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Abetroot: Efficient methods for deoxygenation of secondary and tertiary 
alcohols of some CI -diterpenoid 
(12) wds converted 

alkaloids dre presented. Delphisine 
to 1-deoxydelphisine (19) via either 1,2- 

pyrodelphisine (17) or phenyl thionocarbonate 20. The following 
alkaloids were deoxygenated I&I their thiocarbonylimidarolyl derivd- 
tives: 14-acetyldelcosine (13) to 14-dcetyl-I-deoxydelcosine (22); 
alkaline hydrolysis of 22 gave 1-deoxydelcosine (23); aconitine 
(24) to 3-deoxyaconitine (27); yunaconitine (25) to crdssicdu- 
line A (28). Deoxygenation of 14-acetyldictyocarpine (38) 7%~ 
the chloro-derivative 31 gave I4-dcetyl-IO-deoxy-dictyocarpine (34). 
Reduction of 31 with LlAlH4 gave the unusual elimination product 32. 
An improved partial 
(24) is also presented. 

synthesis of hypaconitine (35) from aconitine 

DeOXygendtiOn is an important synthetic reaction in many areas of natural products chemistry, 

especially sugars and aninoglycoside antibiotics. I Surprisingly very little is known about the 

deoxygendtion of diterpenoid alkaloids, perhaps because of the complex nature of these canpounds. 

Because CIg-diterpenoid alkaloids are often highly oxygenated at various positions of the nucleus2 

methods for selective conversion of ROH to RH are essential for structure correlation anong these 

alkaloids. 

In 1958 Carmdck3 studied the conversion of deltaline (1) to delpheline (2) by the 

nucleophilic replacement of OH with chlorine followed by reductive dehalogendtion with LiAlH4. The 

disadvantage of this method is the nonselectivity which resulted in the hydrogenolysir of the ace- 

tdte function dt C-6. During a reinvestigation of the above conversion, we have observed that 

reduction of intermediate 3 gave an unusual elimination product (4) ds a minor side pro- 

duct.4 Product 4 was formed in d yield of 60% along with chloro conpound 5 (16%) when 

crude 3 was reduced with LiAlH44 (see Experimental). In a preliminary cmnication we de- 

scribed efficient methods for selective deoxygenation of tertiary and secondary dlcohols of sane 

CIg-diterpenoid dlkaloids.4 Thus, deltaline (1) wds deoxygendted in almost quantitative yield 

to IO-deoxydeltdline (6) by the reduction of the intermediate 3 with n-Bu3SnH. Re- 

action of deltanine (7) with CS2 and CH3I in NaOH solution gave the S-methyl dithiocdr- 

bondte 8 in good yield. Under similar conditions delpheline (2) gave the corresponding 

intermediate 9 in d yield of only 15%. However, 9 was prepared in high yield by the reac- 

tion of delpheline with NaH and a catalytic aount of imidazole followed by addition of CS2 and 

CH3I. Reduction of 8 and 9 with n-Bu3SnH 5 furnished the deoxy compounds 10 and 

11, respectively. The results are shown in Table 1. Herein we describe in detail several exam- 

ples of selective deoxygendtion of CIg-diterpenoid alkaloids. 

Deoxygenation of delphisine (12) and 14-acetyldelcosine (13): Our initial attempts to 

Prepare the thioacyl intermediate 14 frm delphisine according to the above mentioned proce- 

dures were unsuccessful. Thus, no reaction wds observed when 12 was treated with CS2 and CH3I 

in NaOH solution. On the other hand, use of NaH as a base resulted in the transesterlfication of 

the secondary acetate and partial hydrolysis of the tertiary acetate to give products such as 15 

and 16 in poor yields. In an alternative approach treatment of delphisine (12) with SOC12 

gave 1,2-pyrodelphisine (17) and the chloro derivative - 18. Canpound 17 was the only 
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product when the reaction was carried out on a smaller scale. Catalytic hydrogenation of 17 

afforded l-deoxydelphisine (19) in 80% yield. l-Oeoxydelphisine has not been described pre- 

viously and was characterlzed by physical and spectral data (see Experimental). The significant 

feature In the 13C Nf4R spectrun is that the signal at 73.1 ppm of delphlsine is replaced by the 

signal at 37.3 ppm (C-l) in 19. The C-2 also showed an upfield shift (A 8.6 ppm) as a result 

of removal of the hydroxyl group. 

