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1 Ivdropalladium carboxvlates. formed from z-allvIpalladium chloride dimer plus carboxylic acids, have been
shown to catalvze cvelization of structurally diverse enedivnes to torm the corresponding six- or five-mem-
bered rings depending upen the reaction conditions. Some enedivnes having an oxv gen linker in an appropriate
position under the similar condition vielded the corresponding cvelopropanation products in highly stereose-
lective manner. A study using deuterated formic acid has proven that the alkvlpalladium intermediates formed
in our conditions were reduced by the pendant formate ligand. The dienedivne 10 vielded only the tricvelic
product 12 in 67% vield, although it was expected to form the cvelic praduct L. All these cvclizations seemed
to occur vig the corresponding alky Ipalladium intermediates ., which could proceed to the corresponding cvelic
products depending on the reaction conditions and the substrates. The studv using deuterated formic acid could
provide an important information to understand the present cvelization mechanism. Overall the present study
could plav an important role in developing new svnthetic methedologies for constructing complex polvevelic

compounds.

Introduction

Palladium caltalvzcd rcactions have long been widely stud-
icd for invention of new organic reactions and also for svn-
theses of complex natural products because  palladium
compounds offcr more possibilitics ol carbon-carbon bond
formation (han any other melal compounds.! Among (he
substrales. polyunsaturaied compounds such as cnediyncs
and cnynes have been subjects for organic synthetic chem-
ists mainly duc to their possibilitics for constructing polycy-
clic compounds in a convenient and cfficient onc slep
rcaction. Terminal or activated (riple bonds arc known (o
undergo facile hvdropalladation with HPdX specics (o form
the corresponding viny Ipalladium specics.” Trost disclosed
such idca 10 invent palladium catalyzed [2+2+2] cvclizations
starting from cnedivnes.* Negishi and his coworkers also
studicd similar cvclizations slarting of dicnync substrates.?
They employed terminal iodooleling pending a triple bond
and another double bond. Oxidative addition of palladium
(0) compounds to iodoolcling could Icad (o the vinylpalla-
dium specics. the same (vpe of intermediates formed in Trost
encdivne cvclization. Onc other variation developed by de
Meijere was bromocnc-yne-ene cvclization.” Negishi and de
Mecijere emploved dienyne substrates. which should eventu-
ally form the corresponding ncopentyl tvpe alkylpalladium
intcrmediales. Both groups have shown that ncopenty| (ype
alkvIpalladium intermediates formed cyclopropane ring sys-
tcms. Grigg reporied the first [24+2+2] palladium catalyzed
cvclization of arvl iodides with enyvnes. where the ncopenty |
tvpe alkvipalladium intermediates have been proposed.®
Trost also proposcd that the ncopenty] tvpe alkyIpalladium
intcrmediate formed from cnedivne cyclization underwent
cvclopropanation as a major route.”
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Scheme 1

We have long been studicd alkylpalladium interinediates
in the following rcasons. First. arc these alkylpalladium
intcrmediates really formed? Sceond. could we alier the next
pathways of these alkylpalladium intermediates? QOur inler-
cst in palladium catalyzed cnedivne cyclizations has
required the substrates which should form ncopenty I-iype
alkylpalladium intcrmediates as shown in Scheme [, The
ncopentyl-type alkylpalladium inicrmediaics (F) having a
conjugated dicne unit were expected to undergo three differ-
ent types of cyclization to form the corresponding six (A).
five (B). and three membered ring (C) depending on reaction
conditions and substratcs (Scheme 1).% Duc to the complex-
ity of these reactions. little atiention has been devoled to
clarfy which factors govern cach of these cyvelization path-
ways. We have reported an important ¢luc to change (hosc
reaction pathways to fonn chemosclectively cither (he six-
membered ring A or the five-membered ring B.* We also
reported  that some  oxyvgen~containing  encdivnes could
undergo cyclopropanation as a major route.'” Tn (his full arti-
cle. we wish to report the scope and limitations of the
present encdivne cvclizations including the experimenial
details and the mechanistic aspects obtained by use of deu-
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terated formic acid.
Results and Discussion

Enediyne 1a and 1b served as our initial substrates shown
in ¢q 1. When a dimethylformamide solution of subsirate 1a,
m-allylpalladium chloride dimer {7 mol %).'! triphenylphos-
phine (14 mol %) and acetic acid (7 mol %) was stirred for 6
h at 90 °C, the reaction was completed to give the corre-
sponding cyclized product 2a in 86% yicld (entry 1). Note
that a ncopentyl type alkylpalladium intermediate has been
successfully  cyclized to  form  [6.6,5]-tricyclic  com-
pounds.*12 When the substrate 1b under the similar condi-
tion was stirred for 4 h at 100 °C, the reaction was sluggish Lo
give the corresponding cyclized product 2b in 10-20% as a
mixture of diastercomers (entry 2).

