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Radicalic bromination of 1, 2, and 3 leads to products with halogen in the
isopropyl group. The corresponding olefins are obtained by elimination of HBr.

(Keywords:  17,19-Dinoratis-15-ene-4,13,14-tricarboxylic  acid,  16-(1-
methylethyl), cyclic-13,14-anhydride (4«,84,12«) and derivatives; 17,19-
Dinoratis-15-ene-4,13,14-tricarboxylic  acid,  16-(1-methylethyl),  4,13,14-
trimethylester (4a,8x,120,138,140) and derivatives; 1-Phenanthrenecarboxylic
acid, 1,2,3,4,40,9,10,10a-octahydro-1,4a-dimethyl-7-(1-methylethyl)-,  [1R-
(1o, 4da0,4b3,1000) ] and derivatives)

Bromierung von Harzsdurederivaten

Die radikalische Bromierung von 1, 2 und 3 fithrt zu in der Seitenkette
halogenierten Produkten. Eliminierung von HBr liefert die entsprechenden
Olefine.

Introduction

Resin acids appear to present an attractive source of a steroid
skeleton. Many attempts have been made to convert abietic acid and
related compounds into steroids?—13. One of the main problems in the
course of these syntheses is the modification or degradation of the
isopropyl groupl4-18. Our interest in the degradation or transformation
of this group prompted us to examine the radicalic bromination of 1, 2,
and 3.

Results and Discussion

Diels- Alder-adducts of levopimaric acid methyl ester with maleic anhydride
(1) and fumaric acid methyl ester (2) are well known and their stereochemistry
has been extensively investigated!9—22. Bromination of 1 and 2 has been
described to yield different bromolactones which have been characterized by
spectroscopic methods23-26, Common to all brominations of 1, 2 or related
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compounds carried out until now is the modification of the carbon—carbon-
double bond. Spectroscopic evidence has been obtained that during radicalic
bromination an intermediate with a halogen atom in the isopropyl group. i.e. in
allylic position to the double bond, might exist26. This is in agreement with
molecular model considerations which show that the double bond in these
compounds is sterically shielded by the C-10-methyl group thus leading to
allylic substitution.
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We have obtained compounds 1 and 2 from colophony by a method
previously described??. Dehydroabietic acid methyl ester (3) was
prepared in excellent purity by dehydration of abietic acid with Li28
and subsequent esterification with diazomethane in the usual man-
ner29,

The action of one mole bromine in dry CCl, during irradiation with a
100 W light bulb on 1 and 2 produced 4 and 5 in high yields; no other
products could be detected. Although 4 and 5 eliminate HBr readily to
give 10 and 11 resp., they could be isolated. These compounds
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correspond to the above mentioned intermediate and are the products
of allylic bromination. Thus the first step during direct bromination of
1, 2 and similarly 17,19-Dinoratis-15-ene compounds is the attack of
bromine at the allylic position of the isopropyl group. We could not
isolate any sideproducts which indicate that the C—C-double bond is
attacked by the halogen. Elimination of HBr with dry pyridine from 4
and 5 yields 10 and 11, respectively, in quantitative yields.
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While bromination of 1 with an excess of bromine leads to a mixture
of products, the reaction of 2 with two moles of bromine yielded a
compound 6 which eliminates HBr very easily to give either 8 (by
treatment with pyridine) or a mixture of 8 and 9 (by chromatography
on silicagel). 6, 8, and 9 have been characterized by spectroscopic
methods and 6 has been shown to exist as a mixture of epimers (ratio
1:2; by tH-NMR).

Application of an excess of bromine on 2 gave compound 7 in good
yield. The presence of 6 as an intermediate was indicated by NMR-
analysis of the reaction mixture, suggesting that further halogenation
proceeds via the assistance of the neighbouring bromine30.31. 7 is
remarkably stable and did not eliminate HBr by treatment with
pyridine. This is probably due to the fact that the remaining isopropyl
protons are shielded from the attack of the base by the bulk of bromine
atoms.

Bromination of 8 with three moles of bromine yielded a mixture of
bromo compounds. After elimination of HBr and chromatography on
silicagel 12 was obtained. Reaction of 3 with NBS in CCl, gave
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bromoproducts in poor yields which after treatment with pyridine and
separation by TLC were characterized by spectroscopic methods. For
these compounds we assume the structures 12, 13, and 14.
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Experimental Part

Spectra were recorded on the following instruments: NMR : Bruker WM-
250; IR : Perkin-Elmer IR 337; UV : Perkin-Elmer 330; MS: Varian MAT 311 A.
Melting points were detected on a Kofler apparatus and are uncorrected. Molar
rotations were measured using a Perkin-Elmer-141-polarimeter. Elementary
analyses were performed by Dr. J. Zak, University of Vienna.

Purification of solvents and reagents: CCl, was destilled from Py0j;,
pyridine from CaH,. Bromine was stirred with concentrated sulphuric acid,
isolated after phase separation and destilled.

