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SYNTHESIS OF DITERPENE ANALOGUES OF CARDENOLIDES

Arturo San Feliciano®, Manuel Medarde, Esther Cabailero, Belén Hebrero and Femando Tomé.
Department of Organic Chemistry. Facultad de Farmacia. 37007. Salamanca. Spain.

Abstract: The synthesis of diterpene analogues of cardenolides from sandaracopimaric acid has
been achieved. Funtionalization in Cy4 and C,¢ was carried out by hydroboration-oxidation and
the formation of the butenolide ring was conducted through a Reformatsky-type reaction.

The search for new inotropic analogues of cardenolides receives justification in the need for obtaining
substances with a better therapeutic index and in establishing the structural requirements for a positive
interaction with the inotropic receptor of cardiac glycosides12-3.

With these aims in mind, we have developed a line of research directed towards obtaining compounds
that maintain, on different structural residues, a butenolide and a hydroxyl group in an arrangement similar to
that of the cardiac genins?. This situation can be achieved on a diterpene skeleton such as isopimarane, which
shows a close structural relationship with the steroid system.

In the present work we describe the synthesis of the lactone 1 from sandaracopimaric acid 2, a
compound that can be obtained from several specia of the families Cupresaceae and Pinaceae3.

In the retrosynthetic study (scheme I), we planned the construction of the butenolide ring from an
acetoxymethylketone grouping, which can be obtained from a carboxyi group on C;¢. The introduction of this
group and that of the hydroxyl group at position Cj4g can be carried out by successive funtionalization of
positions 16 and 14, through selective hydroboration-oxidation of sandaracopimaric acid, in the sequence
already described by usS.

- COCH, OAC

Scheme I
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RESULTS AND DISCUSSION

The synthesis of compound 1 was carried out as depicted in schemes II, III and IV, starting with the
conversion of sandaracopimaric acid (2) into the ester diacetate 36,

Deacetylation of 3 at Cy¢ was carried out by selective saponification, taking into account the easier
accessibility of the acetate on C¢ with respect to the acetate on Cy4. Thus, by treatment with NaHCO3-HyO/
MeOH (1:3) over 40 h at room temperature, a mixture of products was obtained with methyl 14B8-acetoxy-16-
hydroxy-13-epi-pimaran-18-oate (4) as the expected major component. Using other proportions of NaHCO3-
H,O/ MeOH (1:5 or 1:2) and using longer reaction times a smaller yield of 4 was obtained. The minor
products § and 6, once acetylated and mixed with 3, were subjected several times to treatment with base
leading to a 93% total yield in compound 4 (scheme II).

g CHIOAC
i
OAc .
"coocn,
2 3
3 . ..u:/CH20H+ et CH;OA: ..,,,,CHzOH
(22.7%) OAc OH OH
4 (65.9%) 5 (1.3%) 6 (2.8%)

4 i g~ COOH  ili-v vy COCHzR
98.4% OAc 92.3% OAc
7

8 R=Cl vi
9 R=OAc ..__j 58.1%

i. NaHCO;-H,0/MeOH (1:3); ii. Jones; iii. SOCly; iv. CHaN,; v. HCI(g); vi. NaOAc/Ac,0

Scheme I

The oxidation of 4 with Jones reagent (CrO3/H3S04) led to the acetoxyacid 7, from which the side
chain was lengthened by one carbon atom. The transformation of 7 into its acid chloride followed by treamment
with diazomethane afforded the derived diazoketone, which was transformed into the chloromethylketone 8 by
reaction with HCI (g)7. Substitution of the chloride by acetate led to the acetoxyketone 98 (scheme II).