Me 

Et- Et_ 

1 R1 =OAc; R2=OH 

2 R1 =OH; R2=H 

5 R1 = OH; R2 = CL 

6 R1 =OAc; R2=H 

7 R1 = R2 = OH 

8 R1 = OCSMd; R2 = OH 

9 R1 = OCSW~E); R2 = H 

10 R1 = H; R2 = OH 

11 R1 = R2 = H 

OMe 

12 R = OH 

14 R = OCStSHd 

18 R=CL 

Et- 

Me 

MeO’ 

13 R1 = OH: R2 = OAc 
i’ 

21 R1 = OCS- ; R2 = OAc 

Me 

MeO’ 

15 R1 = OAc; R2 = OCS(SidE) 

16 R1 = OH; R2 = ms(sME) 

22 R1 

)” 

= H; R2 = OAc 

23 R1 = H; R2 = OH 

The thiocarbonyl reagents. phenyl chlorothionocarbonate6 and F~'-thiocarbonyldlImida- 

zole (TCDI)7. have been reported for the preparion of thioacyl intermediates in high yields under 

mild acylation conditions. Reductive cleavage of the thioesters with n-Bu3SnH6 gives deoxy 

canpounds in excellent yield. In our hands these reagents have proven suitable for reduction of 

substrates bearing ester functions, such as delphisine. Thus, treatment of delphisine (12) 

with phenyl chlorothionocarbonate in the presence of 4-dimethylminopyridlne gave the thionocarbon- 

ate 20 in 80% yield. The thionocarbonate 20 was identified through Its 1~ and 13C NMR 

spectral data. The 13C NHR spectrull showed a low-field signal (87.7 ppn) for the carbon bearing 
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Table 1. Deoxygenation of Clg Diterpenoid Alkaloids 

Substrate Intermediate Yield (X)* Product Yield*(%) 

1' 3 98 6 90 

2 9 a4 11 78 

7 8 97 10 74 

12 17 63 19 80 

12 20 a0 19 97 

13 21 98 22 a7 

24 26 96 27 04 

25 28 a9 29 85 

30 31 97 32 60 

31 34 a4 

37 39 97 35 92 

*Isolated yield 

the thionosubstituent and a thioiarbonyl absorption at 193.4 ppn. Accordingly the 1~ NMR spectrum 

showed a downfield signal (6 5.36) for the proton attached to the carbon bearing the thiono substi- 

tuent. Reduction of 20 with n-Bu3SnH in refluxing benzene gave 1-deoxydelphisine 

(19) which was identical in all respects with the substance prepared by the catalytic hydro- 

genation of 17. 

Heating 14-acetyldelcosine (13) with 4-W-thiocarbonyldiimidazole (TCDI) in reflux- 

ing 1,2-dichloroethane gave the imidazolide 21 in 98% yield. This compound was characterized 

by the presence of the thiocarbonyl (183.1 ppm) and three imidazolyl protons ( 6 8.31. 7.62 and 

7.06) in the 13C and 1~ NHR spectra, respectively. Reduction of 21 with n-Bu3SnH af- 

forded 14-acetyl-1-deoxydelcosine (22) in 87% yield. Alkaline hydrolysis of 22 furnished 

1-deoxydelcosIne (23) in 92% yield. Alkaloids 22 and 23 are new and were characterized 

through spectral data (see Experimental). 

Deoxygenation of aconitine (24) and yunaconitine (25): Treatment of aconiti ne 

(24) with TCDI gave 3-o-(imidazolylthiocarbonyl)-aconitine (26) in 96% yield. Even 

though aconitine has secondary OH groups at C-3 and C-15, the ester was introduced only at C-3. 

