


|. General information

All reactions were conducted under drydtimosphere is ¢ h | e nCka tt aul byesamsierciaé r e
available. Commercially obtained reagents were used without purification. Reaction starting materials
were prepared as depicted in the literatdté, 2*C NMR spectra were recorded on the Bruker
AVANCE 400 (400 MHz fortH; 101 MHz for*3C C; 376 MHz for BF) and Bruker AVANCE 500
(500 MHz forH; 126 MHz for3C; 471 MHz for 19F, *H NMR and**C NMR chemical shifts
were determined relative to internal standard TM$0a0. Chemical shiftslij are reported in ppm,
and coupling constantd)(are inHertz (Hz). The following abbreviations were used to explain the
multiplicities: s = singlet, d =doublet, t = triplet, g = quartet, m = multiplet, br = broad. Infrared (IR)
spectra are recorded on a Nicolet 210 spectrophotometer and were recorded ilmpoiasside
(KBr) pellet. Mass spectra (MS) were obtained using ESI and DART mass spectrdiedtiag
points were determined using a hot stage apparatus. All reagents were used as received from
commercial sources, unless specified otherwise, or prepargescribed in the literature.

II. General Experimental Procedure

1.Gener al procedure foll preparation of enyn:
j\ PBr; (2.7 eq.), DMF (3.0 eq.) fo
R Me CHCI3, 0°Ctort.,8h,71-88% R’ Br
Step 1 s1
=—TMS (1.2 eq.) T™MS  K,C0; (1.0 eq.)
O OH 2 3
1 - el
R2 O R3 n-Buli (1.1 eq.) R SR3 MeOH, rt., 2 h ) s
THF, -78 °Ctort, 8 h 91 -97% R
67 -78% s2 s3
Step 2 Step 3
R1
Pd(PPhs),Cl, (1 mol%)
o OH_~ Cul (15 mol%) -
0. ¥ - o e,
; Br R2 O R3 i-Pr,NH (1.0 eq.), 0 °C to rt. O
R THF, 44 - 87% HO—(—R?
Step 4 R®
S$1 S3 1

Gener al procedur érfoowmo mrl(efdehryadtei on o f

To a mixture o€EthDMFof{8r ,hh €QPB(aZvii7 weacs. )a dddreadp wi s e at
the mixture washesftoirrer etdh &f eotr gLd6eDY) i.eojinhef r esul ting sol u
stirred for 8 h at room t empermdauwtrreailtied esdods,i idt NvaadsC Op «
and extracted with dichl owiotmetdasnat uThteed xNa@lcts avlas
anhydrouys avwgdSCG onc e rtdua ted dPprificatemaf theecrude product by flash
column chromatographfgilica gel, petroleum etheg/t h y | =2@1¢ gawal1with 71- 88% yield.

Gener al procedur e rfoprarmryd @&r atl icorh od f

Trimethyl sill gJveeage tdil el We &) iMammd THiFre (sol-uti on was
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78 . To thi BudsdglluiitthRedM( i n hexane) was added. Afte
mi nut-#& ,kaett @An @) ewa s Thededudtidg. mixture was allowed to warmed up to room

temperaturé o8rh |, and then the reacti o@l( @@ s agqude necxhterda chtye ds at
ti mes with ether. The combi nednadr garei c ollavyeenrt weass dre
a reduced pressure. Thechreematuegmmamsh wwmi éti kar begt ktyll
=1@Q) to affoB2d 6i7MBla)sieamredange oi |

Gener al procedur e rfoprarmryd @&r atlicorh od f

I'n a 25tenclk oonoeund bottom flask equiPpPa&dOowegh) magade:!
MeOH (1.0 M). To this €68f(1tr0nggm) xandet wassaddedo K
mi n, when TLC indicated the reaction was complete.
extracted (GB) ] @b6i @, anySc®ncentrated under vacuum.
purifisld bkrédmat ography ( pextbrlg | & wB5ye®ttHaMm)/s e tamy | acet
orange oil

Gener al procedur erfedry fB.lepar ati on of

The br omo 2elqd e h yadhed (plr.o pCerqg ywe rce apdlceocheod i(nl.a cl ean
rouvinadt t om fl ask equipped wit HPsH(slt.iOweebhgar)addednuadkey
a nitrogen atmosphere, and the fl ask wasg@iool ed t o
(1 mol %) were placed it heaRedchACom Hpragkesshemsat
by 4 ayer chromatography (TLC) analysis. After compl
reaction was quensghednuwe telxwswmlcueahgtd BEetate (Et OAc
organic |l ayer was wash,edamwd tcorbhae mter,atdad .edT HeMgceSrOu d e
purified by flashpehromatmge phlyi e luywie aacse tedtueent t
t heey nA(l 459 1 %)

[ °
%OH

(Z3(hydroxycyGpbeereynkybynad

Yield: 56%, yellow oil, R = 0.34 (petroleum ether/AcOEt = 5:1).

IHNMR (400 MHz,CDCls)t 10. 22 (d, J 1 #Z698m,PH), A42,7.34(M,)3H), 670 7 4

(d, J=8.0 Hz, 1H), 3.59 (brs, 1H), 2.0&.06 (m, 4H), 1.96 1.87 (m, 2H), 1.8% 1.73 (m, 2H).
BCNMR (101 MHz,CDCle)t 193. 7, 193.7, 142. 772 1035778,747,31.1, 13
42.4, 23.6.

HRMS (ESI) ([M+H]*) Calcd. for CieH1702]*: 241.1223 Found.241.1218.

B
%OH

(2)-5-(1-hydroxycyclopentyl)-3-(p-tolyl)pent-2-en-4-ynal (1b)

Yield: 55%, yellow oil, R = 0.33 (petroleum ether/AcOEt = 5:1).

H NMR (400 MHz, CDCl3) i 1 0 . J2=3.0 fizd 1H), 7.64 (d] = 7.9 Hz, 2H), 7.20 (d] = 8.0 Hz,
2H), 6.70 (dJ = 8.1 Hz, 1H), 2.37 (s, 3H), 2.11 {t= 6.5 Hz, 4H), 1.97 1.88 (m, 2H), 1.85 1.75 (m,
2H).



3C NMR (101 MHz, CDCl;)i 193.7, 142.7, 141.8, 132.6, 130.0, 1:
23.6, 21.4.
HRMS (ESI) (IM+H]*) Calcd. for Ci7H1602]*: 255.1380 Found.255.13@.

B
% OH
HyCO

(2)-5-(1-hydroxycyclopentyl)-3-(4-methoxyphenyl)pent2-en-4-ynal (1¢)

Yield: 67%, yellow oil, R = 0.33 (petroleum ether/AcOEt = 5:1)

'H NMR (400 MHz, CDCl3) i 1 0 .JZ8.0 Hzd1lH), 7.7% 7.70 (m, 2H), 6.97 6.89 (m, 2H), 6.67

(d,J=8.0 Hz, 1H), 3.85 (s, 3H), 2.40 (brs, 1H), 2i12.08 (m, 4H), 1.97 1.88 (m, 2H), 1.88 1.77

(m, 2H).

3C NMR (101 MHz, CDCl3) *3C NMR (101 MHz,CDG)i 193 . 4, 1621289,121.81. 9, 129
114.3, 106.1, 78.1, 74.9, 55.5, 42.5, 23.6, 23.5.

HRMS (ESI) ([M+H]*) Calcd. for Ci7H1903]*: 271.1329 Found.271.131

B
%OH
F

(2)-3-(4-fluorophenyl)-5-(1-hydroxycyclopentyl)pent-2-en-4-ynal (1d)

Yield: 68%, yellow oil, R = 0.33 (petroleum ether/AcOEt = 3:1)

IH NMR (400 MHz, CDCl3)) U 1 0= 728Hz, (H),,7.84 7.64 (m, 2H), 7.11 (t) = 8.4 Hz, 2H),
6.67 (d,J = 7.9 Hz, 1H), 2.64 (brs, 1H), 2.11 {= 6.4 Hz, 4H), 1.92 (qd] = 10.5, 8.9, 5.2 Hz, 2H),
1.82 (qdJ=8.4, 6.8, 3.8 Hz, 2H).

3C NMR (101 MHz, CDCls) i 1 9 3 5@l,,J=258.14z2),141.2,131.5 ¢, J = 3.3Hz), 130.7,129.2
(d, J=8.8Hz), 116.0 (I, J = 22.0Hz), 106.9, 77.8, 74.9, 42.5, 23.6.

F NMR (376 MHz, CDCls) i-108.4.

HRMS (ESI) ([M+H]*) Calcd. for CieH16FO2]*: 259.1129 Found.259.115.

B
% OH
Cl

(2)-3-(4-chlorophenyl)-5-(1-hydroxycyclopentyl)pent-2-en-4-ynal (1e)

Yield: 67%, yellow oil, R = 0.35(petroleum ether/AcOEt = 5:1)

IH NMR (400 MHz, CDCl3) & 1 0 .J2T.9 HzdlH), 7.70 7.64 (m, 2H), 7.46 7.33 (m, 2H), 6.69

(d,J=7.9 Hz, 1H), 2.63 (brs, 1H), 2.172.06 (m, 4H), 1.99 1.87 (m, 2H), 1.87 1.77 (m, 2H).

BC NMR (101 MHz,CDCls)t 193. 2, 141.0, 137.3, 133.9%425,131.1, 1:
23.6.

HRMS (ESI) ([M+H]™*) Calcd. for Ci16H16ClO;]*: 275.0833 Found.275.08%.

B
\\ OH
O,N

(2)-5-(1-hydroxycyclopentyl)-3-(4-nitrophenyl)pent-2-en-4-ynal (1f)
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Yield: 45%, yellow oil, R = 0.31(petroleumether/AcOEt = 3:1)

'H NMR (400 MHz, CDCl3) G 1 0 . J2=6.7 Kzd 1H), 8.28 (d] = 8.4 Hz, 2H), 7.91 (d] = 8.1 Hz,

2H), 6.79 (dJ = 7.7 Hz, 1H), 2.40 (brs, 1H), 2.12 §t= 6.4 Hz, 4H), 2.00 1.89 (m, 2H), 1.89 1.72

(m, 2H).

BC NMR (101 MHz,CDClzp)4 192.9, 149.0, 141.5, 139.7, 133.2,
23.6.

HRMS (ESI) ([M+H]*) Calcd. for C1eH1eNO4]*: 286.1074 Found.286.10B.

