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LONG-CHAIN FATTY ACID ESTERS
OF SOME NORDITERPENOID ALKALOIDS

Y Bal, HARIDUTT K. DESAL and S. WILLIAM PELLETIER*

Institute for Natural Products Research and Department of Chemistry,
The University of Georgia, Athens, Georgia 30602-2556

ABSTRACT.—Several C-8 long-chain fatty acid esters of aconitine-type norditerpenoid
alkaloids namely, aconitine, delphinine, delphisine, falconerine-8-acetate, mesaconitine, and
pseudaconitine bearing a C-8 acetyl group, have been prepared. Preparation was achieved by
heating the alkaloids with the neat fatty acid under vacuum. All the compounds have been fully
characterized by physical and spectroscopic data. Identification and characterization of reaction
byproducts are also included.

The medicinal use of Aconitum and Delphinium species spans many centuries.
Aconitum preparations have been used as cardiotonics, febrifuges, sedatives, and anodynes
(1,2). Delphinium excracts have been employed in analgesic balms and also as sedatives,
emetics, and anthelminthics (1,2).

Aconitum tuber is an important ingredient of Chinese medicinal preparations used
as analgesics, cardiotonics, diuretics, and stimulants (3). Kitagawa and co-workers (3)
have studied the constituents of the unprocessed and processed Chinese crude drug
“Chuanwu” (identified as Aconitum charmichaeli) and reported isolating a mixture of C-
8 long-chain fatty acid esters of aconitine, mesaconitine, hypaconitine, and 3-
deoxyaconitine, which they named “lipo-aconitines.” During the course of our pharma-
cological studies of diterpenoid alkaloids and their derivatives (4—6) we have prepared
a number of C-8 farty acid esters of aconitine, mesaconitine, delphinine, delphisine,
pseudaconitine, and falconerine. We report here the preparation and characterization of
seventeen C-8 long-chain fatty acid esters. Several byproducts produced under the
reaction conditions have been isolated and identified through their spectroscopic data.
The specific rotations, ir, ms, 'H- and “C-nmr spectra for all the compounds are
presented.

RESULTS AND DISCUSSION

Attempted preparation of aseries of C-8 long-chain fatty acid esters of norditerpenoid
alkaloids using the procedure reported by Kitagawa (3) gave low yields of the desired
products. After a detailed study of various reaction conditions, the amount of pyridine
turned out to be the key factor, i.e., addition of a small amount of pyridine was essential,
but with increasing amount of pyridine, the yield of the desired product decreased. An
alternative vacuum procedure (see Experimental) was developed for this purpose which
gave us consistent results. Some byproducts were formed but the major compounds
isolated were the required esters (40-50% yield). The purity of the products was
determined by checking their tlc in various solvent systems and their °C-nmr spectra.

Five C-8long-chain fatty acid esters of aconitine were prepared initially: 14-benzoy-
laconine-8-linoleate [1], 14-benzoylaconine-8-linolenate {2}, 14-benzoylaconine-8-
oleate {31, 14-benzoylaconine-8-palmitate [4], and 14-benzoylaconine-8-stearate 5].
The yields of compounds 1-5 were in the range of 40-50%, but all were accompanied
by a byproduct, the known pyroaconitine {61 (30—35%) (7). Compounds 16 were fully
characterized spectroscopically. The 'H- and C-nmr chemical shifts of these com-
pounds are based on the revised unambiguous assignments of aconitine (8,9) (see Table
1 for ®C-nmr shifts). The "C-nmr chemical shift assignments for the fatty acid carbons
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1 2 " 28" 7 10" 117 12 13" 147177 18" 6
1 R'=Et, R*=CO(CH,),CH=CHCH,CH=CH(CH,),Me
2 R'=Et, R’>=CO(CH,),CH=CHCH,CH=CHCH,CH=CHCH,Me
3 R'=Et, R*=CO(CH,),CH=CH(CH,),Me
4 R'=Et, R>=CO(CH,),Me
5 R'=Et, R*=CO(CH,), Me
19 R'=Me, R*=CO(CH,),;Me

7 R=CO(CH,),CH=CHCH,CH=CH(CH,),Me
8 R=CO(CH,),CH=CHCH,CH=CHCH,CH=CHCH,Me
9 R=CO(CH,),CH=CH(CH,),Me

10 R=CO(CH,), Me

11 R=CO(CH,),Me

12 R=COCH,Me 14 R=CO(CH,),Me

TABLE 1. C-Nmr Chemical Shifts and Assignments for Compounds 1-6, 16-18, and 20.