R R :
+
oTBS oTBS oTBS
2a 3a

1a R-COOEt

Attempts o eyclize the substrate 1b using other palladium
catalysts such as palladium chloride, palladium acctate, and
tetrakis(triphenylphosphine)palladium in DMF  have not
been successful because the dimeric product was readily
formed by C-C coupling between the terminal acetylene
groups of two substrates.

Use of formic acid instead of acctic acid has altered the
reaction pathway dramatically. For example, when a dimeth-
ylformamide solution of substrate 1b, irallylpalladium chlo-
ride dimer (8§ mol %), triphenylphosphine (10 mol %), and
formic acid (20 mol %) was stirred lor 4 h at 80 °C, lhc reac-
tion afforded the corresponding |6,6.5]-tricyclic producl 2b
and the |6.5.5]-tricyclic product 3b in 57 and 17% yields.
respectively {entry 3). This implics that formic acid has par-
ticipated in this rcaction as a reagent. When we used (wo
equivalents of (ormic acid based on the enediyne 1h, we
could isolate the |6,5.5|-tricyclic product 3b as a single iso-
mer in 82% yicld (entry 4). Likewise, the substrate 1a at 90
°C for 6 h under the similar condition also cleanly underwent

Table 1. Palladium Catalyzed Reactions of Encedivnes 1a and 1b in
DME

entry enedi- catalysts and conditions protc.i}ucts
ynes (Vo)

1 la 7 mol % (;-C;3Hs).Pd:Cls. 14 mol % PPh; 2a (86%)
7 mol % AcOH. 90 °C. 6 h

2 Ib 3 mol % (n-C3H5)-Pd-Cls. 10 mol % PPh; 2b{10-20%)
S mol % CH;COOH. 100°C. 4 h

3 Ib 3 mol % (n-C;H:):Pd:Cl;. 10 mol % PPh: 2b (537%)
20 mol % HCOOH, 80°C. 4 h 3b (17%)

4 b 7 mol % (n-C;1:):Pd:Cls. 14 mol % PPh: 3b (82%)
200 mol % HCOOH, 60°C. 4 h

5 la 7 mol % (n-C;1:):Pd:Cls. 14 mol % PPh; 3a (87%)

200 mol % HCOOH, 90°C. 6 h
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cyclization to form the corresponding product 3a in 87%
yicld (entry 5}. These preliminary results prompted us study
unpreeedented [2+2+1] cyelizations which could provide
diverse types of tricycelic [m 5,n]-tricyclic compounds rom
the corresponding acyclic encdiynes and study mechanistic
details in which the present cyclization could oceur vig a
direet carbopalladation of the resultant alkylpalladium inter-
mediate. Under these standard conditions, enediyne 1e was
exclusively transformed to the | 5.5.5]-tricyelic product 3¢ in
72% yield (eq 2). Endiyne 1d. however, did not undergo
cyclization under the similar condition even at 120 °C (eq 3).

\ == 5 mol% (n-allyl),Pd,Clp
20 mol % PPh
= mol % 3 y ( )

