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ABSTRACT.—The first total synthesis of curassanecine {1}, a new bicyclic alkaloid recently
isolated from Heliotropium curassavicum, was realized in three steps from N-acetylpyrrolidine in
48% overall yield. Pulsed methods in 2D liquid phase nmr, in particular heteronuclear multiple
bond correlation (HMBC) and correlation with a compound the structure of which was deter-
mined by X-ray crystallography, were used to confirm without ambiguity the structure and rel-
ative stereochemistry of this alkaloid.

The chemistry of the pyrrolizidine alkaloids is of considerable interest because of
their wide range of physiological properties (1-4) and their wide distribution in nature.

Following our recently described five-step synthesis of isoretronecanol (Senecio al-
kaloid) using a strategy based on the intramolecular photoreduction of an a-ketoester
(5), we now describe the first total synthesis of curassanecine {1} and of its diastereo-
isomer 2 using a similar approach. Curassanecine {1] is a saturated amino alcohol pyr-
rolizidine alkaloid, recently isolated from Heliotropium curassavicum, a glaucous fleshy
herb found in south west North America, in India, in Australia, and in Europe (6). This
molecule is the first alkaloid in the series with a quaternary carbon atom at C-1 (num-
bering of pyrrolizidine alkaloids was used in this paper for nitrogen bicyclic com-
pounds) that bears a tertiary alcohol functional group. The difficulties in establishing
the stereochemistry of such alcohols are well known (7), and Mohanraj et 2/. (6)
suggested its stereochemistry by comparison of its "’C chemical shifts with those of
other necine bases that have no tertiary alcohol functional group (8). Thus, as stated by
Robins in a recent review, “confirmation of this structure by synthesis would be desir-
able (9).” Therefore, we undertook the synthesis of both diasteroisomers of curas-
sanecine in order to assign stereochemistry without ambiguity. We took advantage of
the easy synthesis of diastereoisomers 4a and 4b which constitute close precursors of
curassanecine {1] and of its isomer 2. Moreover, the separation and the determination
of the stereochemistry could be done.

The photocyclization of a-keto ester 3 (medium pressure mercury lamp, Pyrex),
obtained by condensation of methyl oxalate on the anion of N-acetylpyrrolidine, led to
the mixture of hydroxy esters 4a and 4b in 70% yield (5) (Scheme 1). Separation by
flash chromatography afforded 4a and 4b as pure products ina 1 to 1 ratio.
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The direct determination of the stereochemistry of hydroxy esters 4 was not possi-
ble by solvent effect experiments in 'H nmr (10, 1 1) due to the presence of several func-
tional groups in the molecule.

However, the synthesis of diastereoisomeric alcohols 5a and 5b, which present a
structural analogy with 4a and 4b, was recently described (12). Their stereochemistry
was established by using solvent effect experiments in ‘H nmr. Using the pair of sol-
vents CDCl; and pyridine, these effects are negative and are larger when the hydroxyl
group is closer to the observed proton (10).

th!‘I OH t'?.'l Ph

The solvent effects induced by the tertiary alcohol on the bridgehead position were
0 ppm for 5a (H and OH in trans position) and —0. 14 ppm for 5b (H and OH in cis
position).

In order to confirm the stereochemistry, which was assigned on the basis of the sol-
vent effects in 'H nmr, the crystal structure of b was determined by X-ray crystallog-
raphy and was in agreement with the nmr results. Table 1 gives the atomic coordinates
and Table 2 the bond lengths and interbond angle.' The X-ray structure is shown in
Figure 1.

Attempted transformations of 5 into 4, using ozonolysis on Si gel (13) or RuQ oxi-
dation (14, 15), were unsuccessful. Nevertheless, heteronuclear multiple bond correla-
tion (HMBC) (16) demonstrated a correlation between 4a and 5a on one hand and 4b
and 5b on the other.

!Atomic coordinates for this structure have been deposited at the Cambridge Crystallographic Data
Centre, and can be obtained on request from Dr. Olga Kennard, University Chemical Laboratory,
Lensfield Road, Cambridge CB2 1EW, UK.
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TABLE 1. Atomic coordinates of 5b.

