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Synthesis of Dictyopterene A:
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Optically Active Tributylstannylcyclopropane as a Chiral Synthon
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Synthesis of (15,2R)-1-[(E)-hex-1-en-1-yl]-2-vinylcyclopropane (dictyopterene A), which was isolated from the
essential oil of algae of the genus Dictyopteris in Hawaii, has been demonstrated using optically active tributylstannylcy-

clopropane as a starting chiral synthon.

The cyclopropyl group is found as a basic structural ele-
ment in a wide range of naturally occurring biologically ac-
tive compounds in plants and in microorganisms, both fungal
and bacterial.' Dictyopterene A (1) was isolated from the es-
sential oil of the genus Dictyopteris in Hawaii and is known
as a sex pheromone of the algae.> We were attracted by its
unique structure in which a chiral cyclopropane moiety was
involved at the center position between two double bonds.
Investigating the synthesis of dictyopterene A should provide
important information on the chemistry related to the syn-
theses of various types of chiral cyclopropane compounds,
and we therefore chose compound 1 as the synthetic target
molecule of the present study using two kinds of optically
active tributylstannylcyclopropane derivatives as chiral syn-
thons.

The retrosynthetic analysis suggests three pathways to ac-
cess the target molecule 1 as shown in Scheme 1, since 1-
[2-(tributylstannyl)cyclopropyl]alkan-1-ols, 4a* and 4b,’ are
the starting chiral materials. It is well known that the various
functional groups are derived from the tributylstannyl group
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Scheme 1.

through metal exchange reaction with perfect retention of its
absolute configuration.® Therefore we postulated that dictyo-
pterene A may be accessible through intermediate 2; the
stannyl group of 2 is changed to the formyl group via lithia-
tion and subsequent treatment with N,N-dimethylformamide
(DMF), and the next Wittig type reaction may provide the
target compound 1. The key intermediate 2 seems to be de-
rived from optically active 4a (Path A) or 4b (Path B). We
recently reported that optically pure vinylstannane 5a* was
converted to stannylcyclopropane 4a by the Simmons—Smith
type reaction modified by Charette and colleagues’ in quan-
titative yield. Another pathway to access 1 is the palladium-
catalyzed coupling reaction of vinylcyclopropylstannane 3
with 1-iodohex-1-ene or 1-tributylstannylhex-1-ene, and in
this Path, the key intermediate 3 would be derived from 4b
(Path C).

Path A is the shortest route to access the target molecule 1,
though this path was anticipated to be an ambitious strategy
because McCormick and Barton reported that the ring open-
ing reaction of the cyclopropane moiety occurred easily if the
reaction was carried out under acidic reaction conditions.®
We tested several dehydration methods that proceeded under
mild reaction conditions using racemic (+)-4a (Scheme 2).°
Initially, (3)-4a was treated with anhydrous CuSQOy in the
presence of silica gel,'” however, none of the reaction took
place at rt, and (£)-4a was recovered in almost quantita-
tive yield, but (£)-4a was completely decomposed under
reflux conditions in toluene. It was reported that dehydra-
tion took place easily as methanesulfonate in the presence
of a base such as diazabicycloundecene (DBU)''* or ethyldi-
isopropylamine.''® Unfortunately, (+)-d4a was decomposed
even by treatment with methanesulfonyl chloride in the pres-
ence of triethylamine,'? and unidentified compounds which
possessed no cyclopropyl ring and tributylstannyl group were
obtained instead of methanesulfonate.

The stannane (+)-4a was therefore converted to vinyl-
cyclopropane (4:)-7 through aldehyde (%)-6; the hydroxy
group of (:£)-4a was protected by t-butyldimethylsilyl ether
(TBDMS), and lithium—tin exchange reaction by treatment
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with butyllithium (n-BuLi), and subsequent treatment with
DMF gave aldehyde (£)-6 in 61% yield (two steps). Al- + _
dehyde (1)-6 was subjected to the Wittig reaction, and de- CH3PPh; |
protection of the TBDMS group by treatment with tetrabu- OHC A\ n-BuLi , THF, -78°C "‘WH
tylammonium fluoride (TBAF) afforded vinylcyclopropane H  SnBus Y=T77% H o, SnBus
(£)-7 in 42% yield. However, we came up against a stone
wall again when all attempts to convert (£)-7 into the de-
sired molecule (+)-1 by the dehydration protocols previously n-BuLi ,THF, -78 °C Bu P\ Bu Br-
mentioned were unsuccessful (Scheme 2). In addition, treat- then DMF Z\Q(H 1
ment with thionyl chloride (SOCl,) in the presence of excess Y=65% H CHO  NaHMDS, THF, -78 °C~rt
pyridine'? also caused the decomposition of (£)-7 and no 10 Y=10%
identical compound was obtained; we therefore abandoned :\A(H
this route. W =
Synthesis of dictyopterene A was accomplished through B n-C4Hg
path B (Schemes 3 and 4). The Charette asymmetric cy- Scheme 4. Synthesis of dictyoptercne A.
Charette reaction
MezNOCHCONMez clopropanation was successfully employed to prepare the
0.0 (21 molatm.) starting compound 4b in optically active form." It was found
Ho /\/\SnBu3 Bu HO’\A(H that the use of excess amounts of Zn(CHgl)z (at.least 5 mglar
5o Zn(CHyf); (5.0 mol.amt.) H " 'SnBu, amounts to the substrate) was esseqtlal to ot?tam 4b in high
DME, -50 °C-rt 98%ec optical purity (98%ee). Dess—Martin oxidation'* of alcohol
Y=96% 4b gave aldehyde 8 in good yield (83%). The key step
Dess-Martin oxi. OHC\A(H n-csHﬁEPthr_ f)f the sypthesis of dictyopterene A through Path B is the
) — - introduction of (E)-hex-1-enyl group to the cyclopropane
CHoClz. i M snBus ?E[;}ézz%,(t:h;r;?hl_% Ke! rt moiety via the Wittig reaction. The stereochemistry of the
Y=88% Y=61% Wittig reaction has been intensively investigated, and the
nCeHo (E/Z)-selectivity of the product is knf)wn to b.e determined
wz\&(H ?hs:lbl r\(/‘-;8"0) "‘CAHS_ by the preferenge of oxaphosphetane intermediates and (E)-
W Csupy - \ ‘H olefin to be derived from trans-oxaphos'phetane.15 We first
3 Y=84% H 4 CHO used Schlosser’s protocol for trans-selective olefin synthesis
(E)-2:(2y-2= 15:85 using pentyltriphenylphosphonium ylide in the presence of
. nCatls potassium chloride,!” and obtained the coupling product 2
CH3PPhgl L\A( + ncmmH (61% yield) as a mixture of two stereo isomers with a ratio
n-Buli ,THF, -78°C H = H o e of 85: 15. Although the stereoselectivity was insufficient, we
Y=77% &1 @ decided to complete the synthesis of dictyopterene A using
(B)X1:(2-1(15:85) this product because we believed that (E)-2 was obtained