This was apparent from the downfield shift of C-3 (All.3 ppm) and characteristic upfield shift of 

C-18 (A5.6 ppm) in the l3C NW spectrun of 26 when compared with that of aconitine. Reduction 

of 26 with n-Bu3SnH furnished 3-deoxyaconitine (27) in 84% yield. The synthetic 

alkaloid was identical with that of the natural substance in all respects (IR, 1~ and 13C NMR).*,g 

Application of an analogous deoxygenation sequence to yunaconitine (25) gave crassicauline A 

(28) via the intermediate 29. The synthetic and natural crassicauline A showed iden- 

tical m.p., IR, 1~ and 13C NMR data.lD.11 

Deoxygenation of 14-acetyldictyocarpine (30): We have reported an unusual elimination 

product 4 when the chloro-derivative 3 was reduced with LiAlH4.4 In order to confirm the 

consistency of this unique exanple, we have selected the congener alkaloid 30 for deoxygena- 

tion. Reaction of 30 with SOC12 produced 14-acetyl-lo-chloro-lo-dehydroxydictyocarpine 

(31). LiAlH4 reduction of 31 gave the elimination product 32 in 60% yield. Contrary 

to the previous example4 the diol 33, analogous to delpheline which was the major product, was 

not detected. The structure 32 for the elimination product was assigned by analogy with 

4.4 A possible mechanism of formation of 4 and 32 from 3 and 31, respectively, 

is as shown below. As expected, reductton of 31 with n-Bu3SnH gave 14-acetyl-lo-deoxy- 

dictyocarpine (34). 

Partial synthesis of hypaconitine (35) from aconitine (241: Several years ago Marion12 

reported the synthesis of hypaconltine (35) from aconitihe (24) in an overall yield of 7.7% 

by the reaction sequence outlined below: 
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Aconitine (24) aq. acetone 

KMnD4 

I -Desethylaconitine (36) MeDH-Et70 

22% CaCOSJHSI 

Mesaconltlne (37) 

94% 

soc12 

Hypaconitine (35) 

40.5% 

H,/PtO,/EtOH Anhydraesaconitine (38) 

91.5% 

The present synthesis involving a high-yield deoxygenation sequence, furnishes 35 in an 

overall yield of 49%. The y'eld of R-desethylaconltlne (36) was improved to 61% with 

alkaline KMnD4 instead of neutral KMn04 solution. Methylation of 36 with CH3I gave mesaconi- 

tine (37) in 90x yield. Reaction of 37 with TCDI gave 39 (97%). which upon reduction 

wfth n-f3ujSnH furnlshed hypaconitlne (35) in 92% yield. 

Me 

17 

Me 

O/Me 

A8 = CO / \ u- OMe - 
25 R-OH 

28 R-H 

29 R - ocs- 

Q" 

MeO' 

24 R’- OH; R'- Et 

28 R’- OCS- ; R’- Et 

27 R'= H; Rs- Et 

35 R’- H;R’- Me 

38 R'- OH: R'- H 

37 R'-OH;R'- Me 

- Me 

Et- 

30 R'- OH; R'- OAo 

33 R'- H; R'- OH 

34 R'- H;R'- OAc 
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3 R - OMe 

31 R - OAC 

4 

32 

R- OMO 

R - OH 

EXPERIHEN:AL 

General Experlmental Procedures: Melting points are corrected and were detenined on a Thomas- 
Rofler hot stage equlpped with a microscope and polarizer. Spectroscopic measureme ts were carried 
out on the fo lowing 

\ 
instrunents: IR: Perkln Elmer Model 1420 Spectrophotaneter; 1 H WR: JEOL FT 

Model FX-9OQ; % NHR: JEOL FT Model FX-909 at 22.49 MHz f?p ipdel FX-60 at 15.03 M4ir; MS: Finnegan 
Quadrupole 4023 Spectraneter. Centrifugal chranatography was carried out on a 'Chranatotron" 
Node1 7924T (Harrlson Research, Palo Alto, CA, U.S.A.) wl)th 1 mn adsorb nt thickness. All the 
substrates used in this study were isolated and carefully identified by f H and 13C NHR spectro- 
scopy. 