B
%OH

(E)-3-(2,4-dimethylphenyl)-5-(1-hydroxycyclopentyl)pent-2-en-4-ynal (1g)

Yield: 48%, yellow oil, R= 0.37(petroleum ether/AcOEt = 3:1)

IH NMR (400 MHz, CDCls) i 9 . 428.2(Hd,,1H), 7.11 (dJ = 8.1 Hz, 2H), 7.05 (d] = 7.8 Hz,

1H), 6.45 (dJ = 8.2 Hz, 1H), 2.37 (d] = 2.9 Hz, 6H), 2.00 () = 6.3 Hz, 4H), 1.93 1.83 (m, 2H), 1.80

T 1.71 (m, 2H).

3C NMR (101 MHz, CDCls) it 192 . 5, 144. 4, 1 3181.44129.9, B26.5, 8058,135. 2,
82.7,74.9,42.3, 23.5, 21.2, 19.8.

HRMS (ESI) ([M+H]*) Calcd. for CigH2102]*: 269.1536 Found.269.153.

(2)-5-(1-hydroxycyclopentyl)-3-(naphthalen-2-yl)pent-2-en-4-ynal (1h)

Yield: 56%, yellow oil, R = 0.31(petroleum ether/AcOEt = 5:1)

IH NMR (400 MHz, CDCl3) i 1 0 .J29.9 Kizd1H), 8.28 (d]= 1.9 Hz, 1H), 7.92 7.87 (m, 1H),
7.871 7.80 (m, 2H), 7.74 (dd] = 8.7, 1.9 Hz, 1H), 7.58 7.49 (m, 2H), 6.86 (d] = 7.9 Hz, 1H), 2.41
(brs, 1H), 2.24 2.08 (m, 4H), 2.03 1.89 (m, 2H), 1.88 1.78 (m, 2H).

3C NMR (101 MHz, CDCls) Gt 1 9 3. 41345118229, 182.7, 131.2, 129.1, 128.7, 128.4, 127.8,
127.7,126.9, 123.2, 106.5, 78.1, 75.0, 42.6, 42.4, 23.6.

HRMS (ESI) ([M+H]*) Calcd. for CzoH1902]*: 291.1380 Found.291.134.

B
X %OH

(22,4E)-3-((1-hydroxycyclopentyl)ethynyl)-5-phenylpenta2,4-dienal (1i)

Yield: 78%, yellow oil, R = 0.33(petroleum ether/AcOEt = 5:1)

H NMR (400 MHz, CDCI3) i 1 0 . JE8.3 Kizd1H), 7.52 7.46 (m, 2H), 7.43 (brs, 1H), 7.38 @,

= 3.3 Hz, 1H), 7.37 7.32 (m, 2H), 6.84 (d] = 15.6 Hz, 1H), 6.27 (d] = 8.2 Hz, 1H), 2.20 2.03 (m,
4H), 1.99i 1.87 (m, 2H), 1.85 1.76 (m, 2H).

13C NMR (101 MHz, CDCls) i 1 9 3. 3139.8,118514, 133.4, 129.7, 128.9, 127.8, 127.2, 106.1,
75.7,74.7, 42.5, 23.6.

HRMS (ESI) ([M+H]*) Calcd. for [CigH1902]*: 267.1380 Found.267.138&!.
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O
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(E)-3-(furan-2-yl)-5-(1-hydroxycyclopentyl)pent-2-en-4-ynal (1j)

Yield: 56%, yellow oil, R = 0.34(petroleum ether/AcOEt = 5:1)

'H NMR (400 MHz, CDCl3) G 1 0 . J=8.3 Klzd 1H), 7.51 (d] = 1.7 Hz, 1H), 6.96 (d] = 3.5 Hz,

1H), 6.65 (dJ = 8.3 Hz, 1H), 6.51 (dd} = 3.5, 1.8 Hz, 1H), 3.27 (brs, 1H), 2.08 dd; 7.0, 6.2, 2.1 Hz,

4H), 1.971 1.87 (m, 2H), 1.85 1.74 (m, 2H).

BCNMR (101 MHz,CDClzp)4 192.8, 151.0, 145.9, 130466424,126. 6, 1:

23.5.
HRMS (ESI) (IM+H]*) Calcd. for C14H1s04]*: 231.1016 Found.231.107.

[ °
% OH

(2)-3-(tert-butyl) -5-(1-hydroxycyclopentyl)pent-2-en-4-ynal (1k)

Yield: 67%, yellow oil, R = 0.31(petroleumether/AcOEt = 5:1)

IH NMR (400 MHz, CDCIs) i 1 0 . J3=B.0 fzd1H), 8.32 (s, 1H), 8.02 (@= 7.9 Hz, 2H), 7.88

7.72 (m, 4H), 7.54 (m, 7H), 7.38 (@= 6.9 Hz, 3H), 6.95 (d] = 7.9 Hz, 1H), 4.08 (brs, 1H).

3C NMR (101 MHz, CDCls) G 1 9186.87130.4, 106.7, 77.9, 74.6, 42.3, 37.6, 28.6, 23.4.

HRMS (ESI) ([M+H] ") Calcd. for C14aH210,]*: 221.1536 Found.221.153.

%OH

(2)-5-(1-hydroxycyclobutyl)-3-phenylpent-2-en-4-ynal (11)

Yield: 52%, yellow oil, R= 0.33 (petroleum ether/AcOEt = 5:1).

IH NMR (400 MHz, CDCl3)ii 1 G 10318 (m, 1H), 7.86 7.65 (m, 2H), 7.50 7.35 (m, 3H), 6.84

6.49 (m, 1H), 3.96 (brs, 1H), 2.63.52 (m, 2H), 2.50 2.39 (m, 2H), 1.99 1.85 (m, 2H).

BC NMR (101 MHz,CDClzp)4 193.6, 142.7, 135.3, 136812385131.0, 1:
13.2.

HRMS (ESI) ([M+Na]*) Calcd. for [GsH1aNaO]*: 249.0886, Found. 249.0889.

%OH

(2)-5-(1-hydroxycyclohexyl}3-phenylpent-2-en-4-ynal (1m)

Yield: 67%, yellow oil, R = 0.33(petroleum ether/AcOEt = 5:1)

H NMR (400 MHz, CDCl3) G 1 0 . JZ8.0 Kizd1H), 7.77 (d] = 6.8 Hz, 2H), 7.50 7.39 (m, 3H),

6.76 (d,J = 8.0 Hz, 1H), 3.05 (brs, 1H), 2.141.99 (m, 2H), 1.87 1.70 (m, 4H), 1.67 1.50 (m, 3H),

1.457 1.21 (m, 1H).

BBC NMR (101 MHz,CDClz)4 193.3, 142.5, 135.5, 131.2, 131.2, 1:
25.1, 23.3.



HRMS (ESI) (IM+Na]*) Calcd. for CiH1eNaOy]*: 277.1199 Found.277.202

[ ©

ko

(2)-5-(1-hydroxycycloheptyl)-3-phenylpent-2-en-4-ynal (1n)

Yield: 44%, yellow oil, R = 0.31(petroleum ether/AcOEt = 3:1)

'H NMR (400 MHz, CDCls) Gt 1 0 . J=8.0 izd1H), 7.75 (d] = 7.3 Hz, 2H), 7.47 7.36 (m, 3H),
6.74 (d,J = 8.0 Hz, 1H), 3.34 (brs, 1H), 2.18 (db+ 14.2, 8.2 Hz, 2H), 2.01 (dd,= 13.8, 9.2 Hz, 2H),
1.827 1.68 (m, 2H), 1.68 1.44 (m, 6H).

BC NMR (101MHz,CDCI3)4 193.5, 142.7, 135.5, 131. 2,
28.1, 22.2.

HRMS (ESI) ([M+H]*) Calcd. for CigH2102]*: 269.1536 Found.269.153.

W,
/

(2)-5-(1-hydroxycyclooctyl)-3-phenylpent-2-en-4-ynal (10)

Yield: 88%, yellow oil, R = 0.35(petroleum ether/AcOEt = 3:1)

IH NMR (400 MHz, CDCls) i 1 0 . J23.0 Kizd1H), 7.73 (d] = 7.2 Hz, 2H), 7.47 7.30 (m,
3H), 6.71 (dJ = 8.0 Hz, 1H), 3.00 (brs, 1H), 2.08 Jt= 9.0 Hz, 4H), 1.77 1.56 (m, 8H), 1.55 1.41
(m, 2H).

BC NMR (101MHz,CDCI3)t 193.5, 142.6, 135.5, 131.1,
37.9,27.9, 241, 22.1.

HRMS (ESI) ([M+H]*) Calcd. for [CigH2302]*: 283.1693 Found.283.16%.

W
v,

(2)-5-(1-hydroxycyclododecyl)3-phenylpent-2-en-4-ynal (1p)

Yield: 56%, yellow oil, R = 0.35(petroleum ether/AcOEt = 5:1)

IH NMR (400 MHz, CDCl3) i 1 0 .J26.9 Kizd1H), 7.76 (d)= 7.1 Hz, 2H), 7.51 7.36 (m, 3H),
6.75 (d,J = 7.9 Hz, 1H), 2.82 (s, 1H), 2.01 (tdl= 13.3, 4.4 Hz, 2H), 1.90 1.77 (m, 2H), 1.58 (d] =
10.3 Hz, 2H), 1.51 1.25 (m, 16H).

BCNMR (101 MHz,CDCls)t 193. 4, 142.5, 135.5, 131.1,
25.9,22.5,22.2,19.7.

HRMS (ESI) ([M+H]*) Calcd. for [C23H3102]*: 339.2319 Found.339.2319

B
X

(2)-5-(1-hydroxycyclopentadecyl}3-phenylpent-2-en-4-ynal (1q)
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Yield: 56%, yellow oil, R = 0.35(petroleum ether/AcOEt = 5:1)

'H NMR (400 MHz, CDCls) ' 1 @ 10218 (m, 1H), 7.77 7.65 (m, 2H), 7.43 7.32 (m, 3H), 6.74

6.67 (m, 1H), 3.64 (brs, 1H), 1.951.78 (m,J = 6.1 Hz, 4H), 1.5% 1.21 (m, 20H).

BC NMR (101MHz,CDCI3)4 193.5, 142.6, 135.4, 131.114,130.9, 1:
39.3,27.5, 26.9, 26.7, 26.7, 26.4, 22.2.