Scheme 3. Synthesis of dictyopterene A. as a major product, though '"HNMR spectra of the olefinic
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protons of the major isomer of 2 disagreed with those of
the speculated spectra of (E)-2. Conversion of the stan-
nyl group of 2 to the formyl group to give aldehyde 9 in
84% yield, and subsequent Wittig reaction of aldehyde 9
using methyltriphenylphosphonium iodide in the presence
of n-BuLi as base afforded the final product 1 in 77% yield.
However, the specific rotation of the final compound 1 ([a]5
—30.7° (CHCl3)) was completely different from those of
the reported (E)-1 ([a]p +72°).® We became aware of our
mistake by '"HNMR analysis, which showed that we had
synthesized (Z)-1 as a major product instead of the desired
(E)-1 (Scheme 3).

Separation of (E)-1 and (Z)-1was impossible by a labora-
tory scale experiment such as silica gel column chromatog-
raphy due to the low boiling point of the two, though it
was confirmed that compound 1 was synthesized as optically
pure form by capillary GC analysis using a chiral column
(G-Ta). Since it was now obvious that the first Wittig re-
action gave unexpected (Z)-isomer of 2 as a major product,
we reinvestigated the reaction conditions in the Wittig re-
action. The importance of the proper choice of the solvent
system for the (E)-selective Wittig reaction is well known,'®
and many protocols that provide (E)-olefin selectively have
been developed.'® According to one such means, aldehyde 8
was treated with pentyltriphenylphosphonium bromide using
n-BuLi as base in a mixed solvent system (CH,Cl,~Et;0)
and subsequent treatment with r~-BuOH and r-BuOK gave
the corresponding cyclopropylstannane 2 in 99 % yield,
but (Z)-product 2 was again obtained as a major product
(E/Z =24:76, Table |, Entry 2)."* Although several reaction
conditions of the Wittig type reaction have been examined,
all results obtained were far from satisfactory, as can be seen
in Table 1 (Entries 2—11). The best ratio of (E)-2 and (Z)-
2 was 1:1 when pentyltriphenylphosphonium bromide was
employed using potassium #-butoxide as base in the presence
of methanol (Entry 8).2

An interesting property in the stereoselectivity of the
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Wittig reaction of cyclopropanecarbaldehyde 8 was iden-
tified and it was suspected that such special reactivity may
be caused by the bulky tributylstannyl group to which the
cyclopropane ring was attached. The concept of the strategy
in path B is using stannylcyclopropanemethanol 4b as a syn-
thetic equivalent of cyclopropanedicarbaldehyde, which pos-
sesses two formyl groups with different reactivity. Itis possi-
ble to access 1 by changing the order of the Wittig type reac-
tions (Scheme 4). Vinylcyclopropylstannane 3 was derived
from carbaldehyde 8 via the Wittig reaction in 77% yield,
and by subsequent conversion of the stannyl group to the
formyl group giving aldehyde 10 in 65% yield. Among sev-
eral methods we tested, most reactions again gave (Z)-olefin
preferentially, but the use of 5,5-dipentyl-5H-dibenzophos-
phol-5-ium bromide (11) developed by Vedejs and Marth*
gave the desired (E)-1 (10%) in perfect (E)-stereoselectivity,
while the chemical yield of the product was not sufficient.
Significant decomposition of the product or substrate oc-
curred during the reaction and, improvement of the chemical
yield by this method was therefore unsuccessful in spite of
using several different combinations of solvent systems and
bases such as NaHMDS-THF at —78 °C, NaH-THF at —78
°C tor.t., and +-BuOK-THF-Et,O at —78 to 0 °C.