IO-Chloro-lo-dchydroxydeltallne (3): Deltaline (1) (238 mg) in 10 ml of dry benzene 
was sTirred with I.5 ml of freshly distilled SOC12 at roan temperature for 20 h. Benzene and ex- 
cess SOCl2 were evaporated in vuouo and the product was purified by centrifugal chraatogra- 
phy (basic Al2O3) to 

3 
ive 3 in 98% yield. H.p. 

m/z 525 (M++. C27H4Om7 5Cl) 
l,71-17l.C; Ia@ -40.7' (2 0.16, CHCl3); EIWS: 

and 527 (M+, C27H40N07~ Cl). 

lo-Deoxydeltaline (6): To a refluxing solution of 3 (79 mg) in 6 ml of dry benzene 

under N2 

moval of solvent Cn wuw and subsequent purification of the resulting residue by centrifugal 
chromatography 
m.p. 214-216'C; [$#c_6t\;zo~; 09;;; C$;lf':f&:(fjz i'4; 3; C~H',,N$)j4 (2'5 mg' ar)- ': 

Canpound 4 and 5: Compound 3 (62 mg) obtained from SOC12 reaction (without puri- 
fiCat~On1 was reduced with LiAlHq as detailed5above to yield 32 mg of 4 (60%) and 9 mg of 5 
(16%). 
C25"3BN06 

%lC~'~nd 1~~~-~g,7'c",,~~B~O~~~l)f4a1g 
-13.6' (4 0.35, CHCl3); EIWS: m/r 483 (H+, 

S-Meth 1-6-0-deltaminedithiocarbonate (8): 

n xture was added drLpwi?e 1" ml 
mq), T&-O 1 1 f cs and 0 4 

$f CH31. 

A mixtureI of deltamine (7io \;I): 
I t SK NaOH was stirred at O'C for 45 mln 

A"fte"r stirring for 2 h at O'C, the mlxture wis quenched 
with 20 ml of water and extracted with CHC13 (3 x 25 ml). Removal of CHC13 left a yellow residue, 
which upon purification by centrifugal chranatography (basic Al203) furnished 8 (116 mg, 97%). 
Amorphous; Calg -19.8' (~0.28, CHCl3); EMS: m/r 555 (M+, C27H41N07S2).4 

C-Deoxydeltamine (10): 
zene 

Reduction of 8 (94 mg) with n-Bu3SnH5 in refluxlng ben- 
IO: m.;rI;3_;75T; [;;#I Purification gave 10 (58 mg. 74%) and unreacted 8. (14 mg. 15%). 

-31.2' (~0.18, CHCl3); EMS: m/z 449 (M+, C25H3gN06),4 

under 
S-Nethyl-6-O-delphclinedithiocarbonate (9). Method A: 

the reaction conditions detailed for 7 gave 9 (6.2 mg, 
Delpheline (2) (39 mg) 

mg, 77%). 
13%) and unreacted 2 (30 
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l&blc 2. 14 ma (Cocl]) spectra of 17. 19. 20, 21. 22. 23. 26. 29. 33. 32. 34. 36 484 39 

Cuban 17 19 m 21 22 no 26 29 31 32 34 36 39 

1 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

II 

16 

16 

17 

la 

I[;; 

1’ 

6’ 

16’ 

18’ 