Atom x y z U
N-1 . ........ 2820 (1) 5448 (3) 5843 (2) 34 (1)
C-2 ... 3345 (1) 6683 (4) 6176 (3) 36 (2)
02 . ........ 3310 (1) 8531 (3) 6148 (3) 55 (2)
C3 ... 3965 (1) 5415 (4) 6566 (3) 38 (2)
c4 ... ... 3808 (1) 3353 (3) 5830 (3) 32 (2)
o4 . ........ 4093 (1) 1861 (3) 6820 (2) 45 (1)
C5 ... 3004 (1) 3329 (3) 5857 (3) 33 (D)
c6 ......... 2564 (1) 2467 (4) 4539 (4) 50 (2)
C-7 ... 1967 (3) 3878 (6) 4402 (6) 98 (5)
c8 ......... 2177 (1) 5863 (4) 5012 (3) 47 (2)
C41 . ... ... .. 4083 (1) 3188 (3) 4175 (3) 35 (2)
C42 . ... .. ... 4359 (1) 1390 (4) 3645 (3) 42 (2)
c43 . . .. ... 4573 (2) 1204 (5) 2118 (4) 54 (2)
C44 . ... ... .. 4505 (2) 2771 (6) 1088 (4) 58 (3)
C45 ... ... ... 4241 (2) 4564 (5) 1613 (4) 58 (3)
C46 . . . ... ... 4037 (2) 4785 (4) 3134 (3) 49 (2)

The absence of protons linked to C-1 in 4a, 4b and 5a, 5b precluded comparison
of interproton couplings between the series. /., in *CCH fragments depend on the
angle between the C-4 bond and the orientation of orbitals on the starred carbons (17).
In rigid systems, it is therefore possible to link J;; couplings with substituent orien-
tation. *Jyy may be directly detected on proton-coupled carbon spectra (but this is
complicated by the multiplication of long range couplings) or by using selective J-re-
solved experiments (18). For the sake of sensitivity, HMBC experiments (16) were cho-
sen and run on compounds 4 and 5. The most striking difference between 4a and 4b is

TABLE 2. Bond distances (A) and angles (°) for 5b.

N-1-C-2 . ... ... .. 1.338 (3) C5=C-6 . ........ 1.523 4)
N-1-C-5 . ... ...... 1.458 (3) C-6C7 . ........ 1.495 (5)
N-1-C-8 . . . . ...... 1.457 (3) C7-C-8 . . ....... 1.480 (5)
C2-02 ... ....... 1.235 (3) C-41-C-42 . . ... ... 1.392 (3)
C-2-C-3 . ......... 1.505 (3) C41-C46 . . ... ... 1.394 (4)
C3-C4 .. ........ 1.542 (3) C-42-C-43 . . ... ... 1.387 (4)
C-4-0-4 . . . .. ..... 1.417 (3) C-43-C-44 . . ... .. 1.375 (5)
C4-C-5 . ... ...... 1.561 (3) C-44-C45 . ... .. .. 1.379 (5)
C-4-C41 . ........ 1.528 (3) C-45-C-46 . . . . . ... 1.378 (4)
C-2-N-1-C-5 . . . . . ... 114.2 (2) N-1-C-5-C4 . . .. ... 103.5 (2)
C-2-N-1-C8 . . . ... .. 129.3 (2) N-1-C-5-C-6 . . . . ... 103.0 (2)
C-5-N-1-C-8 . . . . .... 113.3 (2) C-4-C-5-C-6 . . . .... 123.0 (2)
N-1-C-2-0-2 . . .. ... 124.7 (2) C-5-C-6C-7 ... .... 104.3 (3)
N-1-C-2-C-3 . . . . . ... 107.8 (2) C-6-C-7-C-8 . ..... - 109.1 (3)
02-C2-C3 . ....... 127.6 (2) N-1-C-8-C-7 . . . . ... 103.5 (3)
C-2-C3-C4 . .. ..... 104.9 (2) C-4-C-41-C-42 . . . . .. 120.4 (2)
C3C4-04........ 107.9 (2) C-4-C-41-C-46 . . . . .. 121.4 (2)
C-3-C4-C-5 . . .. .... 101.2 (2) C-42-C-41-C-46 . . . . . 118.1 (2)
C3-C4-C41 . . ..... 112.1 2) C-41-C-42-C-43 . . . . . 120.5 (2)
0-4-C-4-C-5 . . . . . ... 111.4 (2) C-42-C-43-C-44 . . . . . 120.8 (3)
0-4C-4-C-41 . ... ... 111.8 (2) C-43-C-44-C-45 . . ... 118.8 (3)
C-5-C-4-C41 . . ..... 111.9 (2) C-44-C-45-C-46 . . . . . 121.0 (3)
C-404HO4. ... ... 110.3 (29) C-41-C-46-C-45 . . . .. 120.7 (3)
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FIGURE 1. X-ray structure of 5b.