HRMS (ESI) ([M+Na]*) Calcd. for CaeH3sNaO]*: 403.2608 Found.403.2605

[ ©
> %o

(2)-5-(1-hydroxy-1,2,3,4tetrahydronaphthalen-1-yl)-3-phenylpent-2-en-4-ynal (1r)

Yield: 59%, yellow oil, R = 0.3 (petroleum ether/AcOEt 3:1).

IH NMR (400 MHz, CDClz) i 1 0 . JE=8.9 FHzd1H), 7.77 (d] = 6.9 Hz, 1H), 7.70 (d) = 7.3 Hz,

2H), 7.477 7.32 (m, 3H), 7.27 7.19 (m, 2H), 7.10 (d] = 6.8 Hz, 1H), 6.70 (d] = 7.9 Hz, 1H), 3.29

(brs, 1H), 2.94 2.68 (m, 2H), 2.31 (1) = 6.2 Hz, 2H), 2.14 2.00 (m, 1H), 2.00 1.86 (m, 1H).

3C NMR (101 MHz,CDCl) G 193. 4, 142. 3, 138. 3, 136. 2, 135.4, 1
127.8, 127.2, 126.8, 106.9, 79.1, 68.5, 38.8, 29.2, 19.3.

HRMS (ESI) ([M+H]*) Calcd. for C21H1902]*: 303.1380 Found.303.138.

|\o
saNle
()

(2)-5-(9-hydroxy-9H-fluoren-9-yl)-3-phenylpent-2-en-4-ynal (19

Yield: 50%, yellow oil, R = 0.33(petroleum ether/AcOEt = 3:1)

IH NMR (400 MHz, CDClz) i 9 . 9% 8.0(Hd,,1H), 7.69 (d] = 7.3 Hz, 2H), 7.57 (d] = 7.3 Hz,

2H), 7.51 (dJ = 7.3 Hz, 2H), 7.34 7.20 (m, 7H), 6.56 (d] = 8.0 Hz, 1H), 4.35 (brs, 1H).

3C NMR (101MHz, CDCls) i 193 . 6, 146. 5, 142. 2, 139. 2, 135.1, 1
127.3, 124.4,120.5, 103.17.3, 75.2.

HRMS (ESI) ([M+H]*) Calcd. for [C24H1702]*: 337.1223 Found.337.122.

| ©
X
HO

(2)-5-((2r,3r,5r,7r) -2-hydroxyadamantan-2-yl)-3-phenylpent 2-en-4-ynal (1t)

Yield: 56%, yellow oil, R = 0.35(petroleum ether/AcOEt = 2:1)

H NMR (400 MHz, CDCls) & 1 0 . J0=@406,8.1 Hz, 1H), 7.79 (dd= 7.8, 1.9 Hz, 2H), 7.5B

7.40 (m, 3H), 6.77 (d, 1H), 2.27 (ddi= 13.1, 3.1 Hz, 2H), 2.182.12 (m, 4H), 2.0G 1.82 (m, 4H),

1.80i 1.70 (m, 3H), 1.69 1.62 (m, 2H).

BCNMR (101MHz,CDClz)4 193.2, 142.4, 135.6, M3 348387131.1, 1:
37.4,35.6, 31.5, 26.8, 26.7.

HRMS (ESI) ([M+Na]*) Calcd. for CxiH22NaG,]*: 329.1512 Found.329.154.



[
\\OH
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(2)-5-(4-hydroxytetrahydro -2H-pyran-4-yl)-3-phenylpent-2-en-4-ynal (1u)
Yield: 58%, yellow oil, R = 0.33(petroleum ether/AcOEt = 5:1)
'H NMR (400 MHz, CDClz) it 1 0d,J28.9 iz, 1H), 7.74 (ddl= 7.8, 1.7 Hz, 2H), 7.5 7.38 (m,
3H), 6.77 (dJ= 7.9 Hz, 1H), 3.97 (dJ = 11.8, 4.9 Hz, 2H), 3.71 (ddd~= 11.7, 8.5, 3.0 Hz, 3H), 3.31
(s, 1H), 2.11 (dtJ = 13.3, 3.9 Hz, 2H), 1.97 (dd,= 8.8, 4.0 Hz, 2H).
3C NMR (101MHz, CDCl3) 4 1 9 2 .9,9135.3,118116, 131.3, 129.0, 127.1, 105.0, 79.3, 77.3, 66.3,
64.6, 39.6.
HRMS (ESI) ([M+H] ") Calcd. for C1eH1703]*: 257.1172 Found.257.11B.
| o

X

/,,

HO

(2)-5-((8R,9S,13S,14S3,1 -dihydroxy -13-methyl-7,8,9,11,12,13,14,15,16,4decahydro-6H-
cyclopentaJa]phenanthrenl17-yl)-3-phenylpent-2-en-4-ynal (1v)

Yield: 78%, yellow oil, R = 0.33(petroleum ether/AcOEt £:1).

IH NMR (400 MHz, CDCl) titit 1 0 . J3=B.0 izd1H), 7.80 (d] = 7.3 Hz, 2H), 7.45 (dq] = 14.1,

7.0 Hz, 3H), 7.12 (d) = 8.5 Hz, 1H), 7.02 (s, 1H), 6.81 (d~ 8.0 Hz, 1H), 6.71 (d] = 8.3 Hz, 1H),

6.64 (s, 1H), 3.78 (s, 1H), 2.81 (@= 6.4 Hz, 2H), 2.52 (td) = 9.3, 4.7Hz, 1H), 2.39 2.31 (m, 1H),

2.297 2.14 (m, 2H), 1.90 (dql = 13.0, 7.0, 5.7 Hz, 4H), 1.831.73 (m, 1H), 1.59 1.43 (m, 3H), 1.36
(ddt,J=20.0, 13.3, 7.4 Hz, 1H), 1.00 (s, 3H).

3C NMR (101 MHz,CDCls) i 194. 0, 153. 9, 1319 831.8 130.9,32%.0,27.3,135. 5,
126.5, 115.5,113.0, 107.3, 81.1, 80.9, 77.4, 50.5, 48.2, 43.7, 39.5, 39.3, 33.4, 29.6, 27.4, 26.4, 25.9, 23.1,
13.1.

HRMS (ESI) ([M+H]*) Calcd. for CogH3103]*: 427.2268 Found 427.227 2.

(2)-5-((8R,9S,10R,13S,14S,17R)7-hydroxy-10,13dimethyl-3-oxo-
2,3,6,7,8,9,10,11,12,13,14,15,16{Ffradecahydro-1H-cyclopenta[a]phenanthrer17-yl)-3-
phenylpent-2-en-4-ynal (1w)

Yield: 62%, yellow oil, R = 0.31(petroleum ether/AcOEt = 3:1)

IH NMR (400 MHz, CDClL) U 1 0 . JZ 8.1 izd1H), 7.71 (d] = 7.4 Hz, 2H), 7.45% 7.31 (m, 3H),
6.69 (d,J = 7.8 Hz, 1H), 5.70 (s, 1H), 4.12 (brs, 1H), 2i48.08 (m, 7H), 2.01 1.92 (m, 1H), 1.88
1.71 (m, 3H), 1.68 1.53 (m, 4H), 1.53 1.33 (m, 3H), 114 (s, 3H), 0.95 (s, 3H), 0.930.77 (m, 1H).



13C NMR (101 MHz, CDClz) 4 199. 8, 193. 3, 171.5, 142.5, 135. 5,

107.1, 80.7, 80.2, 53.6, 50.8, 47.6, 39.2, 38.6, 36.2, 35.6, 33.8, 33.1, 32.7, 31.5, 23.3, 20.7, 17.4, 12.9.

HRM S (ESI) ([M+Na]*) Calcd. for CaoHaNaOs]*: 465.2400 Found 465.24Q.

X
OH
(2)-6-hydroxy-6-methyl-3-phenylhept-2-en-4-ynal (1x)
Yield: 78%, yellow oil, R = 0.37(petroleum ether/AcOEt = 3:1)
'H NMR (400 MHz, CDCl3) i 1 0 . JEB.0 Kizd1H), 7.64 (ddl = 8.0, 1.7 Hz, 2H), 7.34 7.27 (m,
3H), 6.63 (dJ = 8.0 Hz, 1H), 4.40 (brs, 1H), 1.62 (s, 6H).

13C NMR (101 MHz,CDCl3)4 193.8, 142.7, 135.2, 131.2, 130.

HRMS (ESI) (IM+Na]*) Calcd. for C14H:14NaOy]*: 237.0886 Found.237.089.

[
X oH

Ph

(2)-6-hydroxy-3,6-diphenylhept-2-en-4-ynal (1y)

Yield: 64%, yellow oil, R = 0.3 (petroleum ether/AcOEt = 3:1)

IH NMR (400 MHz, CDCIs) i 1 0 . J2=8.0 KHzd1H), 7.77 (d] = 7.3 Hz, 2H), 7.51 (d] = 8.2 Hz,
2H), 7.48i 7.40 (m, 3H), 6.95 (d1= 8.2 Hz, 2H), 6.77 (d] = 8.0 Hz, 1H), 5.74 (s, 1H), 3.943.46 (m,
4H), 3.37 (s, 1H).

3C NMR (101 MHz, CDCl) )G 1 9 3. 3142.1,1185(, 182,2, 131.7, 131.2, 128.9, 128.1, 127.2,
114.3, 102.5, 80.8, 77.3, 64.7, 55.4.

HRMS (ESI) ([M+H]*) Calcd. for CigH1702]*: 277.1223 Found. 277.124.

(2)-6-hydroxy-3-phenylhept-2-en-4-ynal (12)

Yield: 56%, yellow oil, R = 0.37(petroleum ether/AcOEt = 3:1)

H NMR (400 MHz, CDCls) 1i10.23 (d,J = 8.0 Hz, 1H), 7.74 (d] = 8.1 Hz, 2H), 7.48 7.36 (m, 3H),
6.73 (d,J=8.0 Hz, 1H), 4.86 (g] = 6.7 Hz, 1H), 3.69 (brs, 1H), 1.61 @@= 6.7 Hz, 3H).

3C NMR (101 MHz,CDCl3)G 193. 7, 142.5, 135.2, 131.2, 131.

HRMS (ESI) (IM+H]*) Calcd. for E1sH1502]*: 201.0910 Found.201.0910

OMe

(2)-6-hydroxy-6-(4-methoxyphenyl}3-phenylhex2-en-4-ynal (1aa)
Yield: 89%, yellow oil, R = 0.37(petroleum ether/AcOEt = 3:1)
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H NMR (400 MHz, CDCl3) U 1 0 . J2=8.0 Klzd 1H), 7.77 (d) = 7.3 Hz, 2H), 7.51 (d] = 8.2 Hz,

2H), 7.48i 7.40 (m, 3H), 6.95 (d] = 8.2 Hz, 2H), 6.77 (d] = 8.0 Hz, 1H), 5.74 (s, 1H), 3.943.46 (m,

4H), 3.37 (s, 1H).