Compound
Carbon
1 2 3 4 5 6 16 17 18 20
) N 82.3d 82.2d 823d 82.3d 82.4d 83.5d 77.5d 779d 82.8d 82.1d
2 e 335t 334¢ 334t 334¢ 335¢ 340t | 288t 276t 33.1¢ 33.2¢
L I 71.5d 71.4d 71.5d 713d 71.6d 71.8d 353¢ 3541t 71.8d 7164
4 ... .. 4305 4295 4305 429s 43.1s 4365 388s 39.2s 4305 4305
5 464d | 463d | 463d | 463d | 464d | 484d | 48.7d 49.6d 464d | 48.6d
6 . 834d | 833d | 834d | 833d | 834d | 840d | 83.4d 82.3d 83.5d ] 83.0d
T 446d | 445d | 446d | 445d | 446d | 41.6d | 493d 45.8d 48.6d | 47.4d
8 ... 91.7s 91.6s 91.6s 9165 91.7s 49.3d 85.2s 838s 85.5s 85.2s
9 44.2d 44.1d 44.2d 44.1d 44.2d 38.6d 44.3d 44.2d 4494 44.6d
10 ... 40.9d 40.8d 40.9d 40.8d 41.0d 44.7d 438d 43.8d 435d 40.8d
)8 50.0s 49.9s 50.0's 49.9s 50.1s 51.1s | 4935 484s 50.5s 50.2s
12 ...l 35.7¢ 35.6¢ 356t 356t 357¢ 328¢ 29.2¢ 29.1¢ 28.1¢ 349¢
13 ... 74.0s 73.9s 74.0s 73.9s 7405 77.3s | 383d 35.7d 394d | 74.6s
14 .......... 78.9d 78.8d 78.9d 78.8d 78.9d 78.4d 74.9d 74.2d 753d 78.5d
15 ... il 78.9d 78.8d 78.9d 78.8d 789d | 211.7s 37.7¢ 125.9d 3841t 39.9¢
16 ... 90.0d | 89.9d | 899d ) 899d} 90.0d ] 860d | 829d 133.34d 82.3d | 83.6d
) 61.0d | 6094 | 61.2d | 609d | 61.3d | 61.6d | 604d 61.8d 61.2d | 61.5d
18 ..., 76.6 t 76.6t 76.6t 764t 76.8t 76.7 t 799t 803t 77.2t 7691t
19 ... 469 ¢ 4691t 4691t 469t 47.0¢ 47.2¢ | 54.1¢ 54.2 ¢ 4851t 4681t
NCH, ....... 4891t 488t 48.8¢ 48.81¢t 4891t 49.0t | 484t 48.7t 476t 4861t
CH,......... 133q | 132q ] 133q| 133q | 133q| 133q} 1334 13.4q 13.2q | 13.24q
1-OMe....... 55.9q | 558q | 559q | 558q | 559q | 561q | — — 559q | 5599
6OMe....... 581q | 580q | 581q| 58.0q| 582q| 57.8q | 5824 57.7q 57.9q | 57.9q
16-OMe...... 61.2q | 6l.1q| 609q | 616q | 61.0q | 623q | 5659 — 56.6q | 5879
18-OMe...... 59.0q 59.0q 59.0q 59.0q 59.1q 59.2q [ 59.0q 59.2q 59.0q 59.0q
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TaBLE 1. Continued.
Compound
Carbon
1 2 3 4 5 6 16 17 18 20

(arom)C=0 166.0s | 1659s | 166.0s | 16595 | 166.0s | 166.0s | — — 165.8s | 165.8s
| S 129.8s | 129.6s | 129.65 | 129.6s | 129.7s | 12935 — — 12285 | 1225
2 129.7d | 129.6d | 129.64d | 129.6d | 129.7d | 129.6d — — 112.0d | 111.8d
3 128.6d | 1285d | 128.6d | 128.5d | 128.6d | 1286d | — — 148.6s | 14855
4. 133.2d | 133.2d | 133.2d | 133.2d | 1333d | 133.6d | — — 152.9s | 15295
b 128.6d | 128.5d | 128.6d | 128.5d | 128.6d | 128.6d — — 110.24d | 110.2d
[ 129.7d | 129.6d | 129.6d | 129.6d | 129.7d | 129.6d — — 123.6d | 123.6d
3'-OMe ...... — — — — — — — — 55.6q | 55.7q
4OMe...... — — — — — — — — 558q | 55.7q
@HN". ... 175.1s | 175.0s | 175.1s | 175.1s | 175.2s — 1723 s 172.2s 1725s | 172,65
2" 347t 3461t 347t 346t 348t — 344¢ 35.0¢ 348¢ 347t
3 241t 240t 24.1¢ 241t 242t — 247t 246t 242t 241t
4" 288t 287t 28.8¢ 287t 289¢ — 2891t 29.1 ¢ 29.1¢ 29.0¢
5 29.0¢ 289¢ 289¢ 289t 29.0¢ — 29.0t 29.3 ¢ 29.2¢ 29.1¢
6. 29.0t 289¢ 289t 29.2t 294¢ — 29.2¢ 29.6¢ 293¢ 29.2¢
A 293¢ 294t 29.3¢ 296t 297t — 29.2¢ 29.6¢ 294t 293¢
8. 27.1t 271t 27.1t 29.6¢t 297t — 27.1¢ 27.2t 296t 296t
9. 129.9d | 130.1d | 129.6d 29.6¢ 297 ¢ — 130.0d 130.0d 296t 296t
10".......... 128.1d | 128.1d | 130.0d 29.6¢t 297« — 128.1d 128.14 29.6t 29.6¢t
1. 256t 254t 27.1t 296t 29.7 ¢ — 255t 256t 296t 296t
127 ... 127.8d | 126.9d 29.6t 296t 29.7¢t — 127.84d 127.94d 296t 29.6t
137 130.2d | 128.2d 295¢ 29.6t 29.7t — 130.2d 130.2d 29.6t 29.6 ¢
147 27.1¢ 240t 296t 3181t 297t — 27.1t 272t 31.8¢ 31.8¢
157 295¢ | 127.7d 295¢ 226t 297t — 29.6 ¢ 31.5¢ 226t 226t
16" ... 315¢ | 131.84d 31.8¢ 14.0q 319« — 314¢ 318¢ 141q 14.14q
17" . 2251t 204t 2261t — 227t — 225t 226t — —
18 141q | 142q| 141q| — l41q | — 1404 14.1q — —
1-0Ac ....... — — — — — — 170.3,21.3 170.5, 21.1 — —
14-OAc ...... — — — —_ — — 170.7,22.0 | 1709, 22.0 —_ —

are based on the published values for these acids (10). The same series of esters of
delphinine were prepared: 14-benzoyldelphonine-8-linoleate {7}, 14-benzoyldelphonine-
8-linolenate {8}, 14-benzoyldelphonine-8-oleate {91, 14-benzoyldelphonine-8-palmi-
tate {101, 14-benzoyldelphonine-8-stearate {11}, and 14-benzoyldelphonine-8-propi-

17 R=CO(CH,),CH=CHCH,CH=CH(CH,),Me
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TABLE 2. "C-Nmr Chemical Shifts and Assignments for Compounds 7-15 and 19.