found on the couplings between CH,-2 and C-1: in 4b the two protons of the
methylene couple to C-1, while in 4a only the upfield proton couples to C-1.

In the 5a, Sb pair, the same phenomenon is observed: two couplings between CH ,-
2 and C-1 in 5b and only one in 5a. Compound 5b is therefore assigned the configura-
tion of 4b. Surprisingly, *Jc;; couplings which are Karplus dependent (18) were of no
use in this determination.

Other similarities were observed in high field "H nmr: the proton in the C-8 posi-
tion appeared as a triplet in 4@ and 5a( J = 7 Hz) and as a doublet of doublets in 4b and
5b (J,=6.5 Hz, J, =9 Hz); the methylene group in the C-2 position appeared as AB
spectra in 4 and 5, but the nonequivalence is much higher for 4aand 5a (Av = 240 Hz
at 300 MHz) than for 4b and 5b (Av = 60 Hz at 300 MHz).

Reduction (LiAlH,, THF) of the carbonyl groups of ester and lactam functions in
4a and 4b afforded alcohols 1 and 2, respectively, in 80% yield each. 'H-nmrand '*C-
nmr spectraof 1, which is obtained from 4a, were identical to those described in the lit-
erature by Mohanraj and Herz (8) for curassanecine (Table 3). Consequently, the struc-
ture and stereochemistry of curassanecine are those of compound 1.

TABLE 3. Proton and Carbon Chemical Shifts in CsDsN.

Proton Compound Carbon Compound
Curassanecine® 1 Curassanecine® 1 2

H-2 .. .| 2.30,2.22 2.20,2.30 ||c-1. ... 80.32 80.17 | 82.53
H3 ... 3.35 3.00 3.45,3.00 |[C2. ... 39.15 38.92 | 33.29
H-5 . .. 3.11, 2.78 3.15, 2.80 C3.... 55.66 55.46 | 64.10
H6 ... 179 1.78 cs. ... 53.29 53.17 | 64.00
H-7 .. .| 239 2.03 2.39,1.98 ||C-6. ... 25.42 25.11 | 25.10
H-8 ... 4.19 4.05 C7. ... 27.84 27.71 | 28.53

C8. ... 70.80 70.89 | 70.91
H9 . .. 3.98 3.98 c9. ... 68.38 67.77 | 65.63

*Values in this column are from Mohanraj and Herz (8).
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Examination of Table 3 shows a similarity concerning 'H-nmr as well as '’C-nmr
chemical shifts; moreover, '"H-and "*C-nmt spectra of the isomer 2 are quite different,
thus confirming the structural assignment of 1.

In conclusion, we achieved the first total synthesis of (+/—) curassanecine, in three
steps, from N-acetylpyrrolidine, in a 48% overall yield. The structure and relative
stereochemistry of this alkaloid and of its diastereoisomer are thus determined without
ambiguity.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—'H-nmr and '’C-nmr spectra were determined in
CDCl; and C;D;5N solution with TMS as internal standard using JEOL C 60H, JEOL FX 60 and
BRUKER MSL 300 spectrometers. HMBC experiments were run on a BRUKER AC 300 modified for re-
verse detection. 90° 'H pulses (decoupler) were 18.5 psec, 90° "°C pulses were 5.6 psec; delays for evolu-
tion of long range couplings were 60 msec. Experiments consisted of 256 X 2K experiments, FIDs were
multiplied by a squared sine bell with a 60° shift in both directions, and spectra were presented in the
power mode.