Another pathway to access dictyopterene A from cyclopro-
pane 4¢ was path C using palladium chemistry (Scheme 5).
Initially we attempted the coupling reaction of 4¢ with vinyl
compounds 12a (X = I) and 12b (X = SnBuj3) in the pres-
ence of palladium catalyst.”* We recently reported dimeriza-
tion of 1-(2-tributylstannylcyclopropyl)hexan-1-ol (4a) using
palladium(0) catalyst in the presence of copper(]) iodide.**
However no desired compound 13 was obtained under these
reaction conditions and only the significant loss of the start-
ing material 4¢ was observed. Suzuki coupling reaction®
using hexenyldihydroxyborane ester 12¢** was also unsuc-
cessful and no identical compound was obtained. Because
the starting material 4¢ disappeared quickly in the course of
the reaction and tributyltin iodide was formed when 4a was

Table 1. Results of the Wittig Reaction of 8 under Various Reaction Conditions

Entry Method Reaction conditions 2
Base Solvent Yield (%) E/Z
1 AV PhLi (1.8 M) THF/Et,O 61 15: 85
2 B'® n-BuLi (1.6 M) CH,CL/Et,0 99 24: 76
3 B n-BuLi (1.6 M) THF 17 8:92
4 B n-BuLi (1.6 M) Et,O 50 29: 71
5 B n-BuLi (1.6 M) THF/Et,O 76 34: 66
6 c” n-BuLi (0.24 M) Et,O 57 37: 63
7 D n-BuLi (0.24 M) Et,O 71 18: 82
8 E% n-BuLi (0.24 M) Et,O 35 50: 50
9 E*! n-BuLi (0.24 M) THF/Et,O 59 40 : 60
10 F +-BuOK THF 61 2:98
11 G -BuOK THF 31 5:95

Method: A: 1 mol. amt. PhLi (—70 to —40 °C) and 1 mol. amt. PhLi and KCI (prepared in situ from
HCI-Et,0 and -BuOK), r.t. 2 h. B: 1 mol. amt. n-BuLi (=70 to —40 °C) and ¢-BuOH (1.5 mol.
amt.), +-BuOK (1.5 mol. amt.), r.t., 2 h. C: Addition of EtOH, —78 to —40 °C to r.t. D: Addition of
MeOH,—78 °C to —40 °C to r.t. E: Addition of MeOH, —40 °C, 4 h, then added H,O, r.t., 3h. F: =78

°Ctort., [8h. G:0°C,2h.



412 Bull. Chem. Soc. Jpn., 73, No. 2 (2000)

Synthesis of Dictyopterene

X/\/n-C4H5
12a (X= 1), 12b (X= SnBus)
Path C K
12c (X= —B
TBDMSO H TBDMSO—\A(H
H  ‘snBu H L, =\
4c 3 [Pd(PPh3);JCl, (0.1 mol.amt.) 13 n-C4Hg
Cul (0.2 mol.amt.), DMF
n-Buli, THF, -78°C
then DMF
Y= 98%
0 CrCl, (6 mol.amt.), . o
TBOMSO—\ A\ H CHi3 (2 molamt) BDMS wH
H cHO THF Y =80% H 15 :\I
14 EZ=919

n-BuyZn (2 mol.amt.)

TBDMSOmH

1) n-BugNF, THF

Pd(PPhg)4 (0.1 mol.amt.) H == 2) Dess-Martin oxi.
THF/DMF  Y=69% 13 n-CqHg Py, CHxCly
Y=69%
+ -
OHC, /: H CHzPPhs | :\A(H
H = n-BuLi THF, -78°C H o o=
9 n-C4Hg Y= 85% 1 n-C4Hg
E:Z=919

Scheme 5. Synthesis of dictyopterene A using Pd chemistry.

reacted with hex-1-en-1-yl iodide (12a), this unsuccessful
result seemed due to the instability of the cyclopropyl ring
under the Pd-catalyzed reactions, though some possibilities
still remained to find a good catalyst that realized the desired
coupling reaction. So, the tributylstannyl group in 4¢ was
derived to the 2-iodovinyl group in 15 which possesses a
reaction point apart from the cyclopropane ring (Scheme 5).
Cyclopropane 4¢ was converted to the aldehyde 14 and sub-
jected to the Takai reaction® to afford vinyl iodide 15 with
acceptable (E)-selectivity (E: Z = 91:9). Application of the
Negishi protocol?” for Pd(PPh;)4-catalyzed coupling reac-
tion of 15 with dibutylzinc?® was successful,?” and olefin 13
was obtained in 69% yield. Deprotection of TBDMS group
and subsequent Dess—Martin oxidation gave the aldehyde
9 in 69% yield, and finally, the Wittig reaction of 9 with
methyltriphenylphosphonium iodide using n-BuLi as base at
—78 °C afforded the desired (1S5,2R)-1-[(E)-hex-1-en-1-yl]-
2-vinylcyclopropane (1) as a major product (E:Z =91:9)
in 85% yield. Although the stereoselectivity was not perfect,
this route provided dictyopterene A in the highest yield with
acceptable stereoselectivity.