Compound
Carbon
7 8 9 10 11 12 13 14 15 19
) 849d 84.8d 84.9d 849d 84.9d 84.9d 86.1d 85.1d 82.1d 82.4d
2 264t 262t 264+t 264t 2641t 263t 25.2¢ 26.3¢ 225t 340t
[ 2 347t 346t 347t 347 ¢ 347t 346t 35.2¢ 3481t 2791t 71.24d
4 39.5s 39.3s 394s 3945 394s 39.2s 40.0's 395s 46.5s 434 s
S e 484d | 482d | 484d | 484d | 484d | 484d | 484d | 487d | 457d | 4634d
6 . i 83.0d 82.8d 83.0d 83.0d 83.0d 82.9d 83.5d 82.2d 83.6d 83.2d
T o 48.1d 48.0d 48.1d 48.1d 48.1d 48.0d 50.3d 446d 53.7d 43.6d
8 85.3s 85.1s 853s 85.2s 85.2s 85.2s | 146.85s 83.4s 8435 91.5s
S 45.1d 449d 45.1d 45.1d 45.1d 45.0d 47.5d 442d 4294 44.3d
10 ...t 41.14d 40.9d 41.14d 41.1d 41.14 41.0d 46.5d 42.24d 40.2d 40.9d
D 50.3s 50.2s 50.3s 50.3s 50.3s 50.2s 51.8s 50.1s 51.6s 5005
12 ... 354t 353t 354¢t 354t 3541t 354t 38.2¢t 389t 359¢ 357t
13 .o 74.8 5 74.7 s 7485 7485 7485 74.7 s 77.5s 76.2s 74.7 s 74.0's
| 78.84d 78.7d 78.8d 78.8d 78.8d 78.7d 79.1d 78.2d 78.9d 78.9d
15 ..o 393 ¢ 9.1t 393¢ 393t 393¢ 39.3t | 116.2d | 125.7d 387t 78.9d
| (S 83.6d 83.54d 83.6d 83.6d 83.6d 83.5d 83.5d | 137.0d 83.0d 90.0d
17 63.4d 63.3d 63.4d 634d 63.4d 63.3d 78.6d 64.3d 61.2d 62.2d
18 ... 80.2t 80.0t 80.2¢ 80.2¢t 80.2¢ 80.1t 80.3¢ 804 ¢ 779¢ 76.3 t
19 oo 56.1t 55.9¢ 560t 56.1t 56.0t 56.0t 56.5 t 56.1t | 166.0d | 494:
NCH, .......... 425q | 424q | 425q | 425q | 425q | 424q | 428q | 425q | — 424q
1-OMe.......... 588q | 58.7q 58.8q 58.8q 58.8q 587q | 56.8q 57.5q 56.1q 56.4q
6-OMe.......... 58.0q 57.8q 5799 58.0q 58.0q 57.8q 582¢q 56.5 q 57.2q 58.1q
16OMe......... 566q | 564q | 566q | 5367q | 566q | 565q | 572q | — 588q | 6l.2q
18-OMe......... 59.1q | 589q| 591q| 59.1q | 591q| 59.0q | 593q| $9.2q | 590q | 5914
14-aromatic
C=0........... 166.3s | 166.2s | 166.3s | 1663s | 166.3s | 166.2s | 168.2s | 166.8s | 165.9s | 166.0s
1 129.7s | 130.1s | 129.9s | 130.2s | 130.2s | 130.1s | 130.5s | 130.0s | 129.7s | 129.7 s
2 129.7d ] 129.6d | 129.7d | 129.7d | 129.7d | 129.6d | 130.0d | 129.7d | 129.3d | 129.7d
3. 128.5d | 1284d | 1285d | 1285d | 1285d | 1284d | 128.2d | 1284d | 128.4d | 128.6d
4 133.1d ) 1329d | 133.1d j 133.1d | 133.1d | 133.0d | 132.9d | 133.2d | 132.7d | 133.34
S e 128.5d | 1284d | 128.5d | 128.5d | 128.5d | 128.4d | 128.2d | 1284d | 128.4d | 128.6d
[ 129.7d | 129.6d | 129.7d | 129.7d | 129.7d | 129.6d | 130.0d | 126.7d | 129.3d | 129.7d
8-fatty acid
1”7 172.6s | 172.5s | 172.6s | 172.6s | 172.6s | 173.1s —_ 17245 | 169.5s | 175.2s
2 347t 345¢ 347t 347t 347t 279t — 350t 214q | 34.7¢
3 241t 240t 241t 241t 241t 83q | — 242t | — 24,1t
4 2891t 288t 290¢ 289t 289t — — 289t — 289t
b P 291t 289t 29.0¢ 29.1¢ 29.1¢ — — 29.1¢ — 290¢
6" 29.1t¢ 289t 29.0t 294 ¢ 29.4¢ — — 294+t —_ 293¢
T 293t 2941t 293t 294+t 294¢ — — 294t — 293¢t
8 27.2¢ 27.1t 27.2¢ 29.7¢ 29.7t — — 297t — 29.7¢
9 130.0d | 130.1d | 129.7d 29.7t 29.7t — — 29.7t — 29.7t
107 ..o 128.1d | 128.2d | 130.0d 287t 297t — — 29.7¢ — 297 ¢
1" 25.6¢ 254t 27.2¢ 297t 29.7 ¢ — — 297t — 297t
| 127.8d | 1269d 2981t 29.7¢ 297t — — 297t — 297 ¢
13" 130.2d | 128.2d 293¢ 29.7 ¢ 29.7¢ —_ — 29.7¢ — 297t
14" 27.2¢ 2541t 298¢ 319¢ 29.7¢ —_— — 31.9¢ — 3191t
157 . 29.6t | 127.6d 29.5¢ 227t 29.7¢ —_— — 227 ¢ — 227t
167 315¢ | 131.8d | 319t | 141q | 319t | — - 141q ) — 14.1q
177 226¢ 204t 227t — 227t — — — —_ —_
18 141q | 142q| 141q| — 141q | — — — - —