HCOOH (2-3 equiv) MeO oTBS

btBs
MeO DMF, 80 °C 1 h

MeO™ 1c MeO 3¢ 729%

XN
5 mol% (r-allyl)2Pd;Cl>
P 20 mol % PPhs 3)

oTBS HCOOH (2-3 equiv) OTBs
DMF, 100 °C, 4h

1d 3d,0%

Note that these palladium-catalyzed reactions alforded the
corresponding tricyclic carbocycles in highly stereoselective
manners determined by NMR spectra. We have chosen the
product 3b and conlirmed its relative stercochemistry by
two-dimensional NOE (NOESY). In order o gain more
insight into the mechanism for these reactions, we have stud-
icd the encdiynes 4a and 4b, whose structures are diflerent
from the enediyne 1a-d in their olelin region. The enediynes
4a and 4b would form the corresponding alkylpalladium
inteemediates that were expected to undergo S-climination to
the corresponding 1.3,5-tricnes more readily than any other
pathways. Surprisingly, the substrates 4a and 4b under our
conditions cleanly underwent cyclization to afford the corre-
sponding 5-membered rin;:s Sa and Sb without formation ol
the cotresponding 1,3.5-triches 6a and 6b, respectively (cq

4. 5).
Il 5 mol% (r-allyl),Pd,Ch,
= 20 mol % PPhg y . P 4
OTBS HCOOH (2-3 equiv), DMF oTBS oTBS
4a 80°C, 4h 5a,74% 6a,0%
B
\ =
| | 5 mol% (r-aliyl),PdoCly .
P 20 mol % PPhg ; . (S)
éres HCOOH (23 equiv), DMF oTBS oTBS
“® 80°C,2h 5b, 66 % 6b, 0%

While working on enediyne cyclization, we found a limi-
tation of this present methodology, that a substrate le gave
an uncxpected product 7 along with the desired tricyclic
product {eq 6).

[
0l \l/\o 5 mol% (n-allyl)oPdaCly H
= 20 mol % PPhs
: 6)
HCOOH (2:3 equiv), DMF (
80°C,2h o
1e 7,31%

Our study showed that the substrates 8a-d possessing an
ctheral oxygen in the appropriate position alforded the corre-
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sponding cyclopropanation products in moderale to high
yields summarized in eq 7-9. We should note that these
products 9a-d were stercochemically pure when analyzed by
LT NMR and “C NMR spectra.
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5 mod {=-aliylFaslh

| 12 mal 5 PPhsy Ol
S I RCCOH (3 equivy, DMF (7
709G, 2h, 51 % 5
s8a © 9a, 51%
| 5 mol (-alylPdCh  EOOC
| 10 mol % PPhy I H
E00C S HCOOH (3 equiv), DMF (8)
Et00C s
70°C, 2h N
8b o 9b, 71%

I S moRs {r-allylyPdsCly P
| 10 mot % PPNy >< "
[e) e °
HCOOH {3 equivy, DMF
o,
#\0 d  mtzn o ©)
R

8¢, R = CH,CH,CH, 9c, 59%
80, R = CH(CHL)» 9d, 50%

We have (urther studied our cyclization method in order to
apply to construction of the more complex carbocycles like
11. Thus, when the readily available dienediyne 10 under the
similar condition was heated at 140 °C for 4 h in DMF as
shown in Scheme 2. the reactions chemo- and stereoselec-
tively aflorded the corresponding |6.5,5]-tricyclic compound
12 in 67% yiceld.

These results could be understood in terms of our previ-
ously proposed mechanism as shown in Scheme 3. The acti-
vated triple bond in substrate S regiosclectively reacts with
the FIPAX and then with the internal triple bond to form the
vinylpalladium intermediate fa. which then further reacts
with a pendant double bond stereosclectively to form the
(ncopentyl type) alkylpalladium intermediate 7h. Although
B-climination was known to be a major route for some cascs,
we could not detect any such products. Under these mild
conditions, carbopalladation should compete over f-climi-
nation (1o f¢) to form the next alkylpalladium intermediates
Id or Ie depending upon the reaction conditions.

In the presence of only a catalytic amount of acids, the
intermediate £ can irreversibly cyelize to form the [6.6.5]-
tricyclic product A vig the intermediate fe. In the presence of
excess [ormic acid, however, the intermediate 7h may form
the unstable intermediate fd which reductively cleaves to
form the stable product B and palladium(0) which can
reform HPAX with formic acid.

o 5 mol% (n-allyl),Pd,Cly
X 10 mol % PPhy
= HCOOH (2-3 equiv), DMF | 1y

140°C, 4 h

OTBS
10

oTBS oTBS

11,0 % 12,67 %
Scheme 2

<" PdOOCH
HPdOOCH cHoa pdoogt
X
1a PO”
Aempendem
PAOOCH
(CHyY excess H’ # (PIOOCHE o cinl
2 WR O [2v2+0] CHaz | 1R If R=H X
e pg”
id po”
fast catalytic H*
[2+2+2) HPdX
Pd(0) + CO,