Conclusion

Synthesis of dictyopterene A has been demonstrated us-
ing optically active tributylstannylcyclopropane derivatives
as starting materials. 2-(Tributylstannyl)cyclopropanemeth-
anol (4) is a synthetic equivalent of bisfunctional cyclopro-
pane, in which 4a possesses a-alkylmethanol group and
tributylstannyl group, and 4b has two formyl groups with
different reactivity, though the tributylstannylcyclopropyl
group of 4 showed a somewhat more special nature than
those of simple alkylstannanes or vinylstannanes. Proper

design of the synthetic strategy was essential using stannyl-
cyclopropanemethanols as convenient chiral building blocks
for asymmetric synthesis of cyclopropane derivatives. We
believe that the present study should contribute to the chem-
istry of stannylcyclopropane compounds,

Experimental

Reagents and solvents were purchased from common commer-
cial sources and were used as received or purified by distillation
from appropriate drying agents. Reactions requiring anhydrous
conditions were run under an atmosphere of dry argon. Silica gel
(Wako gel 300E) was used for column chromatography and silica
gel (Wako gel B-5F) for thin layer chromatography. '"HNMR and
13C NMR spectra were recorded on a Varian VXR-200 spectrometer,
and chemical shifts are expressed in ppm downfield from tetrameth-
ylsilane (TMS) in CDCl; as an internal reference (M = mol dm™?).

(1RS,25R)-2-[(RS)-1-(¢t-Butyldimethylsiloxy)hexyl]cyclopro-
panecarbaldehyde ((£)-6).  To a solution of alcohol (+)-4a*
(2.72 g, 6.34 mmol) and imidazole (1.34 g, 7.57 mmol) in DMF
(30 ml) was added a DMF (8.0 ml) solution of s-butyldimethylsilyl
chloride (TBDMSCI) (1.14 g, 7.57 mmol) dropwise at 0 °C and
the mixture was stirred at r.t. for 1 h. The reaction was quenched
by addition of a small amount of crushed ice and the mixture was
extracted with ether. The organic layer was dried over MgSO4
and was purified by silica gel flash column chromatography (hex-
ane/ethyl acetate = 10: 1) giving TBDMS ether of (+)-4a (3.00 g,
5.50 mmol) in 87% yield. To a solution of TBDMS ether of (-)-4a
(3.00 g, 5.50 mmol) in tetrahydrofuran (THF) (27.5 ml) was added
n-BuLi (6.4 mmol as 1.6 M hexane solution) (1 M = 1 moldm™")
at —78 °C and the mixture was stirred for 25 min at the same
temperature. To this mixture was added dropwise 6.9 ml of dry
DMF and the mixture was stirred for | h at —78 °C. The reaction
was quenched by addition of water and extracted with ether. Silica
gel flash column chromatography (hexane/ethyl acetate = 10: 1)
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afforded (£)-6 (1.10 g, 3.87 mmol, 70%): R; 0.33 (hexane/ethyl
acetate = 10: 1); bp 125 °C/2 Pa (Kugelrohr); '"HNMR (200 MHz,
CDCl3) 6 = 0.034 (6H, d, J = 6.8 Hz), 0.87 (10H, m), 1.10—1.82
(14H, m), 3.52 (1H, dd, J = 10.8, 5.4 Hz), 9.02 (1H, d, J = 5.6
Hz) ; CNMR (50 MHz, CDCl;) & = 11.45, 13.98, 18.04, 22.57,
24.52, 25.77, 27.25, 27.38, 31.91, 37.93, 71.43, 200.89; IR (neat)
2955, 2930, 1713, 1464, 1254, 1091, 975, 836 cm~'. Found: C,
67.54; H, 11.34%. Calcd for C1¢H30Si: C, 67.55; H, 11.34%.

(RS)-1-[(1S8R,2RS)-2- Vinylcyclopropyllhexan-1-0l ((£)-7).
To a solution of methyl triphenylphosphonium bromide (2.84 g,
7.03 mmol) in THF (15 ml) was added 3.5 ml of n-BuLi (5.3 mmol
in hexane) dropwise at —20 °C. The mixture was stirred for 5 min,
then a THF (5 ml) solution of aldehyde 6 (1.00 g, 3.51 mmol) was
added at —78 °C and this mixture was again stirred for 15 min. The
mixture was diluted with 10 ml of ether and was filtered through
a florizil short column and the residue was eluted with ether sev-
eral times. The combined organic layer was concentrated to the
crude product. To a THF (1.3 ml) solution of the crude product
was added tetrabutylammonium fluoride (TBAF) (0.56 mlin 1.0 M
in THF) at r.t. and the mixture was stirred for 13 h. The reaction
mixture was diluted with 10 ml of ether and washed with brine. The
combined organic layers were dried (MgSQ;) and evaporated. Sil-
ica gel flash column chromatography (hexane/ethyl acetate = 5: 1)
gave 7 (248 mg, 1.47 mmol) in 42% yield: Ry 0.6 (hexane/ethyl
acetate = 5:1); bp 130 °C/5 Pa (Kugelrohr); "THNMR (200 MHz,
CDClL) ¢ = 0.51—0.67 (2H, m), 0.77—0.85 (4H, m), 1.16—1.48
(9H, m) 2.92 (1H, dt, J = 8.2, 6.0 Hz), 4.77 (1H, dd, J = 10.0,
1.9 Hz), 4.95 (1H, dd, J = 17.1 Hz, 1.4), 5.55 (1H, ddd, J = 16.9,
10.0, 8.5 Hz); "CNMR (50 MHz, CDCl3) § = 11.25, 14.01,20.53,
22.61,25.28,27.26,31.87, 37.30, 75.53, 112,25, 140.53; IR (neat)
3323,2923, 1462, 1375, 1048 cm™'. Found: C, 78.58; H, 12.01%.
Calcd for C| H0: C, 78.51; H, 11.98%.