Ir spectra were recorded on a Perkin-Elmer 377 spectrometer, Mass spectra were recorded on a Varian
CHj, spectrometer. Analytical chromatography was performed on Merck Si gel plates with fluorescent ir-
radiation and were developed by I, vapor exposure or uv irradiation. Flash chromatography was conducted
with Merck 4063 pm Si gel. Reagent grade THF was distilled from sodium benzophenone prior to use.
Other anhydrous solvents were distilled from CaH, and stored over 4A molecular sieves until use. Irradia-
tion was performed in a Pyrex glass vessel using a medium pressure mercury lamp (Philips 400 W). The
reaction mixture was flushed with a stream of dry N, to remove O,.

2-0X0-4-HYDROXY-4-CARBOMETHOXY- 1-AZABICYCLO {3.3.0} OCTANE [4a, 4b}.—A solution
of 3 (1 g, 10 mmol) in +BuOH (200 ml) was irradiated under N, for 48 h. Solvent was distilled
thoroughly, and purification by flash chromatography afforded 4a and 4b. Compound 4a (0.44 g, 44%):
ir v(CCly) 3540, 1740, 1710 em” L H nmr 8 (CDCl;) 1.70 (m, 1H), 2.1(m, 3H), 3.0 (m, 1H), 3.6(m,
1H), 2.9 (AX spectra, J ox = 16 Hz, Av 224 Hz), 3.85 G5, 3H), 4.25 (¢, 1H, J = 7 Hz); "*C nmr 3 (CDCl;)
21.1(C-6), 25.0(C-7), 40.2(C-2), 46.1(C-5), 51.45 (C-10), 66.7 (C-8), 75.7 (C-1), 170.1(C-9), 171.7
(C-3); exact mass caled for CoH3NOy, 199.0845, found [M1" 199.0846. Compound 4b (0.48 g, 48%):
it v (CCly) 3540, 1740, 1710 cm™'; 'H nmr 8 (CDCl;) 1.35 (m, 1H), 1.9 (m, 2H), 2.9 (AB spectra,
Jap= 16 Hz, Av 224 Hz), 3.1 (m, 1H), 3.6 (m, 1H), 3.8 (s, 3H), 4.05 (dd, J, = 10 Hz, J, = 6.5 Ha);
¥Cnme (CDCl;) 24.1(C-6, C-7), 39.9 (C-2), 44.2 (C-5), 50.6 (C-10), 69.1 (C-8), 76.6 (C-1), 170.2
(C-9), 171.3 (C-3); exact mass caled for CoH3NOy, 199.0845, found M}t 199.0846.

REDUCTION OF 4a AND 4b.—To a solution of 4a (0.2 g, 1 mmol) in anhydrous THF (17 ml) was
added LiAlH, (0.15 g, 3.9 mmol), and the system was heated under reflux for 18 h. Then H,0 (0.16 ml),
15% aqueous NaOH (0. 16 ml), and H,O (0. 16 ml) were successively added. Evaporation of volatiles lefra
residue, which was leached with Et,O, and the resulting solution was dried (MgSO,). Evaporation and
purification on alumina gave (*)-curassanecine {11 (0.11 g, 72%) as a yellow oil: ir v (CCl,) 3700, 3400
¢m™Y; H nmr 8 (CsDsN) 1.8 (m, 2H, H-6), 2.0 (m, 1H, H-7), 2.2-2.4 (m, 3H, H-2 and H-7), 2.9 (m,
1H, H-5B), 3.0 (m, 1H, H-3B), 3.1 (m, 1H, H-5a), 3.39 (t, ] =8 Hz, 1H, H-3a), 4.0 (s, 2H, H-9),
5.4 (broad s, 1H, OH); '*C nmr 8 (CsDsN) 25.11(C-6), 27.71 (C-7), 38.92 (C-2), 53.17 (C-5), 55.46
(C-3), 67.77(C-9), 70.89 (C-8), 80.17 (C-1).