3C NMR (101 MHz, CDCl) & 193 . 3, 13@,.182,2, 1314213112, 128.9, 128.1, 127.2,

114.3,102.5, 80.8, 77.3, 64.7, 55.4.

HRMS (ESI) ([M+Na]*) Calcd. for C1gH16NaQs]*: 315.0992 Found.315.09%

20ptimization of the reaction conditions f

Ph
— Ph

// 0/ cat. (10 mol%) I\
OH sol., temp., time ©
1a 2a
Ent Cat . T. Sol Time 2a
1 Pd( PhRQO3I rt Tol u 36 tra
Pd(LNL} rt Tol u 36 tra
Pd(LNELE 60C Tol u 36 5%
4 Pd( LI 6 0C Tol u 6 7 %
5° Pt CI 6 OC Tol u 6 6 %
6 Pd(LNL) 8 0C Tol u 6 4 %
7 Pd(LNEL} 60C THF 24 4 %
8 Pd(LNL} 6 0C DCE 24 16

o RR( OAc 6 0C Tol u 24 2%

BqReaction Tamdi2t inomosl:) , and 10 mol % eatThei nyisedldv ewmas
det er mittheNdMRoyanal y sNiQsa su sainng nQ@H°Na BA(r2sot ammodla®)d ;was used
addi Pt L. mol %) .Rvd © s Ledno |l %) was used.

3. GCemewmaleduohe sSgmt-Besi s of 2a

— Condition A: Pd(CH3CN),Cl; (10 mol%),

(0]
// // NaBArg (20 mol%), toluene, 60 °C, 24 h / \
J -
OH Condition B: PtCl, (5 mol%), toluene, 60 °C, 24 h (6]
1 2

Condi tindrerAnitrogen at mesyhméa@eamol 9 taonls@dmyd 2 ®5n of
M)YPd (LNJL}( e g5 .n2g) ManBAOG. 2,3éda0g) were added. The react
was then heatedOCoaadteimbppueduf dfober the reaction w
reaction mixture was filtered through short silica
pres3hbhbef prraomduct was purified by flash column <chr
et her/ AcDEto2zyi el d

Condi tindrerBnitrogen at mesyhmémeamol 9§ ansdrytitohuehe
M)Rt LLI0 &2 g2 .nYg) were added. The reaction mi®XQure was

and st24pedsfoAfter the reaction was completed, the
silicatigeh,tlh@adsol vent was removed under reduced pr
by flash column chromatograph® 1()sittoi cya egdedl , petrol e
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2-(3-phenylfuran-2-yl)cyclohexan1-one(2a)

Condition A,Yield: 79% (38 mg), yellow oil, R = 0.35(petroleum ether/AcOEt =011).

'H NMR (400 MHz, CDCls) G 77. 738 (m, 2H), 7.34 7.28 (m, 3H), 7.26 7.20 (m, 1H), 6.44 (d,
J=1.9 Hz, 1H), 3.54 (tJ= 9.8 Hz, 1H), 2.42 2.20 (m, 4H), 2.19 2.08 (m, 1H), 1.91 1.73 (m,
1H).

BBC NMR (101MHz,CDCl3)ti 216. 6, 147. 3, 14237.1424611313%,48.5,
38.2,29.5, 21.1.

HRMS (ESI) ([M+Na]*) Calcd. for E1eH1eNaO]*: 263.1043 Found.263.1048.
Me

A

(0)

2-(3-(p-tolyhfuran -2-yl)cyclohexan1-one(2b)

Condition A,Yield: 72% (36 mg) yellow oil, R; = 0.35(petroleum ether/AcOEt =011).

IH NMR (400 MHz, CDCls) i 7 . 451.7(Hd, 1H), 7.24 7.18 (m, 4H), 6.52 (d] = 1.9 Hz, 1H),
3.85(q, 1H), 2.63 (di] = 14.1, 4.5 Hz, 1H), 2.44 (dd= 12.9, 6.0 Hz, 1H), 2.40 (s, 3H), 2.22.18
(m, 2H), 2.161 2.00 (m, 2H), 1.96 1.81 (m, 1H), 1.80 1.69 (m, 1H).

BC NMR (101MHz,CDCI3)i 208.8, 147.6, 141.4, 136. 6,
42.0,32.2,27.2,24.8, 21.1.

HRMS (ESI) ([M+H]*) Calcd. for [Ci7H1902]*: 255.1380 Found.255.138.

2-(3-(4-methoxyphenyl)furan-2-yl)cyclohexarn1-one(2c)

Condition A,Yield: 78% (42 mg) yellow oil, R; = 0.35(petroleum ether/AcOEt =011).

IH NMR (400 MHz, CDCls) i 7 . 431.9(Hd, 1H), 7.26 7.20 (m, 2H), 6.97 6.91 (m, 2H), 6.50
(d,J=1.9 Hz, 1H), 3.85 (s, 3H), 2.62 (dt, 1H), 2.43 (;,13.7, 13.0, 5.7 Hz, 1H), 2.272.17 (m, 2H),
2.151 2.00 (m, 2H), 1.9% 1.81 (m, 1H), 1.80 1.68 (n, 1H), 1.68 1.57 (m, 1H).

BBC NMR (101MHz,CDCls)i 208. 9, 158.7, 147.4, 141. 4,
41.9,32.2,27.2,24.8.

HRMS (ESI) (IM+H]*) Calcd. for E17H1604]*: 271.1329 Found 271.137.
F

/\
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2-(3-(4-fluorophenyl)furan -2-yl)cyclohexan1-one (2d)

Condition A,Yield: 44% (23 mg) yellow oil, Rf = 0.33 (petroleum ether/AcOEt =011).

'H NMR (400 MHz, CDCls) i 7 . 4#1.9(Hd, 1H), 7.31 7.24 (m, 2H), 7.13 7.04 (m, 2H), 6.49
(d,J=1.9 Hz, 1H), 3.79 (ddl = 10.9, 6.3 Hz, 1H), 2.63 (dtd= 14.2, 4.4, 1.5 Hz, 1H), 2.482.37 (m,
1H), 2.29i 2.18 (m, 2H), 2.16 1.99 (m, 2H), 1.96 1.81 (m, 1H), 1.81 1.66 (m,1H).

3C NMR (101MHz, CDCl3) G 2 0 82.0@,J= 246.9 Hz) 147.8, 141.5129.8 (dJ = 3.3 Hz)

1297 (d,J=8.0 Hz) 122.6,115.5 (dJ=21.5 Hz) 111.6, 77.4, 77.1, 76.7, 49.6, 41.9, 32.1, 27.1, 24.7.
F NMR (376 MHz, CDCls3) ii-115.6.

HRMS (ESI) (IM+H]*) Calcd. for CieH1FO2]*: 259.1129 Found.259.117.
Cl

A

(0)

2-(3-(4-chlorophenyl)furan-2-yl)cyclohexan1-one (2€)

Condition A,Yield: 56% (31 mg) yellow oil, R; = 0.35(petroleum ether/AcOEt =011).

IH NMR (400 MHz, CDCl) i 7 . 451.9(Hd, 1H), 7.40 7.34 (m, 2H), 7.26 7.20 (m, 2H), 6.50
(d,J=1.9 Hz, 1H), 3.79 (ddl = 10.9, 6.4 Hz, 1H), 2.63 (dtd,= 14.3, 4.4, 1.4 Hz, 1H), 2.482.36
(m, 1H), 2.29 2.17 (m, 2H), 2.16 2.01 (m, 2H), 1.94 1.82 (m, 1H), 1.8G 1.61 (m, 1H).

13C NMR (101MHz,CDCls)t 208 . 6, 148. 0, 141.7, 132.8, 132.

41.9,32.1, 27.1, 24.7.

HRMS (ESI) ([M+H]*) Calcd. for C16H16ClO2]*: 275.0833 Found275.029.
O,N

A

(©)

2-(3-(4-nitrophenyl)furan -2-yl)cyclohexan1-one (2f)

Condition A,Yield: 37% (21 mg) yellow oil, R; = 0.35(petroleum ether/AcOEt =011).

IH NMR (400 MHz, CDCls) i 8 . 268.4(Hd, 2H), 7.50 (d] = 1.9 Hz, 1H), 7.46 (d] = 8.3 Hz,
2H), 6.58 (dJ = 1.9 Hz, 1H), 3.82 (g = 10.7, 6.6 Hz, 1H), 2.782.58 (m, 1H), 2.45 (td] = 13.7,
13.1, 5.7 Hz, 1H), 2.26 (td,= 10.3, 9.9, 3.6 Hz, 2H), 2.192.03 (m, 2H), 1.98 1.83(m, 1H), 1.83
1.69 (m, 1H).

13C NMR (101MHz,CDCls)t 208 . 8, 147.6, 141.4, 136.6, 130.

42.0,32.2,27.2,24.8, 21.1.
HRMS (ESI) (IM+Na]*) Calcd. for ieH1sNNaQy]*: 308.0893 Found.308.08%.
Me
Me
(0]

/\

(0)

2-(3-(2,4-dimethylphenyl)furan-2-yl)cyclohexan1-one(29)
Condition A,Yield: 75% (38 mg) yellow oil, R = 0.35(petroleum ether/AcOEt =011).

13



'H NMR (400 MHz, CDCl3) i 7 . 451.9(Hd, 1H), 7.09 (s, 1H), 7.01 (s, 2H), 6.381¢, 1.8 Hz,

1H), 3.56 (t, 1H), 2.55 (dtd = 14.0, 4.2, 1.4 Hz, 1H), 2.37 (s, 3H), 2132.27 (m, 1H), 2.21 (s, 3H),

2.16 (td,J = 9.6, 8.8, 3.9 Hz, 2H), 2.102.02 (m, 1H), 2.02 1.93 (m, 1H), 1.89 1.76 (m, 1H), 1.74

i 1.63 (m, 1H).

13C NMR (101MHz,CDCls)i 208.6, 148.2, 141.0, 137.2, 137.0, 1:
112.7, 49.4, 42.0, 32.3, 27.2, 24.8, 21.1, 20.2.