[(1R,25)-2-(Tributylstannyl)cyclopropyllmethanol (4b). To
a solution of diethylzinc (50 ml, 50.0 mmol) in dichloromethane
(35 ml) and freshly distilled DME (6.0 ml) was added diiodometh-
ane (9.26 ml, 115 mmol) at a rate to keep the internal temperature
below —10 °C (ca. 20 min) and to form Zn(CH;1,)YDMF complex,
a clear colorless solution. This was used immediately for the next
reaction. To a mixture of 3-tributylstannylprop-2-en-1-ol (5b) (4.40
g, 10.0 mmol), chiral 1,3,2-dioxabolane (4.9 g, 16.9 mmol), which
was prepared from (R,R)-(+)-N,N,N' N'-tetramethyltartaramide and
butyldihydroxyborane according to the method of Charette,” was
added Zn(CH:1,)/DMF complex solution dropwise at a rate to keep
the internal temperature below — 15 °C for 20 min in the presence of
MS 4A (460 mg). The resulting mixture was stirred for 2 h at —10
°C, then further stirred for 20 h at r.t. The reaction was quenched
by addition of saturated NH4Cl aqueous solution and extracted with
ether. To the combined organic layers were added 10 ml of 5 M
KOH aqueous solution and the mixture was stirred for 9 h at r.t.
The organic layer was washed with 10% HCI aqueous solution,
saturated NaHCO; aqueous solution, water, brine, and dried over
MgSOs. Silica gel flash column (hexane/ethyl acetate = 10:1)
afforded 4b (3.45 g, 9.55 mmol) in 96% yield: [a]y +17.2° (¢
0.96, CHCly), lit,” —14.6° (1S,2R), 86%ee; 'HNMR (200 MHz,
CDCl3) 6 = —0,31 (1H, dt, J = 10.2, 6.7 Hz), 0.4—0.6 (2H, m),
0.7—0.95 (2H, m), 0.78 (3H,t,J = 7.9 Hz), 0.88 (OH, t,J = 7.1 Hz),
1.2—1.6 (25H, m) 1.7 (1H, brs, OH) 2.78 (1H, dt, J = 8.4, 6.1 Hz)
: "CNMR (50 MHz, CDCly) & = 2.61, 7.42, 8.62, 13.67, 18.03,
27.31, 28.86, 29.06, 69.53; IR (neat) 3323, 2923, 1462, 1375, 1048
em™ .

(1R, 25)- 2- (Tributylstannyl)cyclopropanecarbaldehyde (8).
To a dichloromethane (30.0 ml) solution of 4b (1.06 g, 2.94 mmol)
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was added pyridine (1.20 ml, 14.8 mmol) and triacetato(benzoato-
#C?, x0)iodine(V) (CsH4sCOOL(OAC)) (2.50 g, 5.89 mmol) at r.t.,
and the mixture was stirred for 1 h. The reaction was quenched by
addition of NaHCOs saturated aqueous solution and 10% Na,S;03
aqueous solution and extracted with ethyl acetate. Silica gel flash
column chromatography (hexane/ethyl acetate = 50: 1) gave alde-
hyde 8 as a colorless oil (927 mg, 2.58 mmol, 88%): [a]3 —25.3°
(¢ 1.25, CHCls); R¢ 0.40 (hexane/ethyl acetate = 10:1); bp 170
°C/2.5 Pa (Kugelrohr); '"HNMR (200 MHz, CDCl3) & = 0.54 (1H,
ddd, J = 10.7, 8.4, 5.6 Hz), 0.80—0.90 (16H, m), 0.99 (1H, ddd,
J =84,609, 4.3 Hz), 1,18—1.54 (12H, m), 1.65—1.73 (1H, m),
8.49 (1H, d, J = 6.8 Hz); *CNMR (50 MHz, CDCl3) § = 1.67,
8.96, 11.07, 13.57, 26.81, 27.20, 28.85, 201.53; IR (neat) 2925,
1707, 1463, 1188, 1035, 915, 861 cm™'. Found: C, 53.21: H,
8.75%. Calcd for C¢H3,08n: C, 53.51; H, 8.98%.

(1R, 25)-1-(Hex- 1-enyl)- 2- tributylstannylcyclopropane (2).
Pentyltriphenylphosphonium bromide (827 mg, 2.0 mmol) was sus-
pended in 4.0 ml of THF and 4.0 ml of ether and stirred with 2.0
mmol of PhLi (1.8 M in cyclohexane/ether = 7 : 3) for 10 min. The
solution was cooled to —70 °C and 2.0 mmol of aldehyde 8 (718
mg, dissolved in 4.0 m! of ether) was added. The mixture was
stirred for 10 min, a further 2.0 mmol of PhLi solution (1.1 ml)
was added and the whole kept at —40 °C for 10 min. This solution
was treated with 2.2 mmol of ethereal hydrogen chloride and with
3.0 mmol of potassium ¢-butoxide (as 1:1 complex with r-butyl
alcohol). The mixture was stirred for 2 h at r.t., and was extracted
with ether. The combined organic layers were dried (MgSQOj), and
evaporated. Silica gel flash column chromatography (hexane/ethyl
acetate = 10:1) gave 2 (504 mg, 1.22 mmol, 61%). The ratio of
the stereo isomers was determined as (E: Z = 15: 85) by capillary
GC analysis. Ry 0.90 (hexane/ethyl acetate = 10: 1); bp 190 °C/4
Pa (Kugelrohr); [@]¥ +1.9° (¢ 2.0, CHCl3); 'HNMR (200 MHz,
CDCl) 6 = —0.25——0.13 (1H, m), 0.62—0.74 (2H, m), 0.77—
0.98 (18H, m), 1.22—1.59 (18H, m), 1.93—2.02 (1H, m), 4.91 (1H,
ddt,J = 15.2,8.6, 1.4 Hz), 5.48 (1H, dt,J = 15.2, 6.8 Hz); *C NMR
(50 MHz, CDCl3) 6 = 2.18(Z), 2.44(E), 8.70, 11.05(Z), 11.61(E),
13.73, 14.00, 18.18, 22.20(Z), 22.43(E), 27.34,29.13,31.99, 32.25,
127.23(Z), 127.35(E), 135.64 (Z2), 135.73(E); IR (neat) 2921, 1655,
1457, 1375, 1041, 955 cm ™~ '. Found: C, 61.10; H, 10.41%. Calcd
for C21H4zsn; C, 61.04; H, 10.24%.

