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ABSTRACT - Boron annulation, hydroboration-carbonylation, of sudbstituted 1,5,9-decs-

trienes was utilized to prepare the cadinane sesquiterpene system.

Stereochemica)l

aspects of the triene hydroboration process and the carbonylation reaction have been

analyzed through glc separation of boronate esters.

Structural assignments for

these esters and their oxidation (M,0,/NaOH) products were made throuch high field
]N-M and other physical and spectral considerations.

On inftiating studies of boron annulations
related to natural product synthesis we chose
an {nitial model triene system which would
provide technical skills as well as some pre-
dictive stereochemical information concerning
the hydroboration-carbonylation process. Spe-
cifically, triene ) was chosen as this model
because of accessibility and the resemblance
of the boron annulation products to natural
cadinanes.
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Trtene | was prepared by coupling geranyl
chloride with allylic 6rignard reagents
(methya)lylmagnesium or allylmagnesium chloride)
sccording to the procedure of St.ork.] Hydro-
boration and carbonylation of triene 1 was
effected under a variety of conditions yielding
carbinol 2 as a mixture of isomers. For
example, triene 1| (25 smoles) was treated with
EtyM-BH, (25 moles) in diglyme (5 mls) unti)
‘n-vn of the reaction mixture was absent of
vinyl proton resonances, forming 3 (60%,
bpyg. 142°). Carbonylation of 3 with CO
(1500 psi, 150°C) in ethylene glycol formed
boronate 4 and then alcohol 2 after oxidation
(Na0H/H0,, 60% from 4, bp, 3. 125°).2

The cadinol-11ke ring system was readily con-
firmed by selenium aromatization to known
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naphthalene systea'rs.s'6 Additional struc-
tural information was difficult to odbtain on
these unfunctionalized reaction products,
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however, according to Brown,” one would anti-
cipate a stepwise hydroboration following the
well documented anti-Markownikoff, cis-
addition format. Thus, the hydroboration of
5-(£)-6,10-dimethy1-1,5,9-undatriene (1,
R-M)“ is presumably initiated by a cis-
addition to double bond "a®", boron adding to
the less hindered end of double bond "a® to
give the monoalkylborane 1. Intramolecular
addition to trans double bond "b" in 8 cis-
regioselective process must result in an
eventual “"trans” relationship for the C-1 and
C-10 protons (cadinane numbering) 1n all
bicyclic products (e.g., 4a, below). The
final addition to double bond °c", forming 3,
would be region but not stereoselective, with
Orieding models suggesting 3b should be favore
over Ja due to a restricted approach to
double bond "c*.'2 Finally, carbonylation of
32 and 3b would form the respective cis and
trans decalin boronates (4a,b,c.d) and then
alcohols (2a,b,c,d) upon oxidation.
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Attempts to confirm these postulates by sepe-
rations of carbinols 2 fatled.'? success ws
finally realized via preparative gas chroms-
tography (5% SE-30) of the boronate esters,

4, which resulted in four isomeric products
whose preliminary structural assignments were
based on the following: (1) The more rigid,
planar trans decalin systems should elute later
than cis decalins on a Stlicone polymer coh-v.‘
Isomers 42 and 41 should have comparabdle reten-
tion times and are expected to slute defore
trans isomers 4c and 4d; (2) Hydroboration
should favor isomer 3b (vide supra) and thers-
fore should yield more of cis and trans decaling
4b and 4c than 4 and 44 (74/26); (3) The most
hindered boronate should be the most resistant
to oxidation. Structure 4b was resistant to
oxidation and also exhibited unusually shielded