Bromination

Dilute solution of 1, 2 or 3, respectively, in CCl; were prepared dissolving
about 5 mmol of substance in approximately 100 ml of solvent. The appropriate
amount of bromine in four times of its volume CCl, was slowly added from a
dropping funnel under stirring and irradiating with a 100 W light bulb at room
temperature unless otherwise stated. HBr-fumes were conducted to a vent.
After the addition was complete, the reaction mixture was stirred and
irradiated for approximately 0.5h and the solvent removed in vacuo at room
temperature.

Elimination

. The bromo compounds were dissolved in an excess of dry pyridine and kept
at room temperature for some hours. Pyridine was removed under vacuum and
the residue acidified with dilute sulphuric acid. The aqueous solution was
extracted three times with ether, the organic phase washed with water and
dried over anhydrous sodium sulphate and the ether was removed. The
purification of the compounds is described below.

17.19- Dinoratis-15-ene-4,13,14-tricarboxylic acid, 16-( I-bromo-1-methylethyl),
cyclic 13,14-anhydride, methyl ester [4o,8a,120] (4)
Yield: 100%; m.p. 218-224°C; [«]p=—30.2° (CoH;0H); CyHyBrOy;
mol. wt. 493.

Caled.: C60.85 H6.74 Br16.19.
Found: C59.00 H6.72 Br20.63.
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IT-NMR (250 MHz, C4Dg): =043 (s, 3H), 0.59 (dt, 1 H), 0.83 (dd, 1 H),
1.16 (s, 31), 1.50 (s, 3H), 1.69 (s, 3H), 1.88 (d, 1 H), 2.22 (dd, 1 H), 2.57 (td,
1H), 3.17 (m, 1H), 3.40 (s, 1H), 5.48 (s, 1 H).

MS (70eV, 90°C): mje =412 (M+HBr, 11%), 181 (61), 121 (93), 82 (100), 81
(36), 80 (94).

IR (CH,Cly): 2940, 2880, 1860, 1840, 1790, 1730 cm-1.

17,19-Dinoratis-15-ene-4,13,14-tricarboxylic acid, 16-(1-bromo-I-methylethyl),
trimethyl ester [4o,8a,124] (5)

Yield: 100%; Cy;HagBrOg: mol. wt. 539.

Caled.: C60.10 H7.29 Br14.83.
Found: C59.32 H7.14 Br17.34.

1H-NMR (2560 MHz, C4Dg): 3=10.56 (s, 3H), 1.25 (s, 3H), 1.80 (s, 3H), 1.89
(s, 3H),2.98 (m, 1H), 3.23 (d, 1 H), 3.27 (s, 3 H), 3.34 (3, 3H), 3.40 (s, 3 H), 3.57
(m, 1H), 5.63 (s, 1H).

MS (70eV, 105°C): mfe = 458 (M+-HBr, 6%), 313 (33), 146 (100), 131 (32),
121 (34), 114 (32).

IR (CHCL): 2950, 2880, 1730 cmt.

17,19-Dinoratis-15-ene-4,13,14-tricarboxylic acid, 16-(1,2-dibromo-1-bromome-
thyl-ethyl), trimethyl ester [4a,8a, 12a] (7)

Bromination was carried out under reflux (3 h) and the crude product was
chromatographed on silicagel (benzene:ethylacetate = 10:1). Yield: 90%;
Co7;HgyBryOg; mol. wt. 697,

Caled.: C46.48 H5.31 Br34.43.
Found: C46.21 H6.44 Br33.81.

Vapor pressure osmosis: 689 + 33.

IH-NMR (250 MHz, CsDg): 8 =0.48 (s, 3H), 1.19 (s, 3H), 3.29 (s, 3H), 3.38
(s,3H),3.05(m,1H),3.14(d,2H),3.40(s,3H),3.82(d, 1H),3.94 (d, 2H), 4.05
(d, 1H), 5.77 (s, 1 H).

MS (field desorption): mfe =697 (M, 14%;), 618 (71), 617 (74), 616 (100),
538 (74), 536 (81).

IR (CH,Cly): 2950, 2880, 1735, 1630 cm—1.

17,19-Dinoratis-15-ene-4,13,14-tricarboxylic acid, 16-(2-bromo-1-methylethenyl ),
trimethyl ester [4a,8a,120] (8)

Elimination was carried out on the boiling water bath. The product was
chromatographed in the same way as compound 7. Yield: 76%;; Cy;HayBrOs;
mol. wt. 537.

TH-NMR (250 MHz, CsDg): 8 = 0.30 (s, 3H), 0.61 (dt, 1 H), 1.30 (s, 3H), 1.94
(s,3H),2.84 (d, 1 H), 3.10 (d, 1 H), 3.16 (m, 1 H), 3.26 (s, 3 H), 3.34 (s, 3 H), 3.40
(s, 3H), 5.76 (s, 1H), 6.35 (s, 1 H).

