3
C5-C1-C2-C3
01-C1-C2-C15
C21-C1-C2-C15
C5-C1-C2-C15
C15-C2-C3-07
C1-C2-C3-07
C15-C2-C3-C4
C1-C2-C3-C4
S1-07-C3-C2
S1-07-C3-C4
C2-C3-C4-02
07-C3-C4-02
C2-C3-C4-C5
07-C3-C4-C5
02-C4-C5-03
C3-C4-C5-03
02-C4-C5-C6
C3-C4-C5-C6
02-C4-C5-C1
C3-C4-C5-C1
01-C1-C5-03
C21-C1-C5-03
C2-C1-C5-03
01-C1-C5-C6
C21-C1-C5-C6
C2-C1-C5-C6

22.7(2)
158.4(2)
-91.2(2)
145.8(2)
-90.4(2)
20.0(3)
134.4(2)
-104.3(3)
21.9(3)
-44.2(3)
77.1(3)
-156.7(2)
-6.6(5)
175.0(2)
169.2(3)
-9.2(3)
-67.1(4)
117.3(2)
171.8(3)
-12.1(4)
-8.0(3)
168.2(2)
-39.2(4)
140.6(2)
94.1(4)
-86.2(3)
-159.1(3)
20.7(3)
99.3(2)
-22.0(3)
-146.2(2)
-22.1(3)
-143.4(2)
92.4(2)

01-C1-C5-C4
C21-C1-C5-C4
C2-C1-C5-C4
03-C5-C6-C11
C4-C5-C6-C11
C1-C5-C6-C11
03-C5-C6-C7
C4-C5-C6-C7
C1-C5-C6-C7
C12-04-C7-C8
C12-04-C7-Co6
C11-C6-C7-04
C5-C6-C7-04
C11-Ce6-C7-C8
C5-C6-C7-C8
04-C7-C8-C9
C6-C7-C8-C9
C13-05-C9-C10
C13-05-C9-C8
C7-C8-C9-05
C7-C8-C9-C10
05-C9-C10-C11
C8-C9-C10-C11
C7-C6-C11-01
C5-C6-C11-01
C7-C6-C11-C10
C5-C6-C11-C10
C1-01-C11-C6
C1-01-C11-C10
C9-C10-C11-C6
C9-C10-C11-01
C3-C2-C15-C16
C1-C2-C15-C16
C3-C2-C15-C20

-139.8(2)
98.9(3)
-25.3(3)

-101.9(3)
125.7(3)
16.9(3)
70.7(4)
-61.6(4)

-170.4(3)

8.5(4)
-171.0(3)
-179.7(2)

8.2(5)

0.7(4)
-171.4(3)
-179.3(3)

0.2(4)

3.5(4)

-176.3(3)
179.3(3)
-0.6(4)

-179.8(3)

0.0(4)

-179.7(2)
-5.9(3)
-1.4(4)
172.4(3)
-9.5(3)
172.2(3)

1.0(4)

179.1(3)
145.6(3)
-36.2(4)
-37.7(4)



C1-C2-C15-C20
C20-C15-C16-C17
C2-C15-C16-C17
C15-C16-C17-C18
C16-C17-C18-C19
C17-C18-C19-C20
C18-C19-C20-C15
C16-C15-C20-C19
C2-C15-C20-C19
01-C1-C21-C26
C2-C1-C21-C26
C5-C1-C21-C26
01-C1-C21-C22
C2-C1-C21-C22
C5-C1-C21-C22
C26-C21-C22-C23
C1-C21-C22-C23
C21-C22-C23-C24

140.5(3)
1.6(5)
178.4(3)
-2.0(5)
0.6(5)
1.3(5)
-1.7(4)
0.2(4)
-176.6(3)
153.8(3)
32.5(4)
-86.4(3)
-27.4(4)
-148.6(3)
92.5(3)
-2.0(4)
179.1(3)
1.0(5)

C27-06-C24-C25
C27-06-C24-C23
C22-C23-C24-06
C22-C23-C24-C25
06-C24-C25-C26
C23-C24-C25-C26
C22-C21-C26-C25
C1-C21-C26-C25
C24-C25-C26-C21
08-S1-C28-F2
09-51-C28-F2
07-51-C28-F2
08-51-C28-F1
09-51-C28-F1
07-S1-C28-F1
08-51-C28-F3
09-51-C28-F3
07-51-C28-F3

11.5(5)
-171.1(3)
-176.9(3)

0.7(5)
176.0(3)

-1.3(5)

1.4(4)
-179.7(3)

0.2(5)
-174.4(2)

52.4(3)
-57.4(2)

65.8(3)
-67.4(3)
-177.1(2)
-53.7(3)
173.1(2)

63.3(2)

Table 7. Hydrogen bonds and close contacts for frojm09 [A and °].

D-H..A

d(D-H)

d(D...A)

03-H3...02#1

0.79(4)

2.868(3)

Symmetry transformations used to generate equivalent atoms:

#1 -X,-y,-z+1
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