C. F. REXCHERT ¢f al.

methyl resonances ('H-WR & = 0.66 and 0.67,
J e 6.7 Hz). Models of &b suggest boron and
& methyl group are in close proximity in all
chair conformers, suggestive of hindrance to
oxfdation; (4) Compounds 4a, 4c and 4d have
methyl resonances which are very similar and
models of these compounds suggest little
shielding or deshielding effect by the boron
ester group; (5) After oxidation of the puri-
fied boronate esters to alcohols, incremental
addition of a lanthanide shift reagent
(Eu(fod);) deshielded the following kinds of
resonances (200M{z) relative to the majority
of the hydrocarbon envelope: 22 two
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methynes and a methyl group, 2b one methyne and
resolution of the 1sopropyl group into two
doublets, 2c two methynes, and 2d one methyne.
In Brown's synthesis of 9-decalols from
l.d.s-noﬂnricﬂe9 80% of the carbonylation
products were cis decalins. If the structural
assignments stated above are correct, one ob-
serves a similar high ratio of cis to trans
decalins formed from intermedfate 3a. In con-
trast, 3b presumably gives & much higher pro-
portion of trans decalin due to steric influ-
ence of the C-7 isopropy! group which hinders
approach of CO to the s-face of 3b. This
suggests that oxygen ends up on the side of
the boracycle which CO 1s Vikely to approach.
Additional studies designed to confirm or
refine this observetion are now under way.
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EXPERIMENTAL

1R data was recorded on either & Beckman
Acculab ! or a Beckman 4210 Spectrophoto-
meter. 3I'Ml'lt were recorded on & Yarfan
£M-360A Spectrometer using @ tetramethyl-
silane internal standard. High field 'H-MR
were recorded on 8 Bruker WP-200 (200 MMz)
and a Bruker WH-400 (400 MHz) using a CDCY4
internal standard. A1l coupling constants
are in Hertz. ‘3C~M were recorded on 3
Varian CFT-20 Spectrometer. Mass spectral
data were obtained using & Nitachi-Perkin
Elmer RMU-6. UY data was recorded on 2
Beckman Model 35 Spectrophotometer. All
temperatures were uncorrected.

Cadalene - prepared according to the proce-
dure of Takshashi,® the TLC,® TH-wR.6 IR and
UV7 and the melting point of 1ts picrate 6
were in agreement with l{terature values. MS
(70 eV} m/e 198 (57 re %), 183 (100).

4-1sopropyl-l-methylanphthalene - formed by
the same procedure as cadalene. Kugelrohr
distillation {85°, 0.10 mm). TLC {silica gel,
hexane) Rf = 0.57. IR {film) 2980, 2940,
2880, 1620, 1595, 1450, 1370, 805 cm™'. 'H-wR
{Q‘.‘!‘) 5 1.3 (d, 68, 3 = 7}, 2.6 (5, 3}, 3.6
(m, 1}, 7.2 (m, &H), 7.7 (m, 2H). M5 (70 V)
w/e 184 (56 rel. 3), 169 (100). w3 29y,
230 nm.

5-(E)-6,10-Dimethyl-1,5,9-undacatriene (1)-
prepared according to the method of Stork.‘
fts IR, VH-NR, and M5 were in agreement with
the published values. TLC {silica gel, hexane)
R » 0.63. '3c-wm (CDCY,) 6 138.6, 135.2,
130.9, 124.6, 124.0, 114.5, 39.9, .2, 27.6,
26.9, 25.7, 17.6, 16,0,

5-{£}-2,6,10-Trimethy}-1,5,%-undecatriens
(1. ReCHy) - prepared by the same method as
{1, R=H), its IR, ‘H-M. and M5 were in agree-
ment with 1iterature values.’ TLC (silica
gel, hexane ) Ry = 0.63. 13C-0R (COC1,) 6
145.3, 134.9, 130.8, 124.6, 124.3, 110.1, 39.9,
38.0, 26.9, 26.4, 25.7, 22.4.

4-Desmethyl-6-cadinyl-1,3,2-dioxaborole (4,
ReH) to 3 stirred solution of THF {30 mls) and
H3BS(CH3), (10 M, 1.68 mls, 16.8 smol) at
-40° under N, atmosphere was added S-{E}-6,10-
dimethyi-1,5,5-undecatrione {13.0 g, 16.8 smol)
in dry THF {10 mis) over 20 min. Stirring was
continuved for 1 hr. at -30%, 1 hr. at 0°, and
overnight at room tewperature.