Diterpene analogues of cardenolides

To construct the butenolide, the Horner-Emmons reaction® was attempted but discarded since this
reaction carried out with triethyl phosphonoacetate and substrates analogous to the a-acetoxyketone 9 led to
mixtures of E and Z isomers (7:3), with a predominance of the E isomer, which did not lactonize under
either acid or basic conditions. In order to avoid this problem, we performed a Reformatsky-type reaction on 9
(scheme MI). Thus, treatment with ethyl bromoacetate and Zinc8.10 afforded a complex product which after
basic treatment and later acetylation led to the following products: 10 (5.2%), 11 (17.2%), 12a+12b (33.5%)
and 13a+13b (1.3%).

. eveg .- COCH20AC
i-iii
QAc
———————- +
10 (5.2%)
O 0 0
""'/Co B /CO K /d)
. + i
OAc
* OAc * OMOH OAc
11 (17.2%) 12a+12b (33.5%) 13a+13b (1.3%)

. COOE:
/1:, OAc
oH OH
OAc
“coocHs

14 15a+15b
1. Reformatsky; ii. NaHOO,-H,O/MeOH; iii. Ac;O/Pyr; iv. concentrated HC/EL,O/EXOH; v. SOCl,/Pyr
Scheme III

The y-lactone 10 is a compound resulting from the degradation of the acetoxymethylketone grouping!!
to the carboxylic acid and lactonization at position 14. 11 is one of the expected products in which it was
possible to observe the spectroscopic characteristics of the butenolide system (IR: 1790, 1755 and 1640 cm-l;
IH NMR: 5.90 (1H, brs) and 4.72 (2H, m) ppm and !3C NMR: 74.8, 118.9, 166.4 and 173.6 ppm).

Selective hydrolysis of the C4-acetate of 11 in acid medium!2 was produced without affecting the
carbomethoxy group at C;g nor the butenolide, to give a mixture of 14 and 11. After chromatographic
separation, the recovered portion of 11 was subjected to several hydrolisis-separation processes, producing an
almost quantitative transformation into 14. The best yields were obtained with ether/ethanol/concentrated
hydrochloric acid at a proportion of 1:1:0.6. Substances 12a+12b and 13a+13b are mixtures of epimers at
C,¢ that differ in some signals of their NMR spectra (Tables III and IV).
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When the product of the Reformatsky reaction was not subjected to any basic treatment, component
separation proved to be more difficult, because apart from producing the above mentioned 10, 11 and
12a+12b, compounds 15a+15b were also present in the reaction product. Saponification of this mixture
yielded 12a+12b and under the same conditions 13a+13b was converted into the butenolide 11, which
accounts for the low percentage isolated of 13a+13b and the absence of 15a+15b in the Reformatsky
reaction described above. Another reaction carried out to increase the butenolide yield was the dehydration of
12a+12b with SOCl,.

The atterpts to carry out the hydrolysis of the methyl ester on C,g in the presence of the butenolide on
C,5 were first made with HOAc/quinoline, because the hydrolysis of axial and equatorial esters has been
described under these conditions!3 and in our hands it had been effective on methy] sandaracopimarate, and
secondly with KOH/t-BuOH. In both cases, the butenolide was degraded in a similar fashion as the cardiac
glycosides!4.

As a consequence, the synthesis of 1 was performed from 12a+12b. Treatment of 12a+12b with
saturated KOH(z-BuOH) led to mixtures of epimers 16a+16b and 17a+17b. The mixture of acetylated
epimers 18a+18b was dehydrated to 19, whose hydrolysis in acid medium occurred in a similar way to that
described for 11, yielding a mixture of the final product 1 and of 19 (scheme IV).

12a+12b
16a+16b R =H; R'= Me (13.8%)
17a+17b R=H, R'=H (83.7%) i
18a+18b R=Ac;R=H | 61.2%

o]
N /d)
iii iv
76.7% 3 times 76.7%

i KOH/ ¢-BuOH; ii. AcyO/Pyr; ili. SOCly/Pyr; iv. concentrated HCVELO/E:OH

Scheme IV

The structure of compounds 1-19 was established by means of their spectroscopic properties!3,
Compounds 1 and 14 are currently being studied regarding their inotropic activity and the results will be
published elsewhere.