onate {12}. Three byproducts were formed under the reaction conditions and were
isolated from these reactions: pyrodelphinine {13}, 16-demethoxy-15,16-didehydro-
14-benzoyldelphonine-8-palmitate {14} (in the case of reaction with palmitic acid), and
N-demethyl-N,19-didehydrodelphinine [15}. The preparation of long-chain fatty acid
esters of delphisine was difficult because of the facile epimerization of the C-1-a-
hydroxyl group (12). The reaction of 1-acetyldelphisine with linoleic acid furnished 1-
acetyl-8-deacetyldelphisine-8-linoleate {161along witha byproduct, 1-acetyl-8-deacetyl-
16-demethoxy-15,16-didehydrodelphisine-8-linoleate {17}. Palmitic esters of three
more alkaloids were prepared: falconerine-8-palmitate {18}, 14-benzoylmesaconine-8-
palmitate {19}, and 8-deacetylpseudaconitine-8-palmitate {20]. The ’C-nmr data of
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these compounds are listed in Tables 1 and 2. Ms, ir, optical rotations, and 'H-nmr data
are given in the Experimental. The biological activities of the compounds reported in
this work will be published elsewhere.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Optical rotations were measured in CHCl, in a Perkin-Elmer
model 141 polarimeter. It spectra were taken on a Perkin-Elmer model 1420 spectrophotometer in Nujol.
'H-, ¥C- (including DEPT), and 2D nmr spectra were recorded in CDCL,, on Bruker AC-250 and AC-300
instruments equipped with the standard Bruker software. Ms were recorded on a Finnigan Quadrupole 4023
instrument at 70 eV. Isolation of the reaction products was carried out through separation on an Al,O, rotor
(1 mm, EM-1104) of a Chromatotron (13).

GENERAL PROCEDURE FOR PREPARATION OF LONG-CHAIN FATTY ACID ESTERS.—The norditerpenoid
alkaloid and the long-chain fatty acid (in excess) were mixed and placed into a small sublimation apparatus,
and then heated in an oil bath (110°) for 3 h. A vacuum was applied during heating (0.1-0.5 mm/Hg). The
reaction mixture was then dissolved in CHCI, and the solution was passed through a basic AL, O, (activity
III) column followed by separation on a2 Chromatotron rotor using a gradient of hexane and EtOH.

14-BENZOYLACONINE-8-LINOLEATE [1}.—Aconitine (100 mg, 0.15 mmol) and oleic acid (200 mg,
0.71 mmol) were thoroughly mixed and the mixture was heated for 3 h. The workup and fractionation of
the reaction mixture (as described above) gave 1 as an oil (C;H,,NO,,;, 53 mg, 39.9%) {aF’D +7.1°
(¢=0.77); ir v max 3495, 1729, 1714, and 1280 cm™'; eims m/z 554 [M—R’—OH—OMe]" (32), 444 (2),
266 (11), and 105 (100); 'H nmr 8 0.88 (3H, t,J=7.0 Hz, H-18"), 1.08 (3H, t, J=7.2 Hz, N-CH,CH,),
3.15 (3H, s, OMe-6), 3.25 (3H, s, OMe-1), 3.29 (3H, 5, OMe-18), 3.33 (1H, d, J=5.4 Hz, H-16a), 3.45
and 3.60 (1H each, d, J=9.0 Hz, H-18), 3.75 (3H, s, OMe-16), 3.95 (1H, s, OH-13),4.02(1H, d, J=6.3
Hz, H-6B),4.42(1H,dd,J=5.3and 2.6 Hz, H-15B),4.48 (1H,d,J=2.6 Hz, OH-15),4.85(1H,d,J=4.8
Hz, H-14B), 5.35 (4H, m, H-9", 10", 12", and 13"), 7.43 (2H, t, J=7.2 Hz, H-3",5"),7.56 (1H, t, J=7.2
Hz, H-4"), and 8.02 (2H, d, J=7.2 Hz, H-2', 6'); for >C-nmr data, see Table 1.

14-BENZOYLACONINE-8-LINOLENATE [ 2}.—Aconitine (100 mg, 0.15 mmol) and linolenic acid (200
mg, 0.72 mmol) were mixed thoroughly. The reaction and workup were carried out as per the general
procedure to give 2 (C,oH,,NO,,, 60 mg, 44.9%) as an oil, [a}’D +0.14° (¢=0.47); ir » max 3480, 1731,
and 1711 em™; eims m/z 554 [M—~R’—OH—OMe}" (65), 536 (8), and 105 (100); 'H nmr 8 0.97 (3H, t,
J=7.2Hz,H-18"),1.09 (3H, t, J=7.2 Hz, N-CH,CH,), 3.15 (3H, 5, OMe-6), 3.26 (3H, 5, OMe-1), 3.29
(3H, s, OMe-18), 3.34 (1H, d,J=5.0 Hz, H-16a), 3.45 and 3.60 (each 1H, d, /=8.8 Hz, H-18), 3.76 (3H,
s, OMe-16), 3.95 (1H, s, OH-13), 4.03 (1H, d, J=6.5 Hz, H-6B), 4.43 (1H, dd, J=5.2 and 2.5 Hz, H-
15B),4.48(1H, d,J=2.5 Hz, OH-15),4.85 (1H,d, J=5.0 Hz, H-14B), 5.36 (6H, m, H-9", 10", 12", 13",
15", and 16"), 7.44 (2H, t, J=7.2 Hz, H-3', 5"), 7.56 (1H, t, J=7.2 Hz, H-4"), and 8.03 (2H, d, J=7.2
Hz, H-2', 6'); for ’C-nmt data, see Table 1.