HCOOPd

Scheme 3

In order 1o gain more insight in the present eyclization, we
prepared deuleraied product 3b by employing deuterated
formic acid (DCOOD. 90% deutetium content) (eq 10). As
expected, about 1.3 deuterium per the product 3b was found
by analyzing mass speetral analysis of the molecular ion
peaks. This revealed that our proposed mechanism would be
operating. '

I N 5 mol (n-allyl)Pd,Cly @D
10 mal % PPhs H
7 " DCoOD @ equy E (10)
OTBS DCOOD gz equiv) OTBS
DMF, 60 °C, 4 h
1b 3b

In the case of encdivnes possessing an cther oxygen, the
intcemediate 76 might chelate with the ctheral oxygen, so
that subscquent carbopalladation could form the intermedi-
ate If. In the presence ol formic acid. the intermediate If
could reductively cleave to form the cyclopropanation prod-
uct € and palladium(0), which can relorm HPAX with for-
mic acid as shown in eq 1.

X ¥
: Pd
Pd P H _
(1 /g gl q Sﬁ (n
o] X O
Ia ib If

In conclusion, the present cyclizations scemed 1o oceur via
the corresponding alkylpalladium intermediates £, which
could proceed Lo the corresponding cyclic products depend-
ing on the reaction conditions and the substrates. The study
using deuterated formic acid provided an important inlorma-
tion 1o understand the present cyclization mechanism. Over-
all the present study could play an important role in
developing new synthetic methodologies [or constructing
complex polycyclic compounds.

Experimental Section

General procedure for the |2+2+2] cyclization of
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enedivnes. In a 5 mlL test tube were placed enedivne 1a
(77.8 mg. 0.19 mmol). tripheny] phosphine (7.0 mg, 0.026
mumol), allylpalladium chloride (2.4 mg. 0.013 mmol) and
drv N.N-dimethylformamide (1.0 mL). The resulting mix-
ture was treated with acetic acid (7.3 yL. 0.013 mmol) under
argon atmosphere. The mixture was stimred for 10 min at
room temperature and for 6 h at 90 °C preheated oil bath.
Then. the reaction mixture was concentrated under reduced
pressure and separated on silica gel chromatography using a
3:95 mixture of ethvl acetate and hexane to give the cyclized
product 2a (66.7 mg. 86%) as a colorless oil. 2a: '"H NMR
(300 MHz. CDCl5) & For major isomer 4.41 (d../ 2.0 Hz,
1H). 4.22-4.08 (m. 2H). 3.30-3.04 (m. 1H). 2.45-2.2.20 (m.
3H). 2.20-2.02 (m. 1H). 1.80-0.82 (. 7H). 1.28 (t..J 7.2
Hz. 3H). 1.09 (s. 3H). 1.03 (5. 3H). 0.98 (s. 3H). 0.94 (s, YH).
0.10 ¢s. 6H): '*C NMR (75 MHz. CDCl3) 6 169.40. 150.11.
147.65. 14749, 14512, 127.52. 127.35, 12093, 11933,
82.17. 79.83. 39.74 39.65. 51.93. 50.24. 43.71. 42.72,
J0.26. 39.68. 38.76. 3495, 28.31. 28.05. 27.80. 27.73,
27.50, 2597, 2378, 25.72. 24.39. 24.15. 23.65. 23.36.
22.85,22.71.22.03. 18.20. 18.00. 14.23, 13,96, -3.97. -1.10,
-1.12. -4.68; IR (neat. cm ') 2903, 1696, 1562. 1440, 1358.
1238.

2b: '"H NMR (300 MHz. CDCls) & For major 5.40-3.17
(m. 1H). 3.83 (s. LH). 2.42-2.22 (m. 1H). 2.22-2.07 (m. 1H).
2.06-1.65 (m. 3 H). 1.64-1.45 (. 2H). 1.30-1.18 (m. 4H).
104 (s. 3H). 0.94 (s. 3H). 0.90 (s. YH). 0.88 (s. 3H). 0.95-
0.82 (m. 2H). 0.06 (s. 3H). 0.02 (s. 3H).