TABLE L '"HNMR daa (200MHz) for compounds 1, 3-11, 14 and 19.

Diterpene analogues of cardenolides

H 1 k- [ ] 4 [ 1 8 2 10 u 14 19
14 297d 450d 450d 294d 295d 4.56d 4.56d 4534 351d 452d 288d 453d
9.5) Q01) (101) (9.7 9.8 (102) (102) 9.7 (11.1) (1000 (9.7) (10.0)
15 2694 221d 2405 2235 227s 2304 2534 2314
(13.2) 13.7) (13.8) (13.5) (13.8)
15 249d 2134 2234 2414 2224
(13.2) 13.7n (13.8) (13.5) (138)
16 409¢: 36Tm 419t 3.69m
(7.6) (1.4)
17 1.06s 0985 0935 0915 088s 1.07s 107s 1072 098s 100s 0945 100s
19 1395 116s 1.15¢ 1195 1172 1162 1.17¢ 1165 118s 1162 117s 1l16¢
20 090s 095s 088s 090s 088s 098s 089s 088s 0955 089s 088s 090
21 489s 472m 4774 473 m
(1.9)
22 606+ 5.90brs 5.86brs S5.91brs
OMe 362s 362s 36635 3645 363s 3625 3625 365s 363s 365
OAc 206s 2065 205s 207s 206s 206s 208s 208
201 403s 214:
4552
¢ Pyr
CDCly. 8 (ppm), from internal TMS. J Hz
TABLE IL 13C NMR data (50.3 MHz) for compounds 1, 3-11, 14 and 19,
C Lr 3 4 H [ 1 1 g 2 10 u u 19
1 378 382 382 382 382 381 382 381 380 382 382 1382
2 188 181 181 181 181 181 180 180 181 181 181 180
3 359 368 367 369 362 367 364 367 370 368 369 369
4 476 475 478 415 474 418 47.4 474 476 47.5 476 472
s 499 493 492 496 496 492 49.1 491 510 492 495 490
6 245 236 238 239 240 236 235 235 234 236 238 238
7 31.8 303 304 310 311 302 302 302 306 303 308 304
8 39.3 365 366 382 380 367 361 364 342 370 388 371
9 547 542 542 544 545 S40 539 540 S4S5 S40 542 sS40
10 36.5 362 362 356 369 362 366 361 366 362 363 362
1 199 192 192 193 194 192 190 190 196 192 195 192
12 387 350 350 362 382 350 347 346 336 355 358 355
13 400 368 369 373 377 376 380 381 409 386 394 386
14 804 826 828 815 81.5 826 824 827 915 824 811 826
15 406 393 435 402 465 455 491 487 462 401 404 401
16 1693 608 586 614 583 1768 2006 2022 2008 1664 167.8 166.5
17 179 175 181 169 158 170 172 170 17.8 181 17.5 18.0
18 1814 1789 1790 179.2 1794 1790 1788 1788 179.1 1789 1792 184S
19 178 167 167 167 167 167 166 166 166 167 167 16.5
20 148 144 44 145 145 141 143 143 147 145 146 145
21 75.4 748 751 748
2 1163 1189 1184 1189
3 1743 1736 1740 1738
OMe 51,7 517 S17  S17 S16  S1.7 517 S19 518 518
OAc 20.8(2) 208 21.0 208 207 207 20.3 205
170.8(2) 171.7 1709 1M.0 1709 1709 170.4 1710
Others 49.6 203
69.1
169.9

Cll,)”ds- & (ppm), from interual TMS.
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TABLE I THNMR data (200MHz) for the pairs of epimeric compounds 1213, 18-18.