MS (70eV, 120°C): mfe = 538/536 (M+, 1.5/1.5%), 146 (100), 145 (18), 131
(15), 121 (28), 59 (31).

IR (CH,Cly): 2950, 2870, 1730 cm1.

UV (CH;0H): hpax =252nm, e = 1700; shoulders at 245, 235 and 262 nm.
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17.19- Dinoratis-15-ene-4,13,14-tricarboxylic acid, 16-( 1-bromomethyl-ethenyl),
trimethylester (4o, 8a,122] (9)

Chromatography of 500mg 6 (silicagel, benzene:ethylacetate = 10:1)
yielded 140 mg of 9 and 220 mg of 8. Yield: 32%; Cy,Hy, BrOg; mol. wt. 537.

TH-NMR (250 MHz, C¢Dy): 3 =0.30 (s, 3H), 1.22 (s, 3H), 2.91 (d, 1H), 3.17
(d, 1H),3.25(s,3H), 3.32 (3, 3H),3.37 (s, 3H),3.77 (d, 1 H),3.91 (d, 1 ). 4.91
(s, 1H), 5.15 (s, 1H), 6.04 (s, 1 H).

MS (70eV, 100°C): mje = 538/5636 (M+, 0.9/0.7%,), 397 (17), 146 (100), 145
(20), 121 (38), 114 (39).

IR (CH,Cl,): 2940, 2860, 1730, 1610 cmt.

UV (C.H;0H): Apax = 234nm; e = 7000.

17,19- Dinoratis-15-ene-4,13,14-tricarboxylic acid, 16-( 1-methylethenyl), cyclic
13,14-anhydride, methyl ester [4a,8x,120] (10)

The crude product was recrystallized from ethylacetate. Yield: 90%; m.p.
223-235°C; [o]p = +26.7 (CuH,OH); CpsHgyO5; mol. wt. 412.

Caled.: C72.78 H7.81.
Found: C72.20 H7.74.

TH-NMR (250 MHz, C4Dg): $§ =0.22 (s, 3H), 0.61 (dt, 1 H), 1.13 (s, 3H), 1.58
(s, 310, 1.97 (d 1H), 2.35 (dd, 1 H), 2.54 (td, 1 H), 3.28 (m, 1 H), 3.40 (s, 3 H),
4.88 (s, 1H), 5.19 (s, 1 H), 5.56 (s, 1 H).

MS (70eV, 120°C): mje =412 (M+, 14%), 181 (73), 132 (30), 131 (30), 121
(100), 91 (37).

IR (CH,CL): 2950, 2880, 1870, 1860, 1790, 1730 cm™1.

UV (CH;0H): Apax =240nm, e =29000; shoulder at 234 nm.

17.19- Dinoratis-15-ene-4,13,14-tricarboxylic acid, 16-(1-methylethenyl },
trimethyl ester [4o,8%,120] (11)

The reaction mixture was chromatographed in the same way as compound
7. Yield: 929;; Co,HgeOg; mol. wt. 458.

Caled.: C70.72 H8.35.
Found: C68.87 HS8.14.

IH-NMR (250 MHz, CsDg): 5 = 0.42 (s, 3H), 0.61 (dt, 1), 1.17 (s, 3H), 1.87
(s, 3H),2.87 (d, 1 H),3.12 (d, 1 H), 3.25 (s, 3 H), 3.35 (s, 3H), 3.39 (s, 3H), 3.49
(s, 110), 4.86 (s, 1 H), 5.18 (s, 1 H), 5.82 (s, 1 H).

MS (70eV, 80°C): m/e = 458 (M, 8%), 314 (32), 313 (37), 146 (100), 131 (29),
114 (39).

IR (CH,CL): 2950, 2920, 1730, 1645, 1635 cm-1.

UV (CH50H): hpax =242nm; e = 16 000; shoulders at 235 and 250 nm.

1-Phenanthrenecarboxylic acid, 1,2,3.4,4a,10a-hexahydro-9-bromo-1,4a-
dimethyl-7-(1-methylethenyl) (12)

Bromination was carried in boiling CCl; and the reaction mixture chro-
matographed in the same way as compound 7. Yield: 5%; b.p. 100°C
(10~8 torr); Cy HosBrOy; mol. wt. 389.

Caled.: C64.78 H6.43 Br20.57.
Found: C63.59 H6.36 Br21.33.
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LH-NMR (250 MHz, CsDy): = 0.96 (s, 3 H), 1.29 (s, 3 H), 2.00 (m, 3 H), 3.06

(d, 1H), 3.23 (s, 3H), 5.01 (m, 1H), 542 (m, 1 H), 6.45 (d, 1), 6.85 (d, 1 H)
7.28 (dd, 1H), 7.96 (d, 1 H).

MS (70eV, 90°C): m/e = 390/388 (M, 12/11%), 309 (12), 249 (15), 69 (100),

68 (100), 41 (100).
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