General procedure for the [2+2+1] cyclization of
enedivnes. In a 3 mL test tube were placed enedivne 1a
(88.8 mg. 0.21 mmol). tripheny] phosphine (7.7 mg, 0.029
mumol), allyvlpalladinm chloride (2.7 mg. 0.015 mmol). and
dry N.N-dimethylformamide (1.0 mL). The resulting mix-
ture was treated with formic acid (0.025 mL. 0.4 mmol)
under argon atmosphere. The mixture was stirred for 10 min
at room temperature and for 6 h at 90 °C preheated oil bath.
Then. the reaction mixture was concentrated under reduced
pressure and separated on silica gel chromatography using a
595 mixture of ethyl acetate and hexane to give the
cvclized product 3a (77.3 mg. 87%) as a colorless oil.

3a: 'H NMR (300 MHz. CDCl;) §4.21-4.08 (m. 2H). 3.79
(s. IH). 2.75(d..7 13.2 Hz. 1H). 2.44-2.32 (m. 2H), 2.25
(d../ 132 Hz. 1H). 2.16-2.07 (m. LH). 2.04-1.75 {m. 2H).
1.72-148 (m. 5H). 1.29 (s. 3H). 1.25 (t. ./ 7.0 Hz. 3H).
1.32-1.24 (m. 1H). 1.04 (5. 3H). 0.98-0.86 (m. 1H). 0.87 (s.
9H). 0.84 (s. 3H). 0.04 (s. 3H). -0.03 (s. 3H): 1*C NMR (75
MHz. CDCl3) §172.59. 146.67. 138.25. 76.61, 39.84. 54 87.
53440, 51.69. 51.63. 4530, 4048, 39.89. 31.33. 3001,
27.38. 2576, 2483, 24.71. 22.03. 18.10. 14.18. -4.57. -5.33:
IR (neat. cm™) 2910, 2845, 1721, 1450, [248. 1164. 1084.

3b:'H NMR (300 MHz, CDCl3) 63.79 (s. LH). 2.34 (ddd.
J o 126.6.0,1.8Hz 1H). 1.93(ddd..7 12.6.118.6.0Hz
1H). 1.84-1.70 {m. I1H). 1.76 (d..J 12.6Hz LH).162(d..J

12,6 Hz, 1H). 1.57-148 (m. 1H). 1.52 (d..J 129 Hz.
1H). 1.32-1.16 (m. 2H). 130 (s. 3H). 1.26 (d../ 129 Hz.
1H). 1.21 (5. 3H). 1.05 (s. 3H). 0.96-0.86 (m. 2H). 0.89 (s.
9H). 0.84 (s. 3H). 0.06 (s. 3H). -0.00 (s. 3H): 1*C NMR (75
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MHz, CDCls) 8 145.01, 139.72. 76.38. 59.69. 54.34. 51.41.
49.16,4541. 44.34.31.95,29.92. 27.77. 25.81. 24,91, 24 .81.
24.31, 2245, 18.14, -4.54, -5.33; FT-IR (CHCI;, cm ') 2953,
2928, 2858, 1463, 1371. 12534, 1084, 1069. 1043 HRMS
calcd for CooH.OSIi (M) 348.2848, found 348.2838.

3¢ 'H NMR (300 MHz, CDCl5) 8 3.69 (s, 1H). 3.36 (s.
3H). 3.36-3.28 (m. 2H). 3.30 (s, 3H). 3.13 (Abq../ 9.0 Hz.
=78 Hz, 2H). 2.053 (Abq../ 159 Hz. =25.2 Hz, 2H). 1.43
(Abq../ 12.3 Hz. =147 Hz. 2H). 1.50 (Abq../ 13.2 Hz,
=13.2 Hz. 2H). 1.35 (s. 3H). 1.27 (s. 3H). 1.23 (Abq. J
13.5 Hz, =22.5Hz. 2H). 1.04 (s. 3H). 0.94 (s. 3H). 0.87 (s.
9H). 0.04 (s. 3H). 0.00 (s. 3H): "*C NMR (75 MHz. CDCl3)
S 14537, 14461, 77.79. 77.33. 77.24, 61.24, 39.18. 59.06.
58.66, 3744 5443, 49.15, 48.07. 45 48, 31.28. 30.08, 29.84.
27.45,25.77. 24.80. 18.13. -4 41, -5.38: IR (neat. cm ') 2920.
2845, 1450, 1245. 1105,