H
14

17
19
20
21

21

Others

La 1 1a 1B 152 1 16 16 17a 1T

4894 4924
9.9 (99)
095 s
1164
0895
4104 3904
9.8 9.7
444d 4064
9.8) ©.7)
2485 2444

(17.2)
24835 2754
a12)
162
2125

10.9) (10.9)
1002 1.01 ¢
1165 117 s
088s 0952
410d 4184
(10.4) (10.6)
445d 4404
(10.4) (10.6)
2684 2104
17.9) (18.0)
300d 3.10d
(179 (18.0)

203,207

4.584d
(10.0)

4614d
(10.0)

1.04 5
116 ¢
0.89s

4.00 d
(aL3)
4164
(1.3)
255

39d
(11.3)
4084
(11.3)
260 s

362
207
1.28: (0.1)

416¢
an

415¢
an

9.8)
1.00s 095
118 ¢
0.88 ¢
403d 4234
9.7 (1.9
4254 438d
9.7 AL%)
265s 2454

(17.9)
265s 260d
(17.9)

365s

12 180
3194 4894 4914
(9.6) (10.0) (98)
120 116 096 ¢
138 s 1.16 5
089s 085¢ 090 s
422d 442d 4124 395d
on on 9.6) (10.2)
4504 462d 446d 4.06d
9.1) 9.1) 96) (102)
297s 285s 247d 2484
(17.9) (17.9)
2504 2684
(1790 (17.9)
208¢

Pyr
CDCl & (ppm), from internal TMS. J Hz

TABLE IV. 13C NMR data (50.3 MHz) for the pairs of epimeric compounds 12-13, 15-18.

C La 122 La 1B La _iSh la i 1A 1l la __1&
1 38.1 38.2 382 382 38.6 380
2 18.0 18.1 18.1 18.2 188 18.0
3 36.7 36.8 36.6 37.0 376 369

4 41.5 475 47.6 47.6 41.7 47.2
s 49.2 49.3 49.3 49.4 499 49.0
6 23.5 236 2.7 238 24.6 236
7 30.5 30.4 30.6 30.7 319 306
8 36.5 36.8 36.6 38.5 39.0 36.6
9 54.0 539 54.2 54.2 54.8 539
10 36.2 36.4 358 363 36.5 36.2
1n 19.1 19.2 193 19.1 19.7 19.2
12 34.4 36.2 36.2 38.2 39.3 38.0
13 389 388 38.9 39.2 40.1 389
14 83.2 83.5 84.0 82.4 82.2 821 832
15 463 45.1 41.3 435 429 528 538 521 529 463 453
16 77.1 768 853 733 787 76.4 76.5 77.1 764 710
17 20.2 17.6 18.8 16.7 17.6 210
18 179.0 179.0 179.0 1793 181.4 184.3
19 16.6 16.8 16.8 16.7 17.6 16.4
20 14.4 14.5 14.4 14.6 14.8 144
21 80.2 81.0 771 750 69.5 70.1 811 799 81.5 807 802 806
22 45.7 49 443 450 45.7 451 43.8 450 4.7 455 458 443
23 1751 1743 179.0 175.2 1771 175.2
OMe 51.8 519 S1.8 519

OAc 21.0 207, 22.1 208, 20.9 20.4

1729 170.4,171.1 1704, 171.4 173.2

Others 14.1, 60.6
*Pyr

CDCl3. 8 (ppm), from internal TMS.
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EXPERIMENTAL

General: The solvents and reagents were purified and dried by standard techniques. Mps are uncorrected. The
IR spectra were taken in 4% CHClj; solution and NMR spectra were obtained in CDCly solution (200 MHz for
1H, 50.3 MHz for 13C), unless otherwise stated. Chemical shifts are reported in ppm (8) downfield from
internal TMS. Optical rotations were measured at 20°C on a digital polarimeter. Mass spectra were obtained
under electron impact (70 eV) and ultraviolet spectra were obtained in methanol.

70 ml of saturated NaHCO3 (aq) were added to a stirred solution of 3 (7.4 g, 17 mmol) in 210 ml of
methanol and maintained with vigorous stirring for 30 h at 25°C. The mixture was then diluted with water,
extracted with EtOAc and washed with brine. After the usual work up the crude product (7.1 g) was
chromatographed over silica gel to yield: unreacted 3 (1.7 g, 22.7%; Hexane/EtOAc 6:4); § (75 mg, 1.3%;
Hexane/EtOAc 6:4); 4 (3.7 g, 65.9%; Hexane/EtOAc 6:4) and 6 (170 mg, 2.8%; EtOAc).