14-BENZOYLACONINE-8-OLEATE [3].—Aconitine (100 mg, 0.15 mmol) and oleic acid (200 mg, 0.71
mmol) were thoroughly mixed. The reaction and workup were carried out as per the general procedure to
give compound 3 (C,,H,,NO,;, 52 mg, 38.7%) as an oil, [a}'D +2.29° (¢=0.26); ir v max 3495, 1729,
1712,1280,1100,and 710 cm ™ ; eims m/z 554 [IM—R>*—~OH—OMe}" (27), 264 (3), and 105 (93); 'H nmr
50.87 (3H, t,J=7.0 Hz, H-18"), 1.09 (3H, t, J=7.2 Hz, N-CH,CH.), 3.15 (3H, 5, OMe-6), 3.25 (3H, s,
OMe-1), 3.29 (3H, 5, OMe-18), 3.34 (1H, d, J=5.0 Hz, H-16a), 3.45 and 3.60 (1H each, d, J=8.9 Hz,
H-18), 3.75 (3H, s, OMe-16), 3.95 (1H, s, OH-13), 4.02 (1H, d, J=6.9 Hz, H-6B), 4.44 (1H, dd, J=5.3
and 2.8 Hz, H-15B), 4.48 (1H, d, J=2.7 Hz, OH-15), 4.85 (1H, d, J=4.9 Hz, H-14B), 5.34 (2H, m, H-
9"and 10"), 7.44 2H, t,J=7.3 Hz, H-3',5"), 7.56 (1H, t,J=7.4 Hz, H-4'),and 8.02 (2H, d, J=7.3 Hz,
H-2', 6'); for ’C-nmr data, see Table 1.

14-BENZOYLACONINE-8-PALMITATE {4}.—Aconitine (200 mg, 0.31 mmol)and palmitic acid (400 mg,
1.56 mmol) were mixed thoroughly. The reaction and workup were carried out as mentioned in the general
procedure to give 4 (C,H,,NO,,, 110 mg, 42.2%) as thick oil, {a]’D +5.30° (¢=0.34); ir v max 3495,
1730, 1713, 1278, and 1096 cm™'; eims m/z 554 [M—R’—OH—OMel" (14), 257 (6), 213 (6), 105 (22),
and 43 (100); 'H nmr 8 0.86 (3H, t, J=7.1 Hz, H-16"), 1.08 (3H, t, J=7.2 Hz, N-CH,CH,), 3.14 (3H,
s, OMe-6), 3.24 (3H, s, OMe-1), 3.28 (3H, s, OMe-18), 3.33 (1H, d, J=5.5 Hz, H-16a), 3.44 and 3.60
(each 1H, d, J=8.9 Hz, H-18), 3.74 (3H, s, OMe-16), 3.95 (1H, s, OH-13),4.01 (1H, d, J=6.7 Hz, H-
6B), 4.42 (1H, dd, J=5.3 and 2.8 Hz, H-15B), 4.48 (1H, d, J]=2.7 Hz, OH-15),4.84 (1H, d, J=5.0 Hz,
H-14B),7.43(2H, t,J=7.2 Hz, H-3',5"),7.55 (1H, t,J=7.2 Hz, H-4"), and 8.01 (2H, d, J=7.2 Hz, H-
2', 6"); for *C-nmr data, see Table 1.
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14-BENZOYLACONINE-8-STEARATE {5].—Aconitine (100 mg, 0.15 mmol) and stearic acid (200 mg,
0.7 mmol) were mixed thoroughly. The reaction and workup were carried out as mentioned in the general
procedure to give 5 (C;,H,,NO,,, 55 mg, 40.8%) as an oil, {a}*D +6.75° (¢=0.28); ir v max 1730, 1712,
and 1097 cm”; eims m/z 554 [M—R’—OH—OMe]" (3), 257 (6), 105 (39), and 44 (100); 'H nmr 3 0.88
(3H, t,J=7.0 Hz, H-18"), 1.10 (3H, t,J=7.1 Hz, N-CH,CH,), 3.16 (3H, 5, OMe-6), 3.27 (3H, 5, OMe-
1),3.30 (3H, s, OMe-18), 3.35 (1H, d, J=5.3 Hz, H-16a), 3.47 and 3.61 (each 1H, d, J=8.8 Hz, H-18),
3.77 (3H, s, OMe-16), 3.96 (1H, s, OH-13),4.03 (1H, d, /=6.9 Hz, H-6B), 4.44 (1H, dd, J=5.3 and 2.6
Hz, H-15B),4.50 (1H, d, J=2.6 Hz, OH-15), 4.87 (1H, d, J=4.9 Hz, H-14B), 7.45 (2H, t, J=7.3 Hz,
H-3',5),7.57 (1H,t,J=7.1 Hz, H-4"),and 8.03 (2H, d, J=7.2 Hz, H-2', 6"); for “C-nmr data, see Table
1.

PYROACONITINE [6}.—This compound was isolated from all the reactions of aconitine with fatty acids,
as an amorphous solid (C,,H,,;NO,, 30-35%): [a}’D —82.41° (¢=0.59); ir v max 3400, 1720, 1710, 1271,
and 1092 cm ™ '; eims m/z 554 [IM—31Y" (94), 536 (7), 455 (7), and 105 (100); 'H nmr 8 1.04 3H, ¢, J=7.0
Hz, N-CH,CH,), 2.04 (1H, d, J=6.6 Hz, H-5), 3.25 (6H, s, OMe-1 and -6), 3.30 (3H, s, OMe-18), 3.72
(2H, dd, J=16.5 and 9.0 Hz, H-18), 3.81 (3H, 5, OMe-16), 3.90 (1H, d, J=6.5 Hz, H-6B), 5.42 (1H, d,
J=4.9Hz,H-14B),7.47 (2H,1,J=7.2Hz,H-3",5"),7.60(1H,t,J=7.2 Hz, H-4'),and 7.93 (2H,d, J=7.2
Hz, H-2', 6"); for ’C-nmr data, see Table 1.