HRMS (ESI) ([M+H]*) Calcd. for C1sH210,]*: 269.1536 Found.269.153.

A
‘ 0
2-(3-(naphthalen-2-yl)furan -2-yl)cyclohexan1-one (2h)
Condition A,Yield: 61% (35 mg) yellow oil, R; = 0.35(petroleum ether/AcOEt =011).
IH NMR (400 MHz, CDCls) i 77. 788 (m, 3H), 7.75 (s, 1H), 7.51 @= 4.1, 3.3 Hz, 3H), 7.45
(dd,J=8.5, 1.7 Hz, 1H), 6.64 (d,= 1.9 Hz, 1H), 3.93 (dd] = 11.0, 6.3 Hz, 1H), 2.66 (di,= 14.2,
4.5 Hz, 1H), 2.44 (td) = 13.6, 13.1, 5.8 Hz, 1H), 2.332.18 (m, 2H), 2.18 2.00 (m, 2H), 1.97 1.81
(m, 1H), 1.80' 1.67 (m, 1H).
BC NMR (101MHz,CDCI3)4t 208.8, 148.2, 141.7, 133.5, 132.3, 1:

126.6, 126.3, 125.8, 123.5, 111.8, 49.8, 42.0, 32.2, 27.2, 24.8.
HRMS (ESI) ([M+H]*) Calcd. for CaoH1602]*: 291.1380 Found.291.13%.

0}

/ \

O

(E)-2-(3-styrylfuran -2-yl)cyclohexan1-one (2i)
Condition A,Yield: 66% (35 mg) yellow oil, R; = 0.35(petroleum ether/AcOEt =011).
!H NMR (400 MHz, CDCls) i 77. 7548 (m, 2H), 7.40 (d] = 2.0 Hz, 1H), 7.36 (1) = 7.6 Hz, 2H),
7.291 7.22 (m, 1H), 6.89 6.75 (m, 2H), 6.67 (d] = 2.0 Hz, 1H), 3.91 (t) = 8.3 Hz, 1H), 2.69 2.58
(m, 1H), 2.53 2.42 (m, 1H), 2.31 2.21 (m, 2H), 2.18 2.03 (m, 2H), 1.3 1.76 (m, 2H).
13C NMR (101MHz,CDCl3)d 207 .9, 149.5, 142.1, 137.6, 128.6, 1:
108.0, 49.3, 41.8, 32.2, 27.3, 24.7.
HRMS (ESI) ([M+H]*) Calcd. for C1gH1902]*: 267.1380 Found.267.1380

4

5 /

A
o

2-([2,3'-bifuran] -2'-yl)cyclohexan1-one (2j)
Condition B,Yield: 61% (28 mg) yellow oil, Rf = 0.35(petroleum ether/AcOEt =011).

IH NMR (400 MHz, CDCl) Ui 7 d,392.1(Hz, 2H), 6.57 (d] = 1.9 Hz, 1H), 6.42 (dd] = 3.2, 1.8
Hz, 1H), 6.30 (dJ = 3.3 Hz, 1H), 4.21 (dd] = 11.2, 6.3 Hz, 1H), 2.61 (dl,= 14.5, 4.4 Hz, 1H), 2.49

14



(td, = 13.5, 12.8, 5.8 Hz, 1H), 2.322.22 (m, 2H), 2.15 (dd] = 11.7, 5.0 Hz, 1H), 2.06 (dd= 11.3,
5.0Hz, 1H), 1.95 1.76 (m, 2H).

3C NMR (101MHz, CDCls)i 207.9, 148.5, 147.9, 141.8,
42.0,31.9, 27.3, 24.9.

HRMS (ESI) ([M+H]*) Calcd. for C14H1504]*: 231.1016 Found.231.107.

0]

/\

(©)

2-(3-(tert-butyl)furan -2-yl)cyclohexan1-one (2k)

Condition A,Yield: 57% (25 mg) yellow oil, R = 0.35(petroleum ether/AcOEt =011).

'H NMR (400 MHz, CDCls) i 7 . 49©1.3(Hd, 1H), 6.52 () = 1.2 Hz, 1H), 3.79 3.65 (m, 1H),
1.997 1.77 (m, 4H), 1.77 1.62 (m, 4H), 1.38 (s, 3H).

BC NMR (101MHz,CDCl3))ii 193.6, 147.8, 144.1, 142.9,
HRMS (ESI) ([M+Na]*) Calcd. for CiaH20NaQy]*: 243.1356 Found.243.13B.

/\

(©)

2-(3-phenylfuran-2-yl)cyclopentan-1-one(21)
Condition A,Yield: 63% (28 mg) yellow oil, R; = 0.35(petroleum ether/AcOEt =011).

IH NMR (400 MHz, CDCls) i~ 7. 738 (m, 2H), 7.34 7.28 (m, 3H), 7.26 7.20 (m, 1H), 6.44 (d,

J=1.9 Hz, 1H), 3.54 (1) = 9.8 Hz, 1H), 2.42 2.20 (m, 4H), 2.19 2.08 (m, 1H), 1.91 1.73 (m,
1H).

13C NMR (101MHz, CDCls)ti 216. 6, 147. 3, 14237.14124.61181%,48.5,
38.2,29.5, 21.1.

HRMS (ESI) (IM+H]*) Calcd. for C1sH1s02]*: 227.1067 Found.227.106.

2-(3-phenylfuran-2-yl)cycloheptan-1-one (2m)
Condition B,Yield: 62% (31 mg) yellow oil, R = 0.35(petroleum ether/AcOEt =(11).

IH NMR (400 MHz, CDCl) Ui 7 . 496.9(Hd, 2H), 7.46 7.40 (m, 3H), 7.36 7.30 (m, 1H), 6.52
(d,J=1.8 Hz, 1H), 3.97 (dd] = 10.3, 4.8 Hz, 1H), 2.92 (td,= 12.4, 3.0 Hz, 1H), 2.662.55 (m, 1H),

2.237 1.88 (m, 5H), 1.72 1.47 (m, 2H), 1.44 1.27 (m, 1H).
13C NMR (101MHz,CDCl)ti 212.0, 149.0, 141.3, 133.5,
30.4,29.9, 28.1, 25.7.

HRMS (ESI) (IM+H]*) Calcd. for E17H1602]*: 255.1380 Found 255.138.

15
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2-(3-phenylfuran-2-yl)cyclooctan-1-one (2n)

Condition B,Yield: 70% (37 mg) yellow oil, Rr = 0.35(petroleum ether/AcOEt =Q11).

'H NMR (400 MHz, CDCls) G 7 . 397.5(Hd, 2H), 7.37 7.29 (m, 3H), 7.22 ({ = 7.3 Hz, 1H),
6.41 (d,J=1.8 Hz, 1H), 3.85 (dd] = 11.8, 3.0 Hz, 1H), 2.86 (td,= 12.2, 3.8 Hz, 1H), 2.48 (dtd,=

15.3, 11.7, 3.7 Hz, 1H), 2.26 (ddiiz 12.6, 6.3, 3.6 Hz, 1H), 1.941.79 (m, 2H), 1.78 1.71 (m, 1H),

1.707 1.61 (m, 2H), 1.59 1.51 (m, 1H), 1.49 1.35 (m, 2H), 1.31 1.15 (m, 1H).

3C NMR (101MHz,CDCls)i 214.5, 148.0, 141.6, 133. 4,
39.8, 29.2, 28.1, 26.8, 26.3, 24.7.

HRMS (ESI) ([M+H]*) Calcd. for C1sH210.]*: 269.1536 Found.269.153.

2-(3-phenylfuran-2-yl)cyclononan-1-one(20)

Condition A,Yield: 53% (30 mg) yellow oil, R; = 0.3L (petroleum ether/AcOEt =011).

IH NMR (400 MHz,CDCls) i 7 . 8#7.4(Hd, 2H), 7.57 (s, 1H), 7.477.35 (m, 3H), 6.66 (s,
1H), 3.41 (tdJ=9.1, 4.1 Hz, 1H), 1.94 1.81 (m, 2H), 1.80 1.66 (m, 4H), 1.64 1.48 (m, 8H).
BC NMR (101MHz,CDCl3)i 195. 0, 146. 4, 144. 128.1,115.6, 4670,
28.8, 26.5, 26.5, 25.6.

HRMS (ESI) ([M+H]*) Calcd. for [CigH2302]*: 283.1693 Found.283.164.

2-(3-phenylfuran-2-yl)cyclotridecan-1-one (2p)

Condition A,Yield: 58% (39 mg) yellow oil, R; = 0.3L (petroleum ether/AcOEt =011).

IH NMR (400 MHz, CDCl) i 7 . 35.4(Hd, 3H), 7.36 7.25 (m, 3H), 6.48 (s, 1H), 4.00 (@5
10.6 Hz, 1H), 2.44 (ddl = 14.7, 10.2 Hz, 1H), 2.30 (11,= 20.0, 15.9, 6.0 Hz, 2H), 1.721.47 (m,
4H), 1.41i 1.31 (m, 4H), 1.32 1.17 (m, 11H).

BBC NMR (101MHz,CDCls)i 209. 3, 147.8, 141.8, 133. 4,
39.7,29.7,29.4, 26.7, 26.1, 25.9, 25.7, 25.7, 25.2, 24.8, 24(b, 23

HRMS (ESI) ([M+H]*) Calcd. for [C23H3102]*: 339.2319 Found.339.235.
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2-(3-phenylfuran-2-yl)cyclohexadecanl-one (2q)

Condition B,Yield: 62% (47 mg) yellow oil, Rr = 0.35(petroleum ether/AcOEt =Q11).

'H NMR (400 MHz, CDCls)) G 1 7.384m, 3H), 7.38 7.34 (m, 2H), 7.33 7.28 (m, 1H), 6.50

(d,J=1.9 Hz, 1H), 3.96 (ddl = 9.0, 5.8 Hz, 1H), 2.45 (ddd,= 16.5, 7.6, 6.1 Hz, 1H), 2.372.16

(m, 2H), 1.76 (dgJ = 12.9, 6.6 Hz, 1H), 1.56 (ddi= 26.9, 136, 7.2 Hz, 2H), 1.28 (g1 = 7.5, 6.4 Hz,

22H).

BC NMR (101MHz,CDCI3)4 208.9, 147.5, 141.7, 133.5, 128.7, 1:
39.8, 29.5, 27.6, 27.3, 27.1, 27.0, 26.5, 26.5, 26.5, 26.4, 26.4, 23.0.

HRMS (ESI) ([M+H]*) Calcd. for CzeH3702]*: 381.2788 Found.381.278.