(18,2R)-2-(Hex-1-enyl)cyclopropanecarbaldehyde (9). To
a solution of stannane 2 (290 mg, 0.70 mmol) in THF (4.0 ml) was
added n-BuLi (0.56 ml, 0.90 mmol, hexane) at —78 °C dropwise.
The mixture was stirred for 1 h at the same temperature and to this
solution was added DMF (1.0 ml), followed by stirring for 1.5 h
at the same temperature. The reaction was quenched by addition
of a small volume of water and extracted with ether three times.
After careful evaporation, subsequent silica gel flash column chro-
matography afforded aldehyde 9. (90 mg, 0.59 mmol, 84%): [a]3'
+96.4° (¢ 0.11, CHCl3); Rr 0.47 (hexane/ethyl acetate = 10: 1); bp
140 °C/135 Pa (Kugelrohr); 'HNMR (200 MHz, CDCls) 6 = 0.83
(3H, t, J = 6.9 Hz), 1.00—1.12 (IH, m), 1.20—1.33 (4H, m),
1.43—1.52 (1H, m), 1.75—1.86 (1H, m), 2.01—2.14 (2H, m),
2.16—2.26 (1H, m), 4.96 (1H, ddt, J = 15.3, 8.1, 1.4 Hz), 5.54 (1H,
dt, J = 15.3, 6.8 Hz), 9.06 (1H, d, J = 5.2 Hz); "CNMR (50 MHz,
CDCl3) 6 = 13.92,15.07,21.46,22.14,25.17,31.40, 31.61, 32.03,
128.34, 132.35, 199.99; IR (neat) 2927, 2725, 1708, 1455, 1165,
1006 cm™!'. Found: C, 77.94; H, 11.06%. Calcd for CioH60: C,
78.9; H, 10.59%.

(15,2R)-1-[Hex-1-en- 1-yl]-2-vinylcyclopropane (1). To a
suspension of methyltriphenylphosphonium iodide (206 mg, 0.58
mmol) in THF (1.0 ml) was added potassium ¢-butoxide (61 mg,
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0.54 mmol) at one portion and the mixture was stirred for 30 min at
r.t., and cooled to —78 °C. To this mixture was added dropwise (Z)-
aldehyde 9 (80.0 mg, 0.53 mmol) in THF (1.1 ml) and the reaction
mixture was slowly warmed to r.t. for 3 h with stirring. The mixture
was diluted with ether, concentrated under vacuum and silica gel
flash column chromatography (pentane) afforded olefin 1 (65.0 mg,
0.41 mmol, 77%, E/Z = 15:85). The E/Z ratio was determined
by capillary GC analysis (“Quadrex” bonded fused silica methyl
silicone, @ 0.25 mmx25 m, N,): R, of (E)-1: 3.8 min. R, of (Z)-
1: 4.8 min, 100 °C to 250 °C/10 °Cmin~"; [a]}' —30.7° (¢ 0.56,
CHCl»).

(15,2R)-1-Tributylstannyl-2-vinylcyclopropane (3). To a
suspension of methyltriphenylphosphonium iodide (1.49 g, 3.51
mmol) in THF (8.0 ml) was added potassium z-butoxide (394 mg,
3.69 mmol) and the mixture was stirred for 30 min at r.t., then
cooled to —78 °C. To this solution was added dropwise a THF
(5.0 ml) solution of aldehyde 8 (1.20 g, 3.34 mmol). The reaction
mixture was allowed to warm to r.t. with stirring for 3 h, then
diluted with ether and concentrated to dryness. Silica gel flash
column chromatography (pentane) afforded 3 (990 mg, 2.77 mmol,
83%) as a colorless oil; [@]3 +3.48° (¢ 2.38, CHCls); R 0.93 (hex-
ane/ethyl acetate = 10 : 1); bp 160 °C/2.5 Pa (Kugelrohr); 'HNMR
(200 MHz, CDCl3) 6 = —0.17— —0.05 (1H, m), 0.089 (9H, t,
J = 7.2 Hz), 0.65—0.95 (7H, m), 1.22—1.62 (14H, m), 4.80 (1H,
dd, / = 9.9, 2.0 Hz), 5.05 (1H, dd, J = 17.0, 2.1 Hz), 5.30 (1H,
ddd, J = 17.0, 9.9, 8.6 Hz); *C NMR (50 MHz, CDCl;) & = 2.59,
8.70, 11.46, 13.72, 19.44, 27.33, 29.10, 110.46, 144.53; IR (neat)
2957, 2925, 2853, 1633, 1463, 1375, 887 cm™!. Found: C, 56.98;
H, 9.56%. Calcd for C17H34Sn: C, 57.17; H, 9.60%.