Acetylation of § and 6 gave a further amount of diacetate 3, that was again saponified. After seven
times, the partial saponification of 3 yielded 6.2 g of 4 (93%).

4. [a]20(r): +8.7° (589), +9.3° (578), +10.5° (546), +19.3° (436), +32.8° (365), ¢ = 1.14% (CHCl3).
IR: 3520, 1740, 1270, 1160, 1040 cm-1.

IH-NMR: Table L. 13C-NMR: Table II.

Methyl 16-acetoxy-14B8-hydroxy-13-epi-pimaran-18-oate (5):

[a]20(1): -4.0° (589), -4.3° (578), -4.6° (546), -7.0° (436), -9.3° (365), ¢ = 0.93% (CHCly).

IR: 3500, 1745, 1730, 1250, 1140, 1060 cm'!,

IH-NMR: Table L. 13C-NMR: Table II.

Methyl 148,16-dihydroxy-13-epi-pimaran-18-oate (6):

Mp = 136-137°C. [a]20(A): -16.2° (589), -17.4° (578), -20.2° (546), -31.0° (436), -47.4° (365), c = 0.98%
(CHCl3).

IR: 3220, 1720, 1230, 1140, 1100, 1060 cm-1.

1H-NMR: Table I. 13C-NMR: Table II.

A stirred solution of alcohol 4 (6 g, 16.2 mmol) in acetone (160 ml) at 0°C was titrated with Jones
reagent (CrO3/H,504). The mixture was extracted with EtOAc when the orange colour persisted. After the
usual work up 6.1 g of 7 (98.4%) were obtained.

7. Mp = 176-178°C. [a]20(r): +19.4° (589), +20.6° (578), +23.2° (546), +41.2° (436), +67.3° (365), ¢ =
1.03% (CHCly).

IR: 3300-2500, 1740, 1720, 1250, 1040 cm-1.

'H-NMR: Table I 13C-NMR: Table II.

Acetoxyacid 7 (6 g, 14.7 mmol) was converted into the acylchloride with thionylchloride (25 ml) in
dry benzene. An ethereal solution of the acylchloride was added dropwise to an excess of ethereal
diazomethane and maintained for 3 h between -5°C and 0°C. Afterwards, a HCI(g) current was bubbled
through the reaction mixture for 1 h. By usual work up 8 (6 g, 92.3%) was obtained.

5.9 g (13.4 mmol) of 8, acetic anhydride (119 ml) and anhydrous sodium acetate (20 g, 217 mmol)
were refluxed under Ny for 4 h. After extraction, the organic layer was evaporated and the residue was
chromatographed over SiO, to give 9 (3.6 g, 58.1%).
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Methyl 148-acetoxy-16-chloromethyl-16-0x0-13-epi-pimaran-18-oate (8):

Mp = 142-144°C. [a]20(0): +22.0° (589), +23.5° (578), +27.3° (546), +53.6° (436), +112.4° (369),
¢ = 1.13% (CHCl).

IR: 1740, 1730, 1250, 1040, 980, 910, 870 cm-1.

TH-NMR: Table I. 13C-NMR: Table IL

9. Mp = 82-86°C. [a]20(): +10.2° (589), +10.9° (578), +12.5° (546), +23.1° (436), +43.1° (365),
¢ = 0.98% (CHCly).

IR: 1745, 1720, 1250, 1170, 1130, 1030 cm-L,

TH-NMR: Table I. 13C-NMR: Table II.

