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Total Synthesis of (+)-Heliannuol A

Erich L. Grimm*, Sylvain Levac, and Laird A. Trimble

Mesck Frosst Centre for Therspeutic Research,
P.0. Box 1005 Pointe Claire-Dorval, Québec Canada HIR 4P8

Abstract: (+) - Heliannuol A has been synthesized via intzamolecular Julia coupling and intramolecular sulfone ester
cyclization.

Heliannuol A (1), a blcychc sesquiterpene of previously unknown carbon skeleton, was recently isolated
from the extracts of cultivated sunflowers (Helianthus annuus L. var. SH-222).! Tts structure and absolute
conﬁgumioﬁ were deduced from extensive NMR stidies as well as X-ray crystallography. Heliannuol A is
believed to be involved in the allelopathic action of sunflowers.™ It is speculated that its biosynthesis may
proceed through a bisabolene-type precursor.'*

In continuation of our interest in medium ring cyclization we now report the first tota! synthesis of (1)
heliannuol A (1) using a route that involves pivotal eight-membered ring construction via intramolecular sulfone
ester’ as well as sulfone aldehyde cyclization. The ring closure process affords products with complete
stereocontrol.
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Starting with coumarin 2,° ring opening of the lactone (NaOH, BnBr, reflux, 5.5 h) yielded acid 3" in
65% yield (Scheme 1). Reduction of the acid (LiAlH,, THF, 0°C, then reflux 3.5 h) and conversion of the
tesulting alcohol to unsaturated sulfone 4° (PBrs, Et;0, 0°C, then PhSO,Na, DMF, 25°C, 15 h) proceeded in
excellent overall yield (85%). Hydrogenation of 4 (H;, Pd/C, EtOAc) resulted in both the reduction of the
double bond and removal of the benzyl protecting group to afford racemic §%in quantitative yield.
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Scheme 1

Incorporation of the gem-dimethyl side chain was accomplished by reacting 5§ with a mixture of
chloroform and powdered sodium hydroxide in refluxing acetone according to Bargellini.'® Subsequent
treatment of the crude acid with diazomethane gave ester 6'' (70% overall) (Scheme 2).

The critical ring closure was readily achieved by slow addition of 2.2 equiv. of lithium bis (trimethylsilyl)
amide (LiHMDS, 1.0 M in THF) to a solution of 6 (5-10° M in THF) at 0°C followed by stirring at this
temperature for 1.5 h.5 After extractive isolation and filtration through a plug of silica gel, ketosulfone 7'* was
obtained in 87% yield as a colourless solid. Reduction of 7 (NaBH,, MeOH, 0°C, 1.5 h) occurred with
complete stereocontrol to furnish 8'? as the sole product (83% yield). Extensive 'H NMR decoupling and NOE
studies at 235K rigorously established the stereochemistry at C-7, C-9, and C-10'*. Altematively, 8 can be
prepared via intramolecular Julia coupling of aldehyde 9'° with 2.0 equiv. of LiIHMDS (5-10” M in THF, 0°C,
0.5 h) although in only 59% unoptimized yield. To our knowledge this is the first application of the Julia
coupling in eight-membered ring construction.'®

Finally, (+)-heliannuol A (1) was obtained via desulfonation (5% Na/Hg, MeOH, 0°C then room
temperature, 16 h, 45% yield) and demethylation (EtSNa, DMF, 150°C, 16 h, 70% yield). 'H and ’C NMR, IR,
and MS data of synthetic (1)-1 were in complete agreement with a sample of natural heliannuol A kindly
provided by Professor Macfas.

In summary, intramolecular Julia coupling as well as sulfone ester cyclization provide efficient access for
a stereocontrolled construction of the heliannuol nucleus. Further studies in other ring systems are underway.
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3: yellow solid, mp 109-112°C; "H NMR (400 MHz, acetone-ds) § 7.50 - 7.25 (m, SH), 6.99 (s, 0.3H), 6.89 (s, 0.7H), 6.78
(s, 0.3H), 6.66 (s, 0.7H), 5.96 (s, 0.7H), 3.94 (s, 0.3H), 3.83 (3, 0.9H), 3.76 (8, 2.1H), 2.49 (s, 0.7H), 2.18 (s, 0.7H), 2.16 (s,
2.1H), 2.15 (s, 2.1H); IR (KBr) v 3200-2800, 1690, 1635, 1610 cm™; MS (CI, CH,) m% 312 (M*), 295 (M+H-H,0)"; anal
caled for CyoHyoO4: C, 73.06; H, 6.45; found: C, 73.00; H, 6.53.