According to the previous procedure, reduction of 4b (0.2 g, 1 mmol) gave 2(0.05 g, 30%) as a yel-
low oil: ir v(CCly) 3700, 3400, cm™ ' "Hnmr 8 (CsDsN) 1.8 (m, 2H), 2.0 (m, 1H), 2.2 (m, 3H), 2.4—
2.6(m, 1H), 2.8+3.2 (m, 2H), 3.8—4.4 (m, 3H), 5.4 (broad s, 1H, OH); 3¢ nmr & (C;DsN) 25.10 (C-
6), 28.53 (C-7), 33.29 (C-2), 64.20 (C-5 or C-3), 64.42 (C-3 or C-5), 65.63 (C-9), 70.98 (C-8), 82.53
(C-1).

CRYSTAL STRUCTURE OF 5b.—Monoclinic P2,/n; Z=4; 4= 19.394 (10), 6= 6.671(3),c=8.592
(5)A;6=90.67 (8); V=1112 A*; n (CuKa)=6.2cm™ '; d, = 1.3 151<<24, |£1<8, I/i<11. Three stan-
dards every 3 h; no decay; scan speed 0.0375° sec™ ! scan width 2.3° 4002 measured, 2006 unique reflex-
ions, 1674 used [(1>30(!), o from counting statistics}. Direct methods (19), full-matrix least-squares
(20). H-atoms refined (U, fixed equal to that of holder), C,N,O anisotropic. Final R=5.8%
(R, =7.6%), with w=[a2(F) + 0.002F’} " ".

ACKNOWLEDGMENTS

The authors are grateful to Dr. G. Massiot for 2D high field nmr measurements and to Dr. C. Pascard
for her interest throughout this work.



Jul-Aug 1991} Gramaineta/.: Pyrrolizidine Alkaloid 1067

—

——

,_.
N

13.
14.
15.
16.
17.

18.
19.

20.

A R A ol

LITERATURE CITED

F.L. Warren, in: “The Alkaloids Chemistry and Physiology.” Ed. by R.H.F. Manske, Academic
Press, New York, 1970, Vol. 17, p. 319.

E.X. McLean, Pharmacol. Rev., 22, 429 (1970).

D.J. Robins, Nar. Prod. Rep., 6, 577 (1989).

M. Ikeda, T. Sato, and M. Ishibashi, Hererocycles, 27, 1465 (1988).

J-C. Gramain, R. Remuson, and D. Vallée-Goyet, J. Org. Chem., 50, 710 (1985).

S. Mohanraj, P. Subramanian, and W. Herz, Phytochemistry, 21, 1775 (1982).

H.B. Kagan, “Stereochemistry,” vol. 3, Georg Thieme Verlag, Stuttgare, 1977.

S. Mohanraj and W. Herz, J. Nat. Prod., 45, 328 (1982).

D.J. Robins, Nat. Prod. Rep., 217 (1985).

J-C. Gramain, H-P. Husson, and P. Potier, Ball. Soc. Chim. Fr., 3585 (1969).

P.V. Demarco, E. Farkas, D. Doddrell, B.L. Mylari, and E. Wenkert, J. Am. Chem. Soc., 90, 5480
(1968).

L. Diafi, C. Rubat, P. Couderr, P. Bastide, N. Margoum, and P. Tronche, Exr. J. Med. Chem., 26,
231(1991).

H. Klein and A. Steinmetz, Tetrabedron Lett., 4249 (1975).

P.H.J. Carlsen, T. Katsuki, V.S. Martin, and K.B. Sharpless, J. Org. Chem., 46, 3936 (1981).
A.K. Chakraborti and U.R. Ghatak, J. Chem. Soc., Perkin Trans. 1, 2605 (1985).

A. Bax and M.F. Summers, J. Am. Chem. Soc., 108, 2093 (1986).

J.L. Marshall, “Carbon-Carbon and Carbon-Proton NMR Couplings: Applications to Otganic
Stereochemistry and Conformational Analysis,” Verlag Chemie International, 1983.

M.J. Gidley and S.M. Bociek, J. Chem. Soc., Chem. Commun., 220 (1985).

G.M. Sheldrick, “SHELX 86, Program for Crystal Structure Resolution,” University of Gottingen,
Federal Republic of Germany, 1986.

G.M. Sheldrick, “SHELX 76, Program of Crystal Structure Determination,” University of Cam-
b;idge, United Kingdom, 1976.

Received 21 January 1991