125.3b 

13O .Ib 

38.0 

39.5 

46.2 

83.4 

47.3 

86.2 

42.8 

41.4 

4a.9 

30.8 

3a.5 

75.4 

38.5 

82.8 

61.0 

79.4 

56.6 

u1.6 

12.9 

57.8 

56.5 

56.9 

3i 

i_- 
37.3 89.3 (7.7 35.0 35.6 p.0 62.1 78.4 76.9 82.0 al.6 82.0 

2U.9 26.4 26.0 20.5 21.2 30.5 30.6 27.0 21.8 26.7 34.9 30.6 

31.4 34.0 32.1 31.6 32.1 61.3 61.2 36.3 30.8 36.5 71.0 81.6 

39.2 39.0 38.2 39.1 36.6 42.9 43.3 33.8 35.6 33.7 43.a 43.4 

4a.9 49.8 m.1 45.9 46.1 45.7 44.6 52.2 18.1 55.5 51.4 45.3 

84.0 63.2 90.0 50.9 91.3 83.4 83.2 711.4 71.6 7a.l a3.4 a3.4 

4a.6 49.4 88.6 88.2 89.0 46.3 45.0 91.2 87.6 91.6 43.6 44.4 

85.1 85.4 77.2 7a.l 78.0 91.6 85.2 83.4 63.5 62.9 91.6 91.6 

44.8 44.4 45.0 48.9 49.4 44.4 48.8 51.6 42.2 47.6 47.3 44.6 

43.6 43.7 42.7 42.9 46.5 40.3 40.3 al.5 131.5b 39.3 41.0 40.6 

46.6 49.0 48.5 45.9 46.7 49.6 49.8 57.4 136.lb M.2 49.4 49.8 

30.4 29.4 2a.2 30.1 29.3 36.2 35.5 36.3 29.5 27.4 34.9 36.2 

3a.s 3a.3 37.3 38.1 39.3 74 .o 74 .a 41.3 36.9 37.8 74.1 74.1 

75.5 c 75.2 76.2 76 .O 78.7 78.4 74.2 76.2 75.5 78.9 78.8 

38.1 37.6 33.9 33.9 35.2 78.7 39.2 34.7 30.5 34.0 78.9 78.8 

83.1 82.8 82.9 63.2 82.9 90.1 a3.7 al.2 al.3 al.2 89.9 90.3 

63.6 61.3 65.5 66.9 67.9 66.9 61.3 64.1 69.6 64.2 55.7 62 .O 

60.4 79.9 77.7 78.4 78.6 71.6 71.a 26.3 30.3 25.3 77.0 71.3 

53.6 53.9 53.0 53.4 53.9 47.8 48.2 56.5 54.1 56.6 40.7 SO.6 

4a.9 4a.9 51.2 50.8 51.3 4a.a 49.3 SO.1 63.7 50.0 - - 
13.4 13.4 14.3 14.0 14.4 13.2 13.3 13.7 12.8 13.8 - 42.3 

_ _ _ _ _ 56.2 56.2 65.4 55.3 55.2 55.7 56.6 

57.8 %.2 57.6 57.1 57.1 58.2 58.7 - - - 57.6 58.2 

M.5 56.5 56.3 56.0 56.9 60.6 %.O 56.0 56.6 M.0 61.0 60.9 

59.0 59.1 59.1 59.0 %.a 58.7 58.7 - - - 59.1 56.8 

_ _ _ _ _ _ _ 93.8 90.1 93.3 - - 
170.6 170.8 171.4 171.3 - 172.2 169.7 171.1 - 171.4 171.9 172.3 

22.3 22.4 21.3 21.3 - 21.2 21.5 21.5 - 21.5 21.3 21.3 

169.4 169.5 - - - - - 169.9 - 170.0 - - 
21.1 21.2 - - - - - 21.2 - 21.3 - - 

165.9 166.0 - - - 165.9 166.1 

129.8 122.6 - - - 129.9 129.9 

129.5 131.6 - - - 129.5 129.7 

128.5 113.8 - - - 128.6 128.6 

133.1 163.5 - - - 133.1 133.3 

(X-H) 55.4 - - - (X-H) (X4 

13C M shifts far R of 20: 193.5 (CS). 153.3 (C-l’). 122.1 (C-2. ad C-6’). 129.5 (C-3’ ud 
C-5.) ad 126.5 [C-4’). 

13C YR shifts for II of 21: 
13C m shlft$ for 91 df 26: 
1% *R shifts for 1L of 29: 
14 111 sh!fts for rd Of 39: 
. In $09. 
b Asstpnrmtr In my wrtlcal calm my k crchm9ed. 
c Obscurd by solrmt sf9"rl. 
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