W,

A
ON

&

5-(3-phenylfuran-2-yl)-5,7,8,9tetrahydro -6H-benzo[7]annuler6-one (2r)
Condition B,Yield: 62% (37 mg) yellow oil, R = 0.35(petroleum ether/AcOEt =(11).
IH NMR (400 MHz, CDCls) i 7 . 3447.2(Hd, 2H), 7.63 (s, 1H), 7.40 @z 9.5, 8.4 Hz, 3H), 7.21
i 7.07 (m, 3H), 7.00 (d] = 7.6 Hz, 1H), 6.75 (s, 1H), 4.83 {t= 6.5 Hz, 1H), 2.97 2.74 (m, 2H), 2.16
(q,J=6.5,6.0 Hz, 2H), 2.08 1.90 (m, 1H), 1.89 1.70 (m, 1H).
BC NMR (101MHz,CDCI3)t 192 .6, 146.6, 144.6, 138.1, 134.5, 1:

128.1, 126.5, 125.8, 115.2, 47.8, 29.3, 26.9, 20.5.
HRMS (ESI) (IM+H]*) Calcd. for C21H1602]*: 303.1380 Found.303.17.

10-(3-phenylfuran-2-yl)phenanthren-9-ol (29

Condition B,Yield: 71% (48 mg) yellow oil, Rf = 0.35(petroleum ether/AcOEt 3:1).

H NMR (400 MHz, CDCls) i 8 . 6JF 1§.8d8&4,Hz, 2H), 8.34 (d,= 7.8 Hz, 1H), 7.78 7.68

(m, 2H), 7.62 (tJ = 7.6 Hz, 1H), 7.53 7.42 (m, 3H), 7.32 (dd] = 6.5, 3.4 Hz, 2H), 7.14 (d,=5.3

Hz, 3H), 6.93 (dJ = 1.9 Hz, 1H), 5.91 (s, 1H).

B3C NMR (101MHz, CDCl3) )i 1 4184.62142.7,132.1, 132.1, 131.7, 128.9, 128.2, 127.5, 127 .4,
126.7, 126.7, 125.2, 124.8, 124.5, 123.8, 122.7, 122.6, 111.3, 107.0.

HRMS (ESI) ([M+H]*) Calcd. for [CoaH1702]*: 337.1223 Found.337.1223.
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5-(3-phenylfuran-2-yl)tricyclo[4.3.1.13,8]undecan4-one (2t)

Condition B(80 ), Yield: 629 (38 mg) yellow oil, Rf = 0.35(petroleum ether/AcOEt =011).

'H NMR (400 MHz, CDCls) G 7 . 8=26.9(Hd, 2H), 7.52 (d] = 1.7 Hz, 1H), 7.47 7.36 (m, 3H),

6.62 (d,J=1.7 Hz, 1H), 3.42 (s, 1H), 2.30 @ 3.0 Hz, 2H), 2.17 (ddl = 12.9, 3.0 Hz, 2H), 1.95 (p,

J=3.2 Hz, 1H), 1.91 1.80 (m, 5H), 1.76 (d] = 13.4 Hz, 2H), 1.60 (dl = 12.5 Hz 2H).

BC NMR (101MHz,CDCI3)G4 193.7, 147.1, 143.5, 133.0, 132.5, 1:
38.9, 37.6, 33.0, 29.9, 28.0, 27.4.

HRMS (ESI) ([M+H]*) Calcd. for [C21H2302]*: 307.1693 Found.307.169.

(0]
3-(3-phenylfuran-2-yl)oxepan4-one (2u)
Condition B,Yield: 62% (32 mg) yellow oil, R = 0.35(petroleum ether/AcOEt =Q11).
IH NMR (400 MHz, CDCl) U 71. 729 (n, 5H), 7.24 (gJ = 4.5 Hz, 1H), 6.43 (d] = 1.9 Hz, 1H),
4.06 (tt,J=10.1, 3.4 Hz, 2H), 3.97 (ddd~= 12.8, 5.5, 4.0 Hz, 1H), 3.62 (ddik 12.6, 9.8, 2.6 Hz, 1H),
3.51 (dddJ=12.4, 9.9, 1.8 Hz, 1H), 3.02 (dd#l= 14.2, 9.9, 3.9 Hz, 1H), 2.63 (dd#l= 14.8, 5.52.6
Hz, 1H), 2.34 (dtdJ = 15.5, 10.2, 2.5 Hz, 1H), 2.G61.92 (m, 1H).
C NMR (101MHz,CDCI3)4t 208 .7, 148.0, 141.7, 133.4, 128.7, 1.
66.5, 50.2, 46.5, 31.4.
HRMS (ESI) ([M+Na]*) Calcd. for CigHieNaQs]*: 279.0992 Found.279.094.

(4aS,4bS,10bS,12a83-hydroxy-12a-methyl-1-(3-phenylfuran-2-yl)-3,4,4a,4b,5,6,10b,11,12,12a
decahydrochrysen2(1H)-one (2v)

Condition B,Yield: 48% (41 mg) yellow oil, Rf = 0.3L (petroleum ether/AcOEt 3:1).

H NMR (400 MHz, CDCls) i 7 . 391.8(Ha,,1H), 7.29 (d) = 7.4 Hz, 1H), 7.20 (d) = 7.2 Hz,
1H), 7.14 (dJ = 6.5 Hz, 3H), 6.96 (d) = 8.4 Hz, 1H), 6.49 (dd] = 8.4, 2.7 Hz, 1H), 6.44 (d,= 2.7
Hz, 1H), 6.39 (dJ = 1.8 Hz, 1H), 4.65 (s, 1H), 3.65 (s, 1H), 2.70 (@4,8.4, 4.4 Hz, 2H), 2.5R 2.45
(m, 1H), 2.31 (ddJ = 14.7, 12.0 Hz, 1H), 2.15 (td,= 11.5, 7.7 Hz, 2H), 2.0¥ 1.95 (m, 2H), 1.56
1.47 (m 3H), 1.31i 1.21 (m, 2H), 1.15 (s, 1H), 1.131.08 (m, 1H), 1.05 (s, 3H).

13C NMR (101 MHz, CDCls)i 209 . 2, 153. 6, 153.5, 146. 0, 141.8, 1
128.5, 126.9, 126.4, 126.2, 126.0, 124.9, 115.3, 115.0, 112.9, 111.54$.8,043.2, 42.9, 40.8, 39.5,
38.8, 29.8, 26.5, 26.1, 25.5, 15.7.

HRMS (ESI) ([M+H]*) Calcd. for CaeH3103]*: 427.2268 Found 427.2272.
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(4aS,4bS,10aR,10bS,12a8Pa,12adimethyl-1-(3-phenylfuran-2-yl)-
1,3,4,4a,4b,5,6,9,10,10a,10b,11,12,it2é&radecahydrochrysene2,8-dione (2w)

Condition B,Yield: 77% (68 mg) whitesolid, m.p. =1721 7 4 ;=,035Rpetroleum ether/AcOEt =

3:1).

'H NMR (400 MHz, CDCls) G 1 0 . JZ 8.1 izd1H), 7.71 (d] = 7.3 Hz, 2H), 7.4% 7.32 (m, 3H),

6.69 (d,J = 7.8 Hz, 1H), 5.70 (s, 1H), 4.12 (s, 1H), 2i42.28 (m, 4H), 2.26 2.08 (m, 2H), 1.96 (dd]
=17.5,6.7 Hz, 1H), 1.79 (dd~= 21.4, 8.6 Hz, 3H), 1.63 (td,= 17.8, 15.6, 8.3 Hz, 4H), 1.541.33 (m,

3H), 1.14 (s, 3H), 1.0 0.83 (m, 5H).

3C NMR (101 MHz,CDCls) i 199 . 8, 193. 3, 171.5, 142.5, 135.5, 1
107.1, 80.7, 80.2, 77.5, 53.6, 50.8, 47.6, 39.2, 38.6, 36.2, 35.6, 33.8, 33.1, 32.7, 31.5, 23.3, 20.7, 17.4,
12.9.

HRMS (ESI) ([M+Na]*) Calcd. for CaHzNaGs]*: 465.2400 Found.465.24(.

O

/\

(©)

3-(3-phenylfuran-2-yl)butan-2-one (2x)

Condition B,Yield: 65% (28 mg) yellow oil, R = 0.35(petroleum ether/AcOEt =Q11).

IH NMR (400 MHz, CDCl) i~ 71. 7488 (m, 5H), 7.37 7.31 (m, 1H), 6.57 (d] = 1.9 Hz, 1H), 3.99

(g,J=7.1Hz, 1H), 2.04 (s, 3H), 1.50 (@@= 7.1 Hz, 3H).

C NMR (101MHz,CDCI3)4t 206 .6, 141.8, 133.3, 128.8, 127.9, 1:
14.7.

HRMS (ESI) ([M+H]*) Calcd. for [C14H1502]*: 215.1067 Found.215.108.

(0]

I\
o
Ph

1-phenyl-1-(3-phenylfuran-2-yl)propan-2-one (2y)

Condition B,Yield: 63% (35 mg) yellow oil, R = 0.35(petroleum ether/AcOEt =(11).

IH NMR (500 MHz, CDCl3) i7.49 (d, J = 1.9 Hz, 1H), 7.38 (dt, J = 13.8, 7.5 Hz, 4H), 7.31 (td, J =

7.3, 2.5 Hz, 6H), 6.57 (d, J = 1.8 Hz, 1H), 5.15 (s, 1H), 2.12 (s, 3H).

BC NMR (126 MHz,CDCls)i 204. 0, 146.3, 142.3, 1361273, 133.2, 1:
124.6, 112.0, 57.6, 28.7.

HRMS (ESI) ([M+H]*) Calcd. for [CigH1702]*: 277.1223 Found .277.1216.

A

o
1-(3-phenylfuran-2-yl)propan-2-one(2z2)
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Condition B,Yield: 37% (15 mg) yellow oil, Rr = 0.35(petroleumether/AcOEt = 0:1).

'H NMR (400 MHz, CDCls) i 77. 744G (m, 3H), 7.39 7.31 (m, 3H), 6.60 (d] = 1.9 Hz, 1H), 3.85

(s, 2H), 2.20 (s, 3H).

BC NMR (101MHz,CDCI3)Gt 204.5, 144.1, 141.9, 133.2, 128.8, 1:
77.0,76.742.3, 29.4.