14-BENZOYLDELPHONINE-8-LINOLEATE {7].—Delphinine (100 mg, 0.166 mmol) and linoleic acid
(200 mg, 0.71 mmol) were mixed thoroughly. The usual reaction and workup yielded compound 7
(C45H,,NO,, 60 mg, 43.9%) as an oil, [a}’D +23.7° (¢=0.59); it v max 3440, 1730, 1280, 1096, and 710
cm s eims m/z 789 {M~311" (2), 539 (7), 524 (5), 508 (33), and 41 (100); 'H nmr 3 0.88 (3H, t, J=7.2
Hz, H-18"), 2.32 (3H, 5, N-CH,), 3.15 (3H, 5, OMe-6), 3.27 (6H, s, OMe-1 and -18), 3.53 (3H, 5, OMe-
16),3.96(1H,d,J=6.5 Hz, H-6B),4.88 (1H,d,J=4.5 Hz, H-14B), 5.35 (4H,m, H-9”,10",12",and 13"),
7.42 (2H,t, J=7.2 Hz, H-3',5'), 7.54 (1H, t, J=7.2 Hz, H-4"), and 8.06 (2H, d, J=7.2 Hz, H-2', '),
for *C-nmr data, see Table 2.

14-BENZOYLDELPHONINE-8-LINOLENATE {8].—Delphinine (150 mg, 0.25 mmol) and linolenic acid
(300 mg, 1.07 mmol) were mixed thoroughly. The usual reaction and workup furnished compound 8
(C,H,,NO,, 94 mg, 45.5%) as an oil, [a}’D +20.02° (¢=0.31); it v max 3450, 1726, 1280, 1130, 1093,
and 710 cm_'; eims m/z 508 [M—R’~OH—OMe}" (7), 237 (21), 105 (57), and 44 (100); 'H nmr 8 0.95
(3H, t,J=7.2 Hz, H-18"), 2.31 (3H, 5, N-CH,), 3.12 (3H, 5, OMe-6), 3.25 (6H, s, OMe-1 and -18), 3.51
(3H, s OMe-16), 3.94(1H, d,J=6.5 Hz, H-68),4.87 (1H,d, J=5.0 Hz, H-14B), 5.35 (6H, m, H-9", 10",
12", 13", 15", and 167, 7.41 (2H, t, J=7.2 Hz, H-3', 5'), 7.53 (1H, t, J=7.2 Hz, H-4'), and 8.05 (2H,
d,J=7.2 Hz, H-2', 6"); for ®C-nmt data, see Table 2.

14-BENZOYLDELPHONINE-8-OLEATE {91.—Delphinine (150 mg, 0.25 mmol) and oleic acid (300 mg,
1.07 mmol) were thoroughly mixed. The usual reaction and workup gave compound 9(C,,H,;NO,, 85 mg,
41.3%) as an oil, {a}’D +20.08° (¢=0.40); ir v max 1730, 1280, 1116, and 1093 cm; eims m/z 791
{M—311" (3), 508 (25), 237 (40), 105 (55), and 55 (100); 'H nmr & 0.87 (3H, t, J=7.2 Hz, H-18"), 2.31
(3H, s, N-CH,), 3.13 (3H, 5, OMe-6), 3.27 (6H, s, OMe-1 and -18), 3.53 (3H, s, OMe-16), 3.95 (1H, d,
J=6.9 Hz, H-6B), 4.88 (1H, d, J=5.0 Hz, H-14B), 5.33 2H, m, H-9" and 10", 7.42 (2H, t, J=7.2 Hz,
H-3',5"),7.51(1H,t,J=7.2 Hz, H-4'),and 8.06 2H, d,J=7.2 Hz, H-2', 6'); for *C-nmr data, see Table
2.

14-BENZOYLDELPHONINE-8-PALMITATE [ 10].—Delphinine (100 mg, 0.166 mmol) and palmitic acid
(200 mg, 0.78 mmol) were thoroughly mixed. The usual reaction and workup gave compound 10
(C,H,,NOy, 56 mg, 35.0%)as an oil, [a}’D 0°(¢=0.10);ir v max 1730, 1280, 1115, and 1093 cm ™ ; eims
m/z 765 IM—31Y" (5), 508 (21), 237 (35), and 43 (100); 'H nmr 8 0.87 3H, t, J=7.2 Hz, H-16"), 2.31
(3H, s, N-CH,), 3.13 (3H, 5, OMe-6), 3.26 (6H, s, OMe-1 and -18), 3.52 (3H, s, OMe-16), 3.95 (1H, d,
J=6.9 Hz, H-68),4.88 (1H, d, J=5.0 Hz, H-14PB), 7.42 2H, t, J=7.2 Hz, H-3', 5"), 7.54 (1H, t, J=7.2
Hz, H-4'), and 8.06 (2H, d, J=7.2 Hz, H-2', 6"); for ’C-nmr data, see Table 2.

14-BENZOYLDELPHONINE-8-STEARATE {11}.—Delphinine (100 mg, 0.166 mmol) and stearic acid
(200 mg, 0.7 mmol) were mixed thoroughly. The usual reaction and workup furnished compound 11
(C4H,,NO,,80 mg, 58.2%)asan oil, [a}’D +21.97°(c=0.40);ir vmax 1730, 1280, 1117,and 1095 cm ™ ";
eims m/z 793 [M—311" (0.2), 539 (2), 508 (18), 237 (25), 105 (54), and 43 (100); 'H nmr 8 0.87 (3H, t,
J=7.2Hz,H-18"),2.31 (3H, s, N-CH,), 3.15 (3H, 5, OMe-6), 3.27 (6H, s, OMe-1 and -18), 3.53 (3H, 5,
OMe-16), 3.95 (1H, d, J=6.9 Hz, H-68),4.88 (1H, d, J=5.0 Hz, H-14B), 7.42 (2H, t, J=7.2 Hz, H-3’,
5"), 7.54 (1H, t, J=7.2 Hz, H-4'), and 8.06 (2H, d, J=7.2 Hz, H-2’, 6"); for ’C-nmr data, see Table 2.