5a:'H NMR (300 MHz. CDCl5) 63.74 (s. LH). 3.19 (m.
1H). 2.36 (m. 1H). 2.01 (dd../ 11.7.7.5Hz 1H). 1.97-1.84
(m. 1H). 1.80 (dd. /7 11.7. 10.5 Hz. lH). 1.82-1.68 (m.
2H). 1.55-1.40 (m. 1H). 1.31-1.15 (m. 3H). 1.07 {(s. 3H).
1.02 (s. 3H). 0.99-0.82 (m. 2H). 0.86 (s. 9H). 0.83 (5. 3H).
0.02 (s. 3H). -0.05 (s. 3H): '*C NMR (75 MHz. CDCl3) &
142.96. 138.80. 75.88. 51.95. 30.60. 46.23. 43.42. 43.05,
42,94, 2927, 2731, 2571, 25.02. 23.95. 22,54 2191,
18.08. -1.62. -3.31: IR (neat. cm ') 2975, 2900. 1480, 1280.
1100, 10335,

Sb:'H NMR (300 MHz. CDCl3) §4.54 (t.J 3.0 Hz. 1H).
395 (m. 1H). 2.36 (m. IH). 1.93 (dd../ 12.6. 78 Hz. IH).
1.91-1.80 (m. 1H), 1.78-1.50 (m, 7H). 1.28-1.20 (m. 2H).
114 (s. 3H). 1.12-1.03 (m. 1H). 1.01 {s. 3H). 0.88-0.80 (m.
LH). 0.87 (s. 3H). 0.84 (s. 9H). 0.01 (s. 3H). -0.06 (s. 3H):
'*C NMR (75 MHz. CDCls) & 140.09. 134.46, 64.56. 50.20,
47.98. 47.04. 4635, 42.54 36.52. 3391, 31.38. 2747,
27.23.25.68.23.60. 23.39. 22.84. 17.82. -4.62.-5.17.

General procedure for cyclopropanation of enediynes,
[n a 5 mL test tube were placed enedivne 8a (79.5 mg. 045
mmol). triphenyl phosphine (11.8 mg. 0045 mmol).
allylpalladium chloride (4.1 mg, 0.022 mmol). and dry N.N-
dimethylformamide (1.0 mL). The resulting mixture was
treated with formic acid (0.050 mL. 1.4 mmol) under argon
atmosphere. The mixture was stirred for 10 min at room
temperature and for 2 h at 70 °C preheated oil bath. Then. the
reaction mixture was concentrated under reduced pressure
and separated on silica gel chromatography using a 5: 93
mixture of ethyl acetate and hexane to give the cyclized
product 9a (40.9 mg. 51%) as a colotless oil.

9a:'H NMR (300 MHz, CDCl;) § 5.09 (dd..7 4.4. 2.1
Hz 1H). 492(dd..J 44.24Hz IH).436(d../ 138Hz
IH). 429 (dq../ 138,24 Hz IH).403@dd..J 87.7.2
Hz 1H). 3.79(d..7 78 Hz IH).376(d..7 9.9Hz IH).
371(t..7 78Hz 2H).333(d..J 7.8Hz IH).2.56(t..7
69 Hz IH). 1.29(s. 3H).0.72 (d..7 4.5Hz [H).0.30(d..J

4.5 Hz. 1H): *C NMR (75 MHz. CDCly) d 148.63,
L105.65. 7482, 73.24. 72.26. 69.80. 4501. 3251, 27.58,
18.27. 14.55; IR (neat. cm™) 2910. 2840. 1650. 1440, 1063.