Reformatsky reaction

A- A solution of ethyl bromoacetate (96 ml, 0.86 mol) and a-acetoxyketone 9 (450 mg, 0.96 mmol) in dry
benzene was added dropwise, to a stirred mixture of active granulated zinc (450 mg, 6.8 mmol) in dry benzene
The mixture was refluxed for 6 h, and the zinc compound was decomposed as usual with dilute HCl (aq).
Extraction with EtOAc yielded 450 mg of reaction product. After several saponifications, acetylations and
chromatographies, 10 (9.8%), 11 (17.8%), 12a+12b (22.8%), and 15a+15b (5.6%) were obtained.
18-methoxy-18-0x0-13-epi-pimaran-148,16-olide (10):

Mp = 191-193°C. {«]20(0): -61.3° (589), -64.5° (578), -73.5° (546), -126.3° (436), ¢ = 1.04% (CHCl,).

IR: 1780, 1720, 1250, 1170, 1070, 1045, 990 cm-!.

IH-NMR: Table I. 13C-NMR: Table II.

Methyl 14B-acetoxy-16-carboxymethyliden-16-hydroxymethyl-13-epi-pimaran-18-oate y-lactone (11):
[2]20(1): +24.9° (589), +26.3° (578), +29.9° (546), +52.4° (436), ¢ = 1.22% (CHCl3).

IR: 1790, 1755, 1725, 1640, 1250, 1180, 1040 cm-L.

UV Az nm (€): 212 (20300).

IH-NMR: Table I. 13C-NMR: Table II.

Methyl 148-acetoxy-16-carboxymethyl-16-hydroxy-16-hydroxymethyl-13-epi-pimaran-18-oate 7y-lactone
(12a+12b):

IR: 3380, 1780, 1720, 1250, 1140, 1100, 1050, 1020, 820 cm-1.

IH-NMR: Table III. 13C-NMR: Table IV.

Methyl 140-acetoxy-16-acetoxymethyl-16-ethoxycarbonylmethyl-16-hydroxy-13-epi-pimaran-18-oate
(15a+15Db):

IR: 3480, 1740, 1720, 1250, 1100, 1030, 970 cm-}.

1H-NMR: Table III. 13C-NMR: Table IV.

B- The reaction was carried out in the conditions described in A with zinc (2.6 g, 39.7 mmol), 9 (2.6 g, 5.6
mmol) and ethyl bromoacetate (35 ml, 314 mmol). The mixture was refluxed under N3 for 6 h and the zinc
compound was decomposed as usual with dilute HCI (aq). Extraction with EtOAc yielded 3 g of reaction
product. After column chromatography 10 (100 mg, 5.2%) and another complex mixture (2.2 g) were
obtained. This latter mixture was stirred in NaHCO3-H,O/MeOH (100/120 ml) for 72 h at 25°C and was
extracted with EtOAc to give 1.25 g of reaction product. The aqueous layer was acidified and after extraction
yielded 960 mg.

By acetylation and chromatography of both fractions: 11 (430 mg, Hexane/EtOAc 65:35) and 12 (280
mg, Hexane/EtOAc 1:1) were isolated from the neutral fraction and 13 (38 mg, Hexane/EtOAc 6:4) and 12
(590 mg, Hexane/EtOAc 1:1) were obtained from the acid fraction.
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Methyl 148,16-diacetoxy-16-carboxymethyl-16-hydroxymethyl-13.epi-pimaran-18-oate y-lactone (13a+13b)
IR: 1785, 1745, 1725, 1250, 1040, 980 cm'1.
[H-NMR: Table III. I3C-NMR: Table IV.

Dehydration _of 12a+12b:

A solution of 12a+12b (45 mg, 0.097 mmol), pyr (1.2 ml) and SOCI; (0.5 ml) was stirred under N,
for 45 min at 25°C. The solution was diluted with water, extracted with EtOAc and after the usual work up, the
crude product was chromatographed (hexane/EtOAc 65:35) to give 11 (32 mg, 74%).

11 (85 mg, 0 19 mmol) in E120/Et01-l/conccntratod HCl(1:1 0 6) was mamtamed for 4 days at room
temperature and then extracted with EtOAc. By chromatography (hexane/EtOAc 6:4) of the reaction product,
unreacted 11 (37.2 mg, 43.4%) and 14 (31.8 mg, 40.8%) were obtained.