The mixture was transferred by syringe to an
autoclave under N2 atmosphere and ethylene
giycol (3.0 g, 48.2 mmol, 2.9 #q., 2.7 mis)

was added. The autoclave was pressurized
with CO {1600 psi) and heated for 1 Ar. at
50°, then for 24 hrs. at 150°. After cooling
to room tespersture the mixture wis added to
hexane (150 mis), partitioned with H,0

{2 x 20 mis) and the organic layer was dried
(MgS0,), filtered, and concentrated under re-
duced pressure., Medium pressure 1iquid chro-
matography (silica gel, CHyCl,) and subsequent
Kugelrohr distillation (140°, 3 sm) afforded
0.95 g {213 yield) of a clear, colorless
Yiquid. Data of the mixture of isomers s

as folltows. TLC {silica gel, CK2C!2) Re0.81.
IR {f1Im} 2960, 2940, 2880, 1460, 1380, 1280,
1205, 1020 ™', W (CC1,) 6 0.8-1.0

{m, 9H), 1.0-2.2 {m, 16H), 4.00, 4.05 (4H).
D3e.0R indicated a mixture 6f four products,
the boronate ester resonances of which are as
follows. ' (COC1,) & 65.9, 65.4, 65.2, 64.9.
M5 (70 aV) m/e 264 (7 re). %), 221 (100),

15} (28). Elemental Analysis calculated
72.73% C, 11.06% H; found 73.00% C, 11.06% K.
6 (% SE-30, 140°, €' x 1/8%, v = 50 cm>/min)
integration gave four peaks of the following
retention times and relative areas. tr

42 12 min. (25%), 4b 14 min, (31%), 4 18.5
nin, {43%), 44 19.5 min. (1%).

High field "H-WR of the four boronate ester
obtained by preparative gas chromatography
provided the following data: 4a 400 MH:
(CDCI:,) 4 tsopropyl methyl doublets 0.861,
0.871 J = 6,5, 0.88, 0.86 J » 7.0, methyl
doublet 0.93, 0.91 J = 7.0, boronate ester
singlet 4.12; 4b 400 Wiz {89633) & methyl
doudblet 0.86, 0.67 J » 6.7, isopropyl doudblets
0.80, 0.82 J= 6.1, 0.83, 0.85 J » 7.3,
boronate ester singlet 4.14; 4c 400 Wiz (CDC?S
& methyl doubiet 0.84, 0.85, J = 6.4, methyl
doublet 0.87, 0.89, J = 6.7, methy] doublet
0.91, 0.93 J = 7.0, boronate ester singlet
4.20; 44 200 Mz (CDCls) & singlets 0.82,
0.85, 0.86, 0.93, 0.89 (twice the arwa of the
other singlets), boronate ester singlet 4,15,

6-Cadiny1-1,3,2-dtoxaborole (4, ReCHy)'®
to a stirred solution of THF {94 mis) and
R38${€83)2 {10 M, 4.9 mls, 43 mol) at -40°
under Kz atsosphere was sdded 5-(£)-2,6,10-
trimethyl-1,5,5-undecatrione (1, 9.4 g, 48.9
ot} in dry THF {20 mls) over 30 min, Stir-
ring was continued for 1 hr at -30°, 1 hr at
0%, and overnight at room tampersture.