HRMS (ESI) ([M+H]*) Calcd. for Ci13H1302]*: 201.0910 Found.201.095.

MeO

1-(4-methoxyphenyl}2-(3-phenylfuran-2-yl)ethan-1-one (2aa)

Condition B,Yield: 69 (40 mg) yellow oil, R = 0.35(petroleumether/AcOEt = 0:1).

IH NMR (400 MHz, CDClz) i 77. 738 (m, 2H), 7.34 7.28 (m, 3H), 7.26 7.20 (m, 1H), 6.44 (d,

J=1.9 Hz, 1H), 3.54 () = 9.8 Hz, 1H), 2.42 2.20 (m, 4H), 2.19 2.08 (m, 1H), 1.91 1.73 (m,

1H).

BC NMR (101MHz,CDCI3)4 216.6, 147.3, 141.4, 133.6, 128.7, 1:
38.2,29.5, 21.1.

HRMS (ESI) ([M+Na]*) Calcd. for CieHieNaQy]*: 263.1043 Found.263.1048.

4.Deri vatization of product 2m

4. 1 Thescgarlaem synt hensi s of product 2

Ph
Ph

(0}
// o/ PtCI, (5 mol%) J\
OH toluene, 60 °C, 24 h (6)
1m,1.0g 2m, 0.51g

The general procedure for the gramscale synthesis of productra:

Under nitrogen atmosphere, to a solutioemynalslm (3.9 mmol,1.0g) in dry toluene (0.025 MRtChL
(0.05eq, 52mg) were added. The reaction mixture was then heated to a temperatuf€ efréstirred

for 24 hours. After the reaction was completed, the reaction mixture was filtered through short silica gel,
and then the solvent was removed under reduced pre3figdnifuran product was purified by flash
column chromatography (silica gel, petroleum ether/AcOHR:%)1to yield2m.

4.2 Derivatization of product 2m.

NaBH4 (1.5eq.)
MeOH 0°Ctort.

3a, 87%, dr = 2:1

To a solution o02m (50.8mg, 02 mmol) in MeOH 2 mL), NaBH: (11.3mg, 03 mmol) was added

at0 . The mixture was stiredatOto r oo m t éomifheThea HQ (4 mL) was added.

The organic layer was extracted with ethyl acetate and washed with brine, dried e8&4Na
filtered and therwoncentrated. The residue was purified by silica gel column chromatography (ethyl
acetate/petroleum ether 510/v) to afford the product.
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OH

2-(3-phenylfuran-2-yl)cycloheptan-1-ol (3a)

Yield: 87%, dr = 2:1 yellow oil, R = 0.35 (petroleum ether/AcOEt5:1).

'H NMR (400 MHz, CDCls) i 7 d,497.2(Hz, 1H), 7.42 (ddfl = 12.1, 8.6, 4.7 Hz, 5H), 7.33 (dq,
J=7.0,3.0, 2.3 Hz, 1H), 6.53 (A= 1.9 Hz, 1H), 4.21 (d{) = 6.4, 3.1 Hz, 1H), 3.28 (di,= 10.8, 3.0
Hz, 1H), 2.24 (dtdJ = 14.5, 10.7, 3.5 Hz, 1H), 2.121.94 (m, 1H), 1.91 1.45 (m, 7H).

13C NMR (101 MHz, CDCl3)i 154 . 5, 153. 5, 140. 9, 134. 0, 128.

111.7, 111.675.2, 73.3, 46.3, 42.4, 35.6, 35.1, 30.1, 28.1, 27.6, 27.0, 26.7, 26.3, 22.7, 22.3.
HRMS (ESI) ([M+H*) Calcd. for E17H2105]*: 257.1536 Found 257.1536

Ph HO. Ph
o N
]\ NH,OH+HCI (5.0 eq.) | J \
[6) NaOAc (4.0 eq.) [©)
EtOH, 60 °C
2m 3b, 53%

To a solution o2m (50.8mg, 02 mmol) in EtOH @ mL), hydroxylamine hydrochlorides8.0 mg,1.0

mmol) and sodium acetat65.6 mg, 08 mmol) were added. The mixture was stirred@t for 8 h.

Then HO (1 mL) was added. The organic layer was extracted with ethyl acetate and washed with brine,
dried ove NaSO4, filtered and then concentrated. The residue was purified by silica gel column
chromatography (ethyl acetate/petroleum ether = 1/20, v/v) to afford the product.

(E)-2-(3-phenylfuran-2-yl)cycloheptan-1-one oxime (3b)

Yield: 53%, yellow oil, R = 0.35 (petroleum ether/AcOEt20:1).

IH NMR (400 MHz, CDCla)i 8 . 48 ( $7.37 (m5H), 7.34 .7.278(m, 1H), 6.50 (d]= 1.8
Hz, 1H), 4.00 (ddJ = 9.9, 6.1 Hz, 1H), 2.99 (ddd,= 14.0, 6.7, 2.7 Hz, 1H), 2.47 (dddiz 14.3, 11.8,
2.7 Hz, 1H), 2.13 2.00 (m, 2H), 1.96 1.83 (m, 3H), 1.67 1.52 (m, 1H), 1.50 1.38 (m, 1H), 1.38
1.27 (m, 1H).

BBC NMR (101MHz,CDCls)i 163. 4, 1581286, 128.3, 126.0,121.3,313.6, 42.0,
31.7,30.8, 27.0, 26.6, 25.6.

HRMS (ESI) ([M+H]*) Calcd. for E17H2oNO2]*: 270.1489 Found 270.148.
Ph

oPh
o
I N 4 Meo,c—=—co,me Tolene _ 6
o 90°C, 8h
CO,Me CO,Me
2m 3¢, 65%, dr > 20:1

To a 10mL ovendried roundbottom flask with a magnetic stirring b&m (50.8 mg, 0.2 mmol),
dimethyl acetylenedicarboxyla@42.1mg, 1.0 mmol,5.0equiv.), and toluene (2.0 mL) were added in
sequence und@t; atmosphere. Then the reaction mixture was stirr€0 at for 8 h. When the reaction
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was completed (monitored by TLC), the crude reaction mixture was purified by flash column
chromatography osilica gel(petroleum etherEtOAc = 10:1) to givés1.5mg of pure producBc as
yellow oil, 65% yield.

MeO,C  CO,Me

3c

Yield: 65%, dr > 20:1,yellow oil, R = 0.35 (petroleum ether/AcOEt = 10:1).

'H NMR (500 MHz, CDCl3) i 7 . 387.1(Hd, 2H), 7.31 ( = 7.6 Hz, 2H), 7.23 (1) = 7.5 Hz,

1H), 6.95 (dJ = 2.2 Hz, 1H), 5.73 (d] = 2.2 Hz, 1H), 4.10 (dd] = 10.2, 2.8 Hz, 1H), 3.91 (s, 3H),

3.80 (s, 3H), 2.28 2.15 (m, 1H), 2.00 1.83 (m, 5H), 1.79 1.70 (m, 1H), 1.67 1.55 (m, 2H), 1.5%

1.41 (m, 1H).

BC NMR (125MHz,CDCI3)G 210. 1, 165.2, 163.1, 159.7, 154,
1260, 99.6, 83.4, 52.5, 52.3, 48.2, 43.5, 29.1, 28.7, 28.5, 23.8.

HRMS (ESI) ([M+H]*) Calcd. for [C23H2506]*: 397.1646 Found.397.164.

Il . General X-ray Procedures

Experimental Procedure Single crystals2o§ was recrystallized byDCM/MeOH solvent system. A
suitable crystal was selected and measured on a Agilent SuperNova, Dual, Cu at zero, AtlasS2
diffractometer. The crystal was kept at 100.0(2) K during data collection.

1Crystallographegwinformation for

Ellipsoiddrawing of the crystal structure &iv. The crystal oPw was obtained by slow evaporation@EM/MeOH

solution at rt.

Table 1Crystal data and structure refinement for 2w.

CCDC 1989586
Identification code C36
Empirical formula CsoH3403
Formula weight 442 .57
Temperature/K 100.00(10)
Crystal system monoclinic
Space group P2

alA 7.2131(4)
b/A 14.0281(7)
c/A 11.7885(7)
u/ A 90
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b/ A 93.280(5)

o/ A 90

Volume/A3 1190.88(11)

VA 2

} cag/c? 1.234

e/ mm 0.078

F(000) 476.0

Crystal size/mm 0.13 x0.12 x0.11

Radiation MoKU (& = 0.710
2U range f or 4518t050

Index ranges -8 O KL 60 8,k 30 Q1
Reflections collected 7053

Independent reflections 3627 [Rnt= 0.0541, Bigma= 0.0795]
Data/restraints/parameters 3627/1/300

Goodnesf-fit on P 1.004

Final R i nde R;=0.0447, wR=0.0901

Final R indexes [all data] R:= 0.0535, wRR= 0.0965
Largest diff. peak/hole / e#0.18£0.22

Flack parameter 0.0(10)

Table 2 Fractional Atomic Coordinates (X10f) and Equivalent
Isotropic Displacement Parameters (Bx103) for 2w. Ueqis defined a:

1/3 of of the trace of the orthogonalised Jtensor.

Atom X y z U(e
03 8785(3 6262.2(16 268(2)
01 7519(4 928.9(19 7014(2,
02 4482(4 6252.9(18 -564(2
C13 6739(5 4720(2 1482(3
C18 6002(5 5754(2 1201(3
C19 7428(5 6491(2 1013(3
C17 4494(5 5710(2 246(3
C12 8194(5 4784(2 2469(3
c22 7759(5, 7380(2 1439(3
C20 9959(5 7023(2 250(3;
C14 5072(5 4126(2 1862(3
Cc28 47105 7936(2 2127(3
C9 5642(5 3139(2 2352(3
C4 7827(5, 2229(2 3813(3
Cc23 6643(5 7932(2 2217(3
C1 7638(5 1266(3 6064(3

23

a)

20.8(6
32.8(7
30.2(7,
15.5(8;
16.6(8,
17.5(8!
18.7(8,
18.9(8!
16.8(8
20.9(9!
14.0(8;
21.0(9
16.9(8
17.3(8,
19.6(9;
22.7(9



c3 9242(5,

c11 8841(5
C16 2964(5
c5 6110(5.
C15 3590(5
C6 6039(5,
C29 8707(5
c7 4473(5
c21 9412(5,
C00Q 7575(5
cs 3965(5
C10 7211(5.
c27 3703(6
c2 9475(5
C26 4589(6
c24 7511(6.
C25 6511(6.