4: Z-isomer: colourless crystals, mp 89-91°C; 'H NMR (400 MHz, acetone-ds) § 7.81 (d, 2H), 7.70 (1, 1H), 7.59 (¢, 2H),
7.41-7.28 (m, SH), 6.91 (s, 1H), 6.46 (s, 1H), 5.53 (¢, 1H, /=75 Hz), 4.97 (5. 2H), 3.74 (4, 2H, J=7.7 Hz), 3.72 (s, 3H), 2.1§
(s, 3H), 2.03 (s, 3H); '°C NMR (100 MHz, acetone-ds) § 152.75, 149.64, 144.30, 140.74, 138.69, 134.33, 129.97, 129.16,
128.85, 12841 128.22, 127.81, 127.21, 117.56, 114.88, 112.44, 71.77, 57.87, 56.17, 25.13, 16.31; IR (KBr) v 2920,
1645, 1580 cm™'; MS (C1, CHy) m/z 423 (M+H)"; anal, calcd for CpsHagO,S: C, 71.06; H, 6.20; found: C, 71.26; H, 6.18;
4: E-isomer: eolourleosaytuk.mp 100-104°C; 'HN’MR(M)OMHz.md‘)879S (d, 2H), 7.64 (¢, 11D, 7.59 (t, 2H),
7.43-7.30 (m, SH), 6.88 (s, 1H), 6.54 (8, 1H), 5.42 (1, 1H, J=8.0 Hz), 5.01 (s, 2H), 4.09 (d, 2H, J=8.0 Hz), 3.79 (s, 3H), 2.14
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(s, 3H), 1.76 (s, 3H); '*C NMR (100 MHz, acetone-d;) 3 152.70, 149.98, 145.10, 140.42, 138.66, 134.39, 132.50, 129.94,
129.25, 129.20, 128.4S, 128.39, 127.05, 117.38, 116.4S, 112.27, 71.83, 56.48, 56.15, 1768, 16.19; IR (KBr) v 2910,
1645, 1580 cov'; MS (CI, CH,) m/z 423 (M+H)*; anal. calcd for CasHoO4S: C, 71.06; H, 6.20; found: C, 71.24; H, 6.21.

8: colouriess crystals, mp 115-116°C; 'H NMR (200 MHz, acetone-ds) 8 7.88 (d, 2H), 7.72 (1, 1H), 7.62 (1, 2H), 6.61 (s,
2H), 3.69 (s, 3H), 3.24-3.10 (m, 2H), 3.03-2.90 (m, 1H), 2.05 (s, 3H), 2.0-1.86 (m, 2H), 1.21 (d, 3H, J=6.9 Hz); °C NMR
(100 MHz, acetone-ds) 8 152.30, 148.68, 140.73, 134.31, 130.10, 129,45, 128.73, 125.46, 118.69, 110.17, 56.13, 55.15,
33.80, 32.59, 20.87, 15.87; IR (KBr) v 3670-3140, 2950, 2925, 1600, 1580 cm™; MS (CI, CH,) m% 363 (M+C,Hy)", 335
(M+H)"; anal. calcd for CiaHly0,S: C, 64.65; H, 6.63; found: C, 64.65; H, 6.54.

Bargellini, G. Gazz. Chim. lial. 1906, 36, 337; see also: Corey, E.J.; Barcza, S.; Klotmann, G. J. Am. Chem. Soc. 1969,
91,4782.