14-BENZOYLDELPHONINE-8-PROPIONATE [12}.—Delphinine (100 mg, 0.166 mmol) and propionic
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acid (0.3 ml) were mixed. The usual reaction and workup gave compound 12 (C,,H,,NO,, 67.3 mg, 65.9%)
as an amorphous solid, [a}’D +32.2°(¢=0.1); ir v max 1722, 1280,and 720 cm ™ '; eims m/z 582 [M—311"
(41), 568 (6), 540 (3), 508 (20), and 105 (100); 'H amr 8 0.62 3H, t, J=7.2 Hz, H-3"), 2.31 (3H, 5, N-
CH,), 3.12 3H, s, OMe-6), 3.26 (6H, s, OMe-1 and -18), 3.52 (3H, s, OMe-16), 3.95 (1H, d, J=6.9 Hz,
H-6B),4.89 (1H, d, J=5.0 Hz, H-14B), 7.42 2H, t,J=7.2 Hz, H-3',5'), 7.54 (1H, t, J=7.2 Hz, H-4"),
and 8.05 (2H, d, J=7.2 Hz, H-2', 6'); for *C-nmr data, see Table 2.

PYRODELPHININE {13}.—The known compound 13 (C,,H;,NO;, 13-14%) (14) was obtained as a
byptoduct in all the reactions of delphinine with fatty acids, mp 209-211°, {a}’D +156.46° (¢=0.46); ir
¥ max 3460, 1700, 1285, 1099, and 720 cm ™ ; eims m/z 539 IM1" (6), 524 [M—151" (4), 508 (43), 237
(58), and 105 (100); 'H nmr  2.39 (3H, s, N-CH,), 3.27 (3H, s, OMe-6), 3.30 (3H, 5, OMe-1), 3.31 (3H,
s, OMe-18), 3.40 (3H, s, OMe-16), 4.20 (1H, d, J=6.8 Hz, H-6B), 4.98 (1H, d,J=3.0 Hz, H-14B), 5.58
(1H,d,J=6.3 Hz, H-15), 7.42 (2H, t, J=7.2 Hz, H-3', 5"), 7.55 (1H, t, J=7.2 Hz, H-4'), and 8.06 (2H,
d,J=7.2 Hz, H-2', 6'); for >C-nmr data, see Table 2.

16-DEMETHOXY-15,16-DIDEHYDRO-14-BENZOYLDELPHONINE-8-PALMITATE [141.—Compound 14
(CsH,NOy, 19-21%) was an oil and was isolated from the reaction of delphinine with palmiticacid, {a}D
~3.15%(c=0.37); it v max 3430, 1723, 1278,1112,1092,and 710cm ™' eims m/z 733 [M— 311", (8), 476
(2),237(13), 105 (61), and 43 (100); 'H nmr 8 0.88 (3H, t,J=7.0 Hz, H-16"), 2.27 (3H, 5, N-CH,), 2.94
(1H, brs,H-17),3.14(3H,s,OMe-1),3.26 (3H, s, OMe-6), 3.29 (3H, s, OMe-18), 3.22 and 3.64 (1H each,
d,J=8.6Hz,H-18),4.10(1H,d,J=6.7 Hz, H-6),4.93 (1H,d,J=3.8 Hz, H-14B8),6.04(1H,dd,/=10.5
and 1.3 Hz, H-16), 6.53 (1H, d,J=10.5 Hz, H-15), 7.41 (2H, t, J=7.6 Hz, H-3',5'),7.55 (1H, t, J=7.2
Hz, H-4"), and 8.00 (2H, d, J=7.5 Hz, H-2', 6'); for ’C-nmr data, see Table 2.

N-DEMETHYL-N, 19-DIDEHYDRODELPHININE {15}.—Compound 15 (C, H,,NO,, 10-12%) was an
amorphous solid, ir v max 3390, 1725, 1280, 1100, 815, 652 cm ™ '; '"H nmr 8 1.25 (3H, s, -COMe), 2.72
(1H, m, H-9), 3.07 (3H, s, OMe-6), 3.19 (3H, s, OMe-1), 3.31 (3H, s, OMe-18), 3.55 (3H, s, OMe-16),
3.75 (1H, br s, H-17), 3.47 and 3.78 (each 1H, d, J=8.8 Hz, H-18), 3.92 (1H, d, J=7.0 Hz, H-6B), 4.94
(1H, d,J=4.8 Hz, H-14B), 7.34 (1H, br s, H-19), 7.43 (2H, 1, J=7.2 Hz, H-3',5"), 7.56 (1H, ¢, J=7.2
Hz, H-4'), and 8.06 (2H, d, J=7.2 Hz, H-2', 6); for °C nmr data, see Table 2.

1-ACETYL-8-DEACETYLDELPHISINE-8-LINOLEATE {16].—14-Acetyldelphisine (70 mg, 0.124 mmol)
and linoleic acid (140 mg, 0.5 mmol) were thoroughly mixed. The usual reaction and workup gave
compound 16 (C,H,,NO,, 50 mg, 51.4%) as an oil, [a}’D —6.83° (¢=0.25); ir v max 3432, 1740, and
1240 cm™'; eims m/z 725 [M-591" (4), 444 (49), 412 (7), and 43 (100); 'H nmr 3 0.88 (3H, t, J=7.0 Hz,
H-18"),1.08 (3H, t,J=7.0 Hz, N-CH,CH,), 2.03 (6H, s, OAc-1 and -14), 3.22 (3H, s, OMe-6), 3.27 (3H,
s, OMe-18), 3.30 (3H, s, OMe-16), 3.61 (1H, d, J=8.5 Hz, H-18), 4.02 (1H, d, J=6.5 Hz, H-6B), 4.73
(1H,d, J=4.8 Hz, H-14PB), 4.83 (1H, dd, J/=10.4 and 7.0 Hz, H-1B), and 5.34 (4H, m, H-9", 10", 12",
and 13"); for C-nmr data, see Table 1.