9b: 'H NMR (300 MHz. CDCl3) §5.10 (bs. 1H). 4.77 (bs.
[H). 420 {(m. 4H). 381 (d../ 8.1Hz IH).380(d../7 78
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Hz. 1H).3.66 (d./ 7.8Hz. 1H).3537(d./ &8.1Hz IH).
3.06 (bd../ 16.8 Hz. 1H). 292 (dq../ 16.8.2.4 Hz 1H).
2,60 (m, 1H). 243 (i, 1H). 1.95(dd.J 12.6.11.7 Hz. 1H.
1.26 (t../ 7.2 Hz. 6H). 1.22 (s. 3H). 0.72 (d. / 4.2 Hz.
1H). 0.30(d../ 4.2 Hz. IH): '*C NMR (75 MHz, CDCl;) §
171.79. 17135, 147.69. 108.537, 75.23, 69.533. 61.54, 61.49,
38.07. 43.73. 4114 39.08, 3257, 2774, 1841, 1433,
13.91: IR (neat, cmn ') 2910, 2840, 1725. 16H). 1430

9¢:'H NMR (300 MHz. CDCls) § 5.09 (s. 1H). 4.76 (bs.
1H). 402 (d.J 63 Hz 1H).3.73(d..7 8.1 Hz. 1H). 3.67
(Abq../ 114 Hz. =93 Hz. 2H). 3.39 (Abq../ 11.7 Hz.
=1.8 Hz. 2H). 349 (d../ 8.1 Hz. 1H). 2.48-2.38 (m. 2H).
2.19-2.04 (m. 2H). 1.60-1.25 (. 3H). 143 (s. 6H). 1.17 (s.
3H). 0.91 (t.J 6.6Hz 3H).0.72(d.J 4.5 Hz 1H).0.20
(d. 4.5 Hz. 1H): *C NMR (75 MHz. CDCl3) & 149.24.
109.68. 98.01. 79.20, 73.82. 69.54 67.09. 41.61. 4134
3997, 37490 3546, 335.19. 28.05. 2415, 23.21. 19.73.
15.64. 14.59. 14.25: IR (neat, cm ') 2900. 1643, 1450,

9d: '"H NMR (300 MHz. CDCl3) 6 5.10 (s. LH). 4.76 (bs.
IH). 391(d.J 3.0Hz IH).370(d../ 8.1 Hz 1H).3.66
(Abq..J 114 Hz. =6.6 Hz. 2H). 3.58 (Abq../ 11.7 Hz.
=24 Hz. 2H). 3.4 (d. ./ 8.1 Hz 1H). 247 (m. 1H). 2.41
(m. 1H). 2.19-2.06 (m. 2H). 1.82 (m. 1H). 1.52 (dd..J 12.9,
11.4 Hz. 1H). 1.43 (s. 6H). 1.15 (s, 3H). 1.01 (d../ 6.9 Hz
3H). 093(d.J 6YHz 3H).088(d../ +4.8Hz 1H). 025
(d..J 4.8 Hz. 1H). *C NMR (75 MHz. CDCl;) § 148.93.
109.98. 98.02. 82.66. 73.50. 69.55. 66.93. 41.68. 11.59,
40.01. 37.40. 33.20. 31.14. 2637, 2414 23.22, 21.18.
1643, 16.09. 14.62: IR (neat. cm ') 2925. 18350, 1650, 1455.
1385, 1370. 1200,

12: '"H NMR (300 MHz. CDCl3) & +.81 (s. 1H). 4.62 (s.
1H). 3.80 (s. 1H). 3.13 (d../J 189 Hz. 1H). 2.5+ (d. J
189 Hz. 1H). 2.39 (. 3H). 2.30 (s. 3H). 2.16 (d../ 13.2
Hz. 1H). 2.10 (m. 1H). 1.90 (m. 1H). 1.77 (m. 1H). L.64-
1.46 (m. 4H). 1.33-1.20 (m. 2H). 1.28 (d../ 13.2 Hz. 1H).
1.19 (s. 3H). 1.14 (s. 6H). 1.04 (s, 3H). 0.88 (s, 9H). 0.8 (s,
3H). 0.05 (s. 3H). 0.00 (s. 3H): '*C NMR (75 MHz. CDCly)
6 214.65. 146.40. 142,70, 139.16. 114.05, 79.13. 5541
5427, 3L.70. 5089 4744 47.10. 4331, 40.85, 39.21,
32.18. 2998, 2741 2580, 2531. 25.27. 25.08, 2483,
24.34.22.40. 18.12_ -4.49.-5.28: IR (neat. cm™) 2900, 28235.
1693, 1440, 1240. 1060.
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