(18,2R)-2-Vinylcyclopropanecarbaldehyde (10). To a THF
(11.0 ml) solution of stannane 3 (800 mg, 2.24 mmol) was added n-
BuLi (2.48 mmol, 1.6 M hexane solution) at —78 °C dropwise and
the mixture was stirred for 45 min at the same temperature. DMF
(2.8 ml) was added and the solution was stirred for 1.5 h at —78
°C. The reaction was quenched by addition of water and extracted
with ether. After careful evaporation and subsequent silica gel flash
column chromatography (pentane) gave aldehyde 10 (140 mg, 1.46
mmol, 65%) as colorless liquid: [l +149.9° (¢ 0.60, CHCL:); R;
0.47 (hexane/ethyl acetate = 10:1); bp 120 °C/11 Pa (Kugelrohr);
'"HNMR (200 MHz, CDCl3) 6 = 1.13—1.24 (1H, m), 1.45—1.54
(1H, m), 1.85—1.97 (1H, m), 2.05—2.19 (1H, m), 5.02 (1H, dd,
J =98, 1.7 Hz), 5.18 (1H, dd, J = 17.0, 1.7 Hz), 5.42 (1H, ddd,
J =17.0,9.8,7.9Hz),9.15 (1H, d, J = 4.9 Hz); >*C NMR (50 MHz,
CDCl3) & = 15.01, 25.68,31.41, 115.48, 136.93, 199.67; IR (neat)
3083, 3006, 2928, 2834, 2728, 1707, 1639, 989, 908 cm~'. Found:
C,73.97; H, 8.41%. Calcd for C¢HsO: C, 74.97; H, 8.39%.