1-ACETYL-8-DEACETYL- 1 6-DEMETHOXY-15,16-DIDEHYDRODELPHISINE-8-LINOLEATE {17].—The com-
pound was an oil, ir v max 3436, 1735, and 1240 cm™'; eims m/z 693 [M—591" (16), 414 (16), 412, and
43 (100); 'H nmr 8 0.89 (3H, t,J=6.8 Hz, H-18"),1.05 (3H, t, J=7.1 Hz, N-CH,CH,), 2.00 (6H, 5, OAc-
1and-14),3.21(3H, s, OMe-6),3.29(3H, s, OMe-18),4.17 (1H,d, J=6.5 Hz, H-6B), 4.65 (1H, d, J=4.5
Hz, H-14B),4.82 (1H, dd, J=10.4 and 7.0 Hz, H-1B), 5.36 (4H, m, H-9", 10", 12", and 13"), 6.05 (1H,
dd, J=10.0 and 6.3 Hz, H-16), and 6.53 (1H, d, J=10.0 Hz, H-15); for ’C-nmr data, see Table 1.

FALCONERINE-8-PALMITATE [18].—8-Acetylfalconerine (30 mg, 0.044 mmol) and palmitic acid (60
mg, 0.234 mmol) were thoroughly mixed. The usual reaction and workup furnished compound 18
(C,,H,,NO,,,30mg,77.5%)asanoil, [a}*D +1 1.1°(c=0.32);ir v max 1728, 1600,1512,and 1270 cm ™ ;
eims m/z 613 [M—R’—OHI" (0.8), 598 (3), 582 (9), 432 (25), 266 (21), 165 (81), and 43 (100); 'H nmr
80.87(3H,t,J=6.8 Hz, H-16"),1.07 (3H, t,J=7.2 Hz, N-CH,CH,),2.12(1H,d, J=6.4 Hz, H-5), 2.42
(1H, m, H-13),2.78(1H, brs, H-17),3.03 (1H, s, H-7),3.16 (3H, s, OMe-1), 3.24 (3H, s, OMe-16), 3.29
(3H, s, OMe-6), 3.39 (3H, s, OMe-18), 3.43 and 3.61 (1H each, d, J=8.8 Hz, H-18), 3.79 (1H, m, H-38),
3.89 and 3.91 (each 3H, s, OMe-3' and -4'), 4.09 (1H, d, J=6.2 Hz, H-6B), 5.02 (1H, t, J=4.7 Hz, H-
14B), 6.87 (1H, d, J=8.5 Hz, H-5"), 7.62(1H,d, J=1.6 Hz, H-2"),and 7.69 (1H, dd, J=8.0 and 1.6 Hz,
H-6'); for >C-nmr data, see Table 1.

14-BENZOYLMESACONINE-8-PALMITATE [ 19].—Mesaconitine (30 mg, 0.047 mmol) and palmitic acid
(60 mg, 0.234 mmol) were thoroughly mixed. The usual reaction and workup gave compound 19
(C,H,,NO,,, 16 mg, 40.7%) as an oil, ir ¥ max 1730 and 1712 cm™'; eims m/z 554 [M—R>*—OH—OH]}
(14), 540 (34), 105 (100), and 43 (98); 'H nmr 8 0.88 (3H, t, J=6.7 Hz, H-16"), 2.34 3H, 5, N-CH,), 3.15
(3H, s, OMe-6), 3.28 (3H, s, OMe-1), 3.30 (3H, s, OMe-18), 3.75 (3H, s, OMe-16), 4.03 (1H, d, J=6.7
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Hz, H-6B), 4.45 (2H, m, H-15f and OH-15), 4.86 (1H, d, J=5.0 Hz, H-14B), 7.45 (2H, t, J=7.2 Hz,
H-3',5"),7.57 (1H,t,J=7.2 Hz, H-4"),and 8.03 2H, d,J=7.2 Hz, H-2', 6'); for ’C-nmr data, see Table
2.

8-DEACETYLPSEUDACONITINE-8-PALMITATE { 20].—Pseudaconitine (30 mg, 0.043 mmol) and palm-
itic acid (60 mg, 0.234 mmol) were thoroughly mixed. The usual reaction and workup gave compound 20
(C5oH,,NO,,, 14 mg, 36.4%)as an oil {a]*D +17.19° (¢=0.13); eims m/z 629 [M—R’—OHY" (3), 614 (3),
598 (11), 268 (38), 165 (92), and 43 (100); 'H nmr § 0.87 3H, t, J=6.8 Hz, H-16"), 1.08 3H, ¢, J=7.2
Hz, N-CH,CH,), 3.02 (1H, brs, H-17), 3.14 (3H, 5, OMe-6), 3.24 (3H, s, OMe-1), 3.29 (3H, s, OMe-18),
3.39(1H, m, H-16a), 3.52 (3H, s, OMe-16), 3.77 (1H, m, H-3B), 3.89 and 3.92 (3H each, s, OMe-3’ and
-4"),4.00(1H, d, J=6.2 Hz, H-6B), 4.84 (1H, d, J=5.0 Hz, H-14B), 6.87 (1H, d, J=8.4 Hz, H-5), 7.59
(1H,d,J=1.8 Hz, H-2"), and 7.69 (1H, dd, J=8.2 and 1.8 Hz, H-6'); for ’C-nmr data, see Table 1.
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