The wixture was transferred by syrinpge to
an autoclave under N, atmosphere and ethylene
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gliycol {8.7 g, 140 smol, 3 eq, 7.8 mis) was REFERENCES
added. The autoclave was pressurized with 0 's. Stork, P. A. Grieco, M. Gergson, Tetra-
{1600 pst) and heated for )| hr at 50°, then hedron Let., 1393 {1969).
24 hrs at 150". After cooling to room tem- 2H. C. Brown, Organic Syntheses via Boranes,
perature the mixture was added to hexane (150 John Wiley & Sons, N.Y., 1975, pp. 159-162.
mis), partitioned with H20 (2 x 20 mis) and 3& C. Brown, G. Zweifel, J. Am. Chem, Soc.,
the organic layer was dried (MgSO,), filtered 81, 247 (1959). For a stereochemical study
and concentrated under reduced pressure. of hydroboration see W. Clark Still, K. P.
Short path distillation (+118°, 0.35 mm} af- Darst, J. Am. Chem. Soc., 102, 7385 (1980).
forded a cloudy colorless liquid. Medium N. Ixekawa, Y. Masuda, Chem. Pharm. Bull.
pressure liquid chromatography {silica gel, {Tokyo) 11, 249 (1963).
CHyC1,) afforded 3.9 g (29% yield) of a clear, 5. Takahashi, M. Takani, Chem. Pharm. Bull.,
colorless liquid. Data of the nixture of iso- 24, 2000 (1976).
mers is as follows. TLC {stlica gel, CHyCY5) 68. J. Burreson, C. Christopherson, P. J.
Rf = 0.90. IR {f1m) 2950, 2930, 2870, 1450, Scheuer, Tetrahedron, 31, 2013 {1975).
1385, 1335, 1270, 1235, 1210, 1150, 1030, 78. A. Nagasampagi, S. Dev, C. Tai. K. L.
950 cn ', Th-mm (€OC1,) 6 0.8-1.C (m, 124), Murphy, Tetranedron, 22, 1949 (1966).
1.0-2.0 (m, 1SH), 4.0 and 4.1 (singlets, total BG. Briegere, T. J. Nestrich, G. McKenna,
M), P (COCY,) fndicated at least two J. Org. Chem., 34, 2789 (1969).
boronate esters & 65.2, 65.0'%. GC (5% SE-30, . C. Brown, E. Negishi, J. An. Chem. Soc.
6' x 178, 150°, v = 55 cmd/min) broad peak 91, 1228 (1969).
5.0 min, ! A1 compounds are racemic, formulas indicate
Elemental analysis calculated 73.38% C, relative stereochemistry.
11.23% H; found 73.70% C, 11,485 K. M5 (70 M riene 1 (R-CHy) reacts similarly. Altnough
eV) m/e 278 (7 rel.%), 235 (100) 165 (33). the cadinol series 2 (ReCH,) was not sepa-
200 Mz ‘H»N"R gave the following methyl rated by gic, 200 Mz ‘n-w indicates it
resonances (CDCY4) ¢ 0.69, 0.72, 0.76, 0.77, may follow the same trend, based upon the
0.79, 0.80, 0.83, 0.84, 0.8, 0.95, 0.98, 0.99. methyl resonances of 4 (R-CM3) and 4 (R=H).
Boronate ester resonances occured at 6 4.03 ]ZTM g-attachment of double bond ¢ to boron
and 4.09 (fintegral 1:2, respectively). hydride Il requires » more strained ring for
4-Desmethyl-6-cadinol (2, R=H} General pro- reaching to the “o" face of doudle bond ¢,
cedure - to the boronate esters (previously thus 3b should be favored over la.
fsolated by preparative gas chromatography, uThese attempts include myltiple glc and lc
5% SE-30, 150°, 16’ x 174", v = 100 cnslmin} chromatographic techniques, as well as deri-
in THF was added 5 M NaQH. Hydrogen peroxide vatization.
{302} was added slowly and the stirred mixture "‘lhese boronate ester resonances were accom-
was refluxed. After cooling to room tempers- panied by the usual envelope of aliphatic
ture the mixture was partitioned with hexane resonances.
and the organic layer was dried (NgSO‘). fil- ‘SBoron is assumed to be planar in all tri-
tered, and evaporated under reduced pressure, valent structures and in structures 4a and
affording clear, colorless, 1iquids as per 4b only one chair-chair conformation is
Table I. illustrated.
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Table 1
- Reflux Product wt (mqs)
Ester (weight) THF{mis) NaOH({mls) uzoz(ms) Time {hrs) of 2 and yield

4 59 mg (0.22 meol) 3 0.12 0.10 6 22 & (87%)

4b 27 mg {0.10 mmol) 1 0.20 0.18 24 pd-3 19 {90%)

4c 145 mg (0.55 mmol) 8 0.22 0.20 6 2c 110 (96%)

44 6.5 mg (0.025 mmo1) 1 0.05 0.05 6 24 5 (96%)