2411(2
3811(2
5013(3
1740(2
4040(3
1360(2
1576(3
1684(2
7712(3
4278(2
2644(2
3215(2
8487(3
1572(3
9051(3
8510(3
9056(3

4814(3
2887(3

407(3)
4222(3

889(3!
5263(3
2934(3
3382(3

944(3)

435(3)
2827(3
3282(3
2837(3
5636(3.
3663(3
3055(4
3780(4

21.9(9
19.7(8,
21.2(9
17.7(8,
19.4(8,
22.0(9
23.1(9
20.7(9.
20.9(9
20.8(9)
21.1(9
16.9(8;
27.2(10
22.3(9
31.6(11
27.7(10
32.2(10

Table 3 Anisotropic Displacement Parameters (A&L03) for 2w. The

Anisotropic  displacement

factor

2 2[h2a*2U11+2hka*b*U 1+ é ] .

Atom  Unur

03 18.1(14
01 35.6(17
02 29.9(17
C13 15(2)
Cc18 20(2)
C19 19(2)
Cc17 19(2)
C12 20(2)
Cc22 15(2)
C20 15(2)
Cl4 12.1(18
c28 20(2)
C9 17(2)
C4 16(2)
c23 23(2)
C1 29(2)
C3 21(2)

U2z
18.5(13
37.9(16
31.2(15
15.2(18
15.4(18
17.0(19
16.6(18
14.7(18
13.8(18
20.2(18
13.5(16
18.5(19
15.5(18
15.3(18
13.1(18
15.4(18

23(2)

Uss
26.5(14
25.0(16
28.6(15
17(2)
15.2(18
16.9(19
20(2)
22(2)
21(2)
28(2)
16.3(19
25(2
19(2
21(2
23(2
24(2

)
)
)
)
)
22(2)

exponent

U2s
0.1(11
12.5(13
11.4(14
-0.7(16;
2.5(16
2.1(16
-1.3(17
2.3(16
4.5(16
8.6(17
-2.5(16
0.5(17
-2.4(16
3.3(16
2407
1.7(18
5517

24

takes the form: -

Uiz Uiz
7412 0.2(12
29(13  2.2(14

5313 -4.2(13
1.9(15  0.5(15
5.4(15 -0.8(17
3.3(15 3.1(16
0.5(16] 6.9(17
1516 -3.0(16
0.5(16,  1.4(15
5517  0.1(17

-0.6(15 -0.9(16)

12(17 0917
1.6(16. -1.0(15
1.6(16 -1.1(16
0.3(17  1.5(16
3.017  0.4(18
0717 1.3(17



c11
C16
c5
C15
C6
C29
c7
c21
C00G
cs
C10
c27
c2
C26
C24
C25

15(2
18(2
17(2
17(2
19(2
19(2
16(2
18(2
22(2
15(2
15(2
24(2
23(2
46(3
25(2
37(3

LN b A W D A R A

20.2(19
25(2)
9.6(17
20.6(19
17.9(18
23.1(19
17.7(18
17.3(19
17.3(19
21.3(19
15.2(17
25(2)
20.8(19
19(2)
22(2)
23(2)

Table 4 Bond Lengths for2w.

Atom Atom  Length/A
03 C19  1.389(4)
03 C20  1.364(4)
01 Cl  1.224(4)
02 C17  1.221(4)
C13 C18  1.573(5)
C13 C12  1.524(5)
C13 Cl4  1.551(5)
C13 CO0C  1.535(4)
C18 C19  1.483(5)
C18 C17  1.522(5)
Cl9 C22  1.361(5)
C17 C16  1.495(5)
Cl2 C11  1.516(5)
C22 C23  1.475(5)
C22 C21  1.435(5)
C20 C21  1.340(5)
Cl4 C9  1.547(5)
Cl4 C15  1.527(5)
C28 C23  1.392(5)

23(2
21(2
27(2
20(2
30(2
27(2
29(2
27(2
23(2
27(2
20(2
33(3
23(2
31(2
36(3
36(3

N N no N D o D o 2~ o o ~—o

Atom Atom

C28
C9
C9
C4
C4
C4
C4

C23
C1
C1
C3

Cl1

Cl6
C5
C5
Cc7

c27

C26

C24

c27
C8
C10
C3
C5
C29
C10
C24
C6
Cc2
c2
C10
C15
C6
c7
Cc8
C26
C25
C25

2.8(17,
0.6(17
-1.3(16)
1.8(18
2.5(18
5.2(18
5.8(17
6.0(18
-0.3(16,
5.0(17
1.2(16
4.2(19
3.2(17,
2(2)
-3.8(19,
-7(2)

Length/A
1.376(5)
1.529(5)
1.534(5)
1.537(5)
1.518(5)
1.546(5)
1.572(5)
1.398(5)
1.454(5)
1.507(5)
1.526(5)
1.536(4)
1.536(5)
1.342(5)
1.499(5)
1.532(5)
1.383(6)
1.386(6)
1.380(5)

25

-3.4(16,
-2.3(16)
2.6(16
-1.4(15,
7.2(17,
3.9(17
0.5(16,
-1.7(16,
45017
-1.5(16)
2.7(16
4.8(19
-2.5(17)
17(2)
0.1(19
0(2)

-2.9(16,
0.9(17
0.7(15

-2.8(17)

-2.2(17,
3.5(17

-6.1(16

-1.5(17

-2.2(16,

-1.0(16,

-1.2(16,
2.5(19
2.9(17,

9(2)

-2.6(19)

-5(2)



Table 5 Bond Angles for2w.

Atom Atom Atom

C20
C12
C12
C12
Cl4

03
C13
C13

C13 C00C

C13

C00C C13
Coog¢ C13

C19
C19
C17
03
C22
C22
02
02
C16
Cl1
C19
C19
Cc21
C21
C9
C15
C15
Cc27
C8
C8
C10
C3
C3

C18
C18
C18
C19
C19
C19
C17
C17
C17
C12
Cc22
Cc22
Cc22
C20
C14
Cl4
Cl4
Cc28
C9
C9
C9
C4
C4

C19
C18
Cl4

C18
C18
C14
C13
C17
C13
C18
03
C18
C18
C16
C18
C13
C23
C21
C23
03
C13
C13
C9
C23
C14
C10
Cl4
C29
C10

Angl e/ AtomAtom Atom

106.9(3) C5 C4 cCs3
108.4(3) C5 C4 C29
108.8(3) C5 C4 C10
110.6(3) C29 C4 cC10
107.4(3) C28 C23 C22
110.3(3) C28 C23 C24
111.2(3) C24 C23 C22
116.4(3) 01 Cl1 Cé6
113.0(3) 01 C1 c2
109.7(3) Ccé C1 cC2
116.9(3) C2 C3 cC4
109.3(3) Cl12 Ci11 cC10
133.8(3) Cl17 C16 C15
121.7(3) Cé C5 C4
122.4(4) cée C5 C7
115.8(3) C7 C5 C4
112.4(3) Cl14 C15 C16
128.4(3) C5 C6 cC1
106.3(3) Cs C7 (8
125.3(3) C20 C21 cC22
110.5(3) C7 C8 (9
113.3(3) C9 Cl10 c4
110.3(3) C9 C10 Cc11
111.7(3) Cl1 C10 cC4
121.1(4) C28 C27 C26
110.2(3) Ci1 C2 cCs3
109.7(3) C27 C26 C25
112.0(3) C25 C24 C23
109.5(3) C24 C25 C26
108.6(3)

Table 6 Hydrogen Atom Coordinates (AX10%
Parameters (Ax103) for 2w.

Atom

H18

X

5377.22

5961.8¢

26

Angl e/

110.4(3)
108.6(3)
107.9(3)
111.8(3)
122.3(3)
117.2(3)
120.4(3)
122.3(3)
121.7(4)
115.9(3)
113.8(3)
111.2(3)
115.1(3)
123.0(4)
120.9(3)
116.1(3)
112.7(3)
124.0(3)
113.3(3)
107.1(3)
112.4(3)
113.8(3)
111.5(3)
113.3(3)
120.7(4)
111.4(3)
119.5(4)
122.0(4)
119.4(4)

and Isotropic Displacemen

1874.71

U(eq)
20



H12A 9254.17 5141.7¢ 2229.22 23

H12B 7676.13 5128.5: 3090.38 23
H20 10994.77 7059.2 -183.19 25
H14 4516.55 4482.3¢ 2471.52 17
H28 4088.85 7560.1: 1578.31 25

H9 6081.64 2747.31 1733.31 20

H3A 10436.61 2555.94 4517.87 26

H3B 8851.16 2965.6 5230.24 26

H11A 9761.12 3887.19 3513.12 24

H11B 9421.41 3477.33 2279.85 24

H16A 2294.7 4911.13 -319.86 25

H16B 2102.53 5292.71 914.97 25

H15A 2522.21 3706.82 1159.2 23

H15B 4078.39 3661.12 285.32 23

H6 4896.18 1144.29 5486.5 26

H29A 9817.17 1868.58 2685.04 35

H29B 7842.29 1484.32 2293.46 35

H29C 9009.01 970.98 3276.3 35

H7A 3411.02 1446.68 3764.93 25

H7B 4743.98 1230.2 2793.15 25

H21 9993.82 8296.31 1079.38 25

HOOA 6829.07 4448.43 -234.59 31

HOOB 7603.07 3597.05 512.56 31

HOOC 8815.55 4512.58 373.54 31

H8A 3437.11 3055.61 3385.66 25

H8B 3026.91 2542.17 2216.66 25

H10 6695.9 3578.41 3900.55 20

H27 2413.09 8479.51 2759.65 33

H2A 10031 1040.86 5253.29 27

H2B 10306.9 1753.91 6274.75 27

H26 3899.56 9424.17 4136.81 38

H24 8801.42 8527.52 3127.21 33

H25 7122.38 9423.69 4340.81 39

Crystal structure determination of [2w]
Crystal Data for CsoH3403 (M = 442.57 g/mol): monoclinic, space group:R2o. 4),a =
7.2131(4)A, b= 14.0281(7)A, ¢ =11.7885(7)A, b = 93.280(5)V = 1190.88(1143,2z=2,T=
100.00(10K , & ( M®.B78 i, Dcalc=1.234g/cn®, 7053 refl ections measu
2U O 50A), R36®0541,WBHmi=0025) (vhich were used in @khlculations. The
finalRrwas 0. 0447 WRwas0.02d5 (all datp). a nd

Ref erences:
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IV . Copies of NMR spectra
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