14. [a]20(0): +8.6° (589), +10.9° (578), +19.1° (546), ¢ = 0.70% (CHCl3).
IR: 3600, 1790, 1720, 1640, 1260, 1110, 1040, 950, 900, 870 cm-1.

MS: 404 (M*, 21), 345 (61), 307 (61), 247 (99), 229 (90), 173 (17).

UV A ., nm (€): 217 (5050).

IH-NMR: Table I. 13C-NMR: Table I1.

Sapomﬁcanon of mcthylcstcr group in C|8 12 (250 mg, 0.56 mmol) in saturaned KOH(: BuOH) (20
ml) was stirred under N, at 100°C for 1 h and at 40°C for 12 h. The reaction mixtwure was extracted with EtOAc
to give 16a+16b (31.4 mg, 13.8%) and the aqueous layer was acidified with 2N HCI (aq) and extracted with
EtOAc yielding 17a+17b (184 mg, 83.7%).
Methyl 16-carboxymethyl-16-hydroxymethyl-148,16-dihydroxy-13-epi-pimaran-18-oate y-lactone (16a+16b):
IR: 3600, 3350, 1785, 1720, 1260, 1110, 1050, 1040, 1030, 990 cm-1.
TH-NMR: Table III. 13C-NMR: Table IV,
16-carboxymethyl-16-hydroxymethyl-148,16-dihydroxy-13-epi-pimaran-18-oic acid y-lactone (17a+17b):
IR (1% KBr): 3600-2400, 3250, 1785, 1735, 1700, 1100, 1050, 990 cm-1.
IH-NMR (CsDsN). Table III. }3C-NMR: Table IV.

By acetylation of 17a+17b (145 mg) and chromatography over deactivated SiOy (5% H;0),
18a+18b (98 mg, 61.2%) were isolated.

18a+18b (95 mg, 0.19 mmol), pyr (2.4 ml) and SOCl, (1 ml) were stirred under N3, in the same
conditions of dehydration of 12a+12b, to give 19 (70 mg, 76.7%).

Hydrolysis of 19: The reaction of 19 (65 mg, 0.15 mmol) under the same conditions employed in the
acidic hydrolysis of 11, yielded unreacted 19 (32 mg, 50%) and 1 (22 mg, 38,1%).
16-carboxymethyliden-148-bydroxy-16-hydroxymethyl-13-¢pi-pimaran-18-oic acid y-lactone (1):
[a]2O(0): -3.4° (589), -3.7° (578), -4.1° (546), ¢ = 1.00% (Pyr).
IR (1%KBr): 3600-2700, 3500, 1725, 1695, 1630, 1200, 1100, 1030, 990 cm-1.
MS: 390 (M, 2), 345 (5), 275 (10), 293 (10), 247 (31), 229 (21), 173 (8).
IH-NMR (CsDsN). Table: IIL 13C-NMR: Table IV.
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1408-acetoxy-16-carboxymethyl-16-hydroxy-16-bydroxymethyl-13-epi-pimaran-18-oic acid y-lactone

(12a.12M).
\lUaTi0Uy,

IR : 3600-2400, 3420, 1780, 1735, 1700, 1260, 1140, 1125, 1060, 1030, 970 cm-1.

1H-NMR: Table II. }3C-NMR: Table VI.
14B-acetoxy-16.carboxymethyliden-16-hydroxymethyi-13-epi-pimaran-18-oic acid v-lactone (19):
IR: 3500-2400, 3500, 1795, 1750, 1730, 1700, 1650, 1200, 1100 cm-!,

[«]20(1): +25.3° (589), +26.2° (578), +30.4° (546), +53.5° (436), c = 0.97% (CHCly).

uv lmax nm (g): 213 (10617).

IH-NMR: Table L. 13C-NMR: Table IL
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