6: yellow oil; "H NMR (400 MHz, acetone-dg) 8 7.89 (d, 2H), 7.72 (t, 1H), 7.63 (¢, 2H), 6.69 (s, 1H), 6.50 (s, 1H), 3.72 (s,
3H), 3.30-3.15 (m, 2H), 3.05-2.95 (m, 1H), 2.08 (s, 3H), 1.94 (apparent q, 2H, J=7.7 Hz), 1.49 (s, 3H), 1.47 (s, 3H), 1.23
(d, 3H, J=7.0 Hz); >C NMR (100 MHz, acetone-dg) 3 175.22, 153.76, 147.03, 140.64, 134.88, 134.37, 130.15, 128.79,
125.01, 120.41, 109.80, 79.66, 55.90, 55.12, 52.59, 32.69, 30.89, 25.85, 25.40, 20.98, 16.25; IR (NaCl) v 2945, 1735,
1580, 1500 cm™'; MS (CI, CH,) m% 463 (M+C;3Hy)*, 435 (M+H)*.

7: This compound exists as two major conformers at 235K; colourless crystals, mp 135-137°C; '"H NMR (500 MHz,
acctone-ds, 235K) 8 7.92 (d, 1H), 7.86 - 7.75 (m, 2H), 7.70 - 7.44 (m, 2H), 6.89 (s, 1H), 6.76 (s, 0.5H), 6.60 (s, 0.5H), 5.28
(dd, 0.5H, J=11.8, 1.5 Hz), 3.90 (dd, 0.5 H, J=12.3, 4.6 Hz), 3.82 (8, 1.5 H), 3.69 (8, 1.5 H), 3.09 (dd, 0.5H, J=4 4, 3.1 H2).
2.91 (dd, 0.5 H, J=12.7, 5.0 Hz), 2.39 (ddd, 0.5H, J=13.6, 5.0, 1.5 Hz), 2.09 (s, 1.5H), 2.06 (hidden m, 0.5H), 2.02 (s, 1.5
Hz), 1.89 (mc, 0.5H), 1.80 (344, 0.5H, J=12.3, 4.4, 4.4 Hz), 1.50 (s, 1.5H), 1.34 (3, 1.5H), 1.33 (d, 3H, J=7.0 Hz), 1.32 (3,
3H), 1.21 (s, 1.5H), 1.13 (s, 1.5H); '°C NMR (125 MHz, acetone-ds, 235K) & 205.69, 201.94, 156.30, 155.38, 146.38,
145.69, 138.52, 138.42, 136.47 (2), 135.44, 135,29, 130.92, 130.81, 130.10, 130.04, 127.89 (2), 125.70, 125.48, 113.13,
107.35, 86.80, 85.57, 68.90, 65.80, 55.77, 55.61, 39.25 (2), 36.65, 36.27, 25.25, 24.36, 21.47, 21.19, 19.09, 1841, 1645,
16.15; IR (KBr) v 2940, 1720, 1500, 1400 cm™; MS (CI, CH,) m/z 403 (M+H)"; anal. calcd for CasHagOsS: C, 65.65; H,
6.51; found: C, 65.43; H, 6.48.

8: colourless crystals, mp 151-153°C; 'H NMR (500 MHz, acetonc-d, 235K) 57.83 (d, 2H), 7.65 (¢, 1H), 7.55 (¢, 2H), 6.72
(s, 1HD, 6.69 (s, 1HD, 4.35 (d, 1H, J=6.7 Hy), 4.17 (dd, 1H, J=10.7, 6.7 Hz), 3.82 (s, 3H), 1.76 (3dd, 1H, J=10.6, 4.3, 3.3
Hz), 3.29 (m, 1H), 3.13 (ddd, 1H, J=15.2, 129, 4.6 Hz), 2.52 (ddd, 1H, J=15.1, 3.6, 3.6 Hz), 2.07 (s, 3H), 1.20 (s, 3H),
1.19 (s, 3H), 1.17 (d, 3H, J=6.8 Hz); C NMR (125 MHz, acetone-ds, 235K) 8 154.69, 144.62, 144.13, 138.53, 133.16,
129.06, 128.62, 128.43, 124.16, 111.96, 81.46, 69.82, 68.36, 55.38. 36.36, 31.42, 27.86, 25.48, 21.05, 1599. IR (KBf) v
3510, 2970, 1590 cm™; MS (CI, CH,) m/z 404 (M™); anal. calod for CpHogOsS: C, 65.32; H, 6.98; found: C, 65.09; H,
6.73.

Key NOE's were observed between 10-OH and 14-CH,, 10-OH and 9-H, 10-H and 7-H.
The aldehyde was prepared from 6 via reduction/oxidation (DIBAL/PCC).
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