(+)-(15,2R)-1-[(E)-Hex-1-enyl]-2-vinylcyclopropane (Dictyop-
terene A) (1).  To a suspension of 5,5-dipentyldibenzophospho-
lium bromide (11)" (231 mg, 0.570 mmol) in THF (5.0 ml) was
added a THF (3.0 ml) solution of sodium hexamethyldisilazanide
(NaHMDS) (255 mg, 0.556 mmol) at r.t. The mixture was stirred
for 30 min at r.t., then a THF (4.0 ml) solution of aldehyde 10 (53.5
mg, 0.557 mmol) was added at —78 °C. The reaction mixture
was allowed to warm to r.t. for 3 h with stirring and quenched
by addition of water. The mixture was extracted with pentane and
carefully evaporated. Silica gel flash column chromatography (pen-
tane) and bulb-to-bulb distillation (150 °C, 760 Pa) afforded (E)-1
(8.5 mg, 0.056 mmol, 10%). [a]3 +68.0° (¢ 0.34, CHCL3), lit,”
+72(c 6.74, CHCl3); Ry 0.86 (hexane/ethyl acetate = 10: 1); bp 100
°C/85 Pa (Kugelrohr); 'H NMR (200 MHz, CDCl3) 8 = 0.75—0.99
(5H, m), 1.24—1.42 (6H, m), 1.95—2.05 (2H, m), 4.96 (1H, dd,
J =10.1,1.90 Hz), 5.04 (1H, dd, J = 17.0, 1.9 Hz), 5.38 (1H, ddd,
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J =17.0,10.3,6.1 Hz), 549 (1H, dt, J = 15.2, 6.7 Hz) ; *CNMR
(50 MHz, CDChL) é = 14.11, 14.75, 22.22, 23.57, 24.29, 31.77,
32.18, 111.83, 129.14, 131.55, 140.83; IR (neat) 2923, 2853, 1463,
and 1376 cm™". These spectra data were completely identical with
the reported one.?’
(18,25)-2-(t-Butyldimethylsiloxymethyl)cyclopropanecarbal-
dehyde (14). To a THF (5.2 ml) solution of 4¢ (493 mg, 1.04
mmol) was added »n-BuLi (1.12 mmol, 1.6 M hexane solution)
at —78 °C and the mixture was stirred for 45 min at the same
temperature. To this solution was added 1.3 ml of DMF and stirring
continued for 2 h at —78 °C. Then the reaction was quenched by
addition of water. The mixture was filtered through a silica gel
short column eluted with ether, dried (MgSO,), and evaporated.
Silica gel flash column chromatography (hexane/ethyl acetate =
10:0 to 2: 1) and bulb-to-bulb distillation gave 14 (218 mg, 1.02
mmol, 98%). [alf +60.0° (c 0.83, CHCL): Ry 0.45 (hexane/eth-
yl acetate = 10: 1); bp 130 °C/11 Pa (Kugelrohr); 'HNMR (200
MHz, CDCl3) 6 = 0.028 (6H, s), 0.86 (9H, s), 1.06—1.17 (1H,
m), 1.20—1.29 (1H, m), 1.64—1.88 (2H, m), 3.58—3.74 (2H, m),
9.07 (1H, d, J = 5.4 Hz); "CNMR (50 MHz, CDCl3) 8 = 11.58,
18.23, 23.84, 25.80, 27.35, 62.63, 200.84; IR (neat) 2950, 2859,
1711, 1466, 1256, 1095, 839 cm™'. Found: C, 61.60; H, 10.35%.
Calcd for C1H,0,Si: C, 61.63; H, 10.34%.
(18,25)-1-[(¢-Butyldimethylsiloxy)methyl]-2-(2-iodovinyl)cy-
clopropane (15).  Chromium(Il) chloride (279 mg, 2.27 mmol)
was placed in a three necked flask under argon, aldehyde 14 (81.0
mg, 0.378 mmol) in THF (1.5 ml) and iodoform (298 mg, 0.757
mmol) in THF (1.5 ml) at 0 °C and the mixture was stirred for 2.5
h at the same temperature. The reaction was quenched by addi-
tion of water (9.45 ml) and extracted with ether. The combined
organic layers were dried and evaporated. Silica gel flash column
chromatography (hexane/ethyl acetate = 100:0 to 10: 1) gave vi-
nyl iodide 15 (102 mg, 0.302 mmol, 80%). Capillary GC analysis
revealed that the product was a mixture of (E)- and (Z)-15 with a
ratio of 91 : 9. Because this compound 15 was unstable, distillation
was unsuccessful. The compound was immediately used for the
next reaction after 'H NMR analysis and specific rotation measure-
ment. [a]5 +32.9° (c 0.65, CHCL;); 'HNMR (200 MHz, CDCl;)
6 = 0.037 (6H, m), 0.64—0.78 (1H, m), 0.88 (9H, s), 1.08—1.25
(2H, m), 1.33—1.46 (1H, m), 3.55 (2H, d, J = 3.7 Hz), 5.95 (1H,
d, J = 14.4 Hz), 6.06 (1H, dd, J = 14.4, 8.1 Hz); IR (neat) 2949,
2858, 1465, 1255, 1089, 838 cm ™.
(1S,2R)-1-[(¢-Butyldimethylsiloxy)methyl]-2-(hex-1-enyl)cy-
clopropane (13).  To a THF (3.73 ml) solution of ZnCl; (0.746
mmol) was added n-BuL.i (0.746 mmol, 1.6 M hexane solution) at
—78 °C and the mixture was allowed to warm to r.t. for 1.5 h to
form dibutylzinc reagent. To this solution was added the iodide 15
(126 mg, 0.373 mmol) in THF (2.0 ml), Pd(PPh3)4 (46 mg, 0.040
mmol), and 0.75 ml of DMF at 0 °C in one portion. The reaction
mixture was stirred for 12 h at r.t. and was quenched by addition
of water and filtered through a celite short column eluted with
ether. The resulting elute was evaporated. Silica gel flash column
chromatography afforded 13 (69 mg, 0.257 mmol, 69%). [a]}
+18.8° (¢ 1.70, CHCl); Ry 0.70 (hexane/ethyl acetate = 10: 1); bp
130 °C/11 Pa (Kugelrohr); '"HNMR (200 MHz, CDCl;) 6 = 0.047
(6H, s), 0.50—0.70 (2H, m), 0.88 (3H, t, J = 6.9), 0.89 (9H, s),
0.90—1.05 (2H, m), 1.20—1.40 (4H, m), 1.96 (2H, dt, J = 12.8,
6.0Hz),3.47 (1H,dd, J = 10.9, 7.3 Hz), 3.61 (1H,dd, J = 10.9,5.9
Hz), 5.01 (1H, ddt, J = 15.2, 8.3, 4.1 Hz), 5.21 (dt, J = 15.2, 6.8
Hz); *CNMR (50 MHz, CDCl3) 6 = 11.25, 13.95, 15.21, 18.40,
19.08, 22.19, 22.50, 25.97, 31.81, 32.16, 65.99, 128.59, 132.32; IR
(neat) 2930, 1463, 1253, 1090, 838, 776 cm™'. Found: C, 71.77;
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H, 12.03%. Calcd for CsH3,08i: C, 71.57; H, 12.01%.

Dictyopterene A (1). To a stirred solution of 13 (52 mg,
0.194 mmol) in THF (1.7 ml) was added a THF (0.25 ml) solution
of n-BuyNF (1.0 M in THF) at r.t., and the solution was stirred
at r.t. for 4.0 h. The reaction mixture was diluted with ether sat-
urated with water and the solvent was removed under vacuum to
give the alcohol (30 mg). This was treated with freshly prepared
CoH4sCOOI(OAc); (91.4 mg, 0.215 mmol),I4 and pyridine (56 mg,
0.72 mmol) in CH,ClL (1.4 ml) atr.t. for 2 h. Silica gel flash column
chromatography gave aldehyde 9 (20 mg, 69%} as a colorless lig-
uid: [0{]%,2 +24.4° (¢ 0.50, CHCl3). Methyltriphenylphosphonium
iodide (488 mg, 1.21 mmol) was placed in a flask and suspended in
THF (20 ml). n-BuLi (1.11 mmol, 0.70 ml of hexane solution) was
added at —20 °C, and the mixture was stirred for 5 min at the same
temperature. To this solution was added a THF (5.0 ml) solution
of aldehyde 9 (153 mg, 1.00 mmol) at —78 °C and the mixture
was stirred for 15 min at the same temperature. The reaction was
quenched by addition of ether saturated with water and the solvent
was carefully removed by evaporation. The residue was filtered
through a florisil short column eluted with pentane, and evaporated
by bulb-to-bulb distillation (40—50 °C at 45 Pa) to afford 1 (128
mg, 85%) as a colorless liquid. Capillary GC analysis revealed
that the product was a mixture of desired (£)-1 and undesired (Z)-
1(91:9). [a]F +60.6° (¢ 1.05, CHCl3).
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