
pressure. The amorphous residue (223 mg) was chromatographed 
on alumina (7 g) to give three main fractions. 

(a) Elution with benzene yielded 62.6 mg (28x)  of the starting 
exo-olefin 42c, melting at 145-147". 

(b) The fractions (69 mg) eluted with benzene-chloroform (19: 1) 
were rechromatographed on alumina (8 g), and the fractions eluted 
with the same solvent gave 23.3 mg (9 ,8x ,  1 4 x  based upon the 
consumed olefin 42c) of crude crystals, mp 160-180". The crude 
crystals and the mother liquors were separately purified by using 
preparative thin layer chromatography (silica gel G, benzene-ethyl 
acetate-ethanol, 20:80:0.5) to remove a small amount of polar 
by-products. Crystals obtained from less polar fractions (total 
10.5 mg) were repeatedly recrystallized from acetone-ether to 
afford 3.9 mg of (f)-N-acetyl-16,17-imino-Sci,12ci-ethano-13-methyl- 
ene-5~,9~,l0a-podocarpan-l4~-ol (46), mp 198-199", 203 ', vmsx 
3604,1625, 1046, and 906 cm-l. 

Anal. Calcd for C22H33N02: C, 76.92; H, 9.68. Found: 
C, 76.67; H, 9.62. 

This sample showed an infrared spectrum and a thin layer chro- 
matogram indistinguishable from those of the optically active 
specimens5 of 46. 

(c) The fractions eluted with benzene-chloroform (9 : 1 to 4 : 1) 
on crystallization from acetone-ether gave crude crystals (16.5 
mg, 6.9%, 10% based upon the consumed olefin 42c) of (j=)-N- 
acetyl-16,17-imino-Sci,12a-ethano-13-methylene-5~,9~,lOa-podocar- 
pan-14a-01 (47), which were recrystallized from the same solvent 
to give 1.5 mg of a pure sample melting at 198-200", and the 
second crop (6.0 mg), 192-195", vmax 3611, 1627, 1042, and 907 
cm-l. 

Anal. Calcd for C22H33N02: C, 76.92; H, 9.68; N, 4.08. 
Found: 

This sample showed an infrared spectrum and a thin layer chro- 
matogram (silica gel G, ethyl acetate-benzene, 2: 1) completely 
identical with those of the naturally derived specimenss of 47. 

C, 76.47; H,9.88; N, 4.45. 
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(f)-N-Acetyl-16,17-io-l3-methylene-S~,l2ci-e~ano-5~,9~,- 
lOci-podocarpan-14-one (48). The first mother liquors obtained 
from the fractions in c were combined (14 mg) and were dissolved 
in 0.9 ml of dry pyridine and treated with 48 mg of chromic anhy- 
dride and 0.5 ml of pyridine. The mixture was allowed to stand 
at room temperature overnight, poured into ice-water, and extracted 
with ether. The ether solution was washed successively with water, 
ice-cold 2 N hydrochloric acid, and water, and dried, and the ether 
was removed under reduced pressure. The residue (11 mg) was 
chromatographed on alumina (1 g). Fractions eluted with ben- 
zene-ether (9 : 1 to 4 : 1) on recrystallization from acetone-ether 
gave enone 48 (1.6 mg), mp 154-165". In another run, the crude 
crystals of 47 (12 mg, one portion of the second crop and the resid- 
ual crystals described above) were oxidized in the same way described 
above. An ethereal solution of the residue (9 mg) in petroleum 
ether-benzene (1 :1) was filtered through alumina (200 mg). The 
eluates (4 mg) were recrystallized to afford 1.5 mg of enone 48, 
mp 156-160". Further recrystallization gave a pure sample, mp 
160-168". vmax 1703, 1628, and 942 cm-1, A,, 208 mu (E 13.100). . .  . . . .. 
232 mfi (shoulder). 

Anal. Calcd for C 2 H I l N 2 0 :  C. 77.37: H. 9.15. Found: 
, I  _ _  .. . 

C, 77.20; H, 9.45. 
This sample showed an infrared spectrum, an ultraviolet spec- 

trum, and a thin layer chromatogram completely identical with 
those of the optically active specimens6 of 48. 
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Abstract: The total synthesis of veatchine and garryine in a racemic form is described. The  synthesis is started 
from the pentacyclic compound 4, the  same intermediate for the synthesis of atisine. The major  problem treated in  
the present work is to convert the  C-D bridged ring system of  the  phyllocladene type in 4 into the opposite bridge 
configuration of the kaurene type in  13. For this conversion two routes involving the Wagner-Meerwein type 
rearrangement are established. Introduction of the allyl alcohol function into the D ring is carried out  in the same 
manner as  employed in the atisine synthesis. The final compound of the present synthesis is dl-dihydroveatchine 
(24c). The transformation of 24c to garryine and  further to veatchine by a few-steps synthesis is already recorded in 
the natural series. 

he alkaloids veatchine 1 and garryine 2 isolated T from Garrya ueatchii Kellogg, together with atisine, 
are found to be the first representatives of a new class 
of diterpene alkaloids. The structure and the stereo- 
chemistry including the absolute configuration have 
been clarified as depicted in formulas 1 and 2."6 As 

(1) Studies on Total Syntheses ofDiterpenes and Diterpene Alkaloids. 
11. 

(2) For a preliminary communication on this work, see W. Nagata, M. 
Narisada, T. Wakabayashi, and T. Sugasawa, J .  Am. Chem. Soc., 86, 
929 (1964). An outline of this work was also presented at the 3rd Inter- 
national Symposium on the Chemistry of Natural Products, Kyoto, 
Japan, April 1964. 

(3) K. Wiesner, J. R. Armstrong, F. M. Bartlett, and J. A. Edwards, 
Chem. Ind. (London), 132 (1954); J.  Am. Chem. Sac., 76, 6068 (1954). 

(4) For reviews see: (a) S. W. Pelletier, Experienria, 20, 1 (1964); 
(b) S. W. Pelletier, Tetrahedron, 14, 76 (1961); (c) K. Wiesner and Z. 
Valenta, "Progress in the Chemistry of Organic Natural Products," Vol. 

the configurational elucidation was advanced, many 
synthetic organic chemists started to challenge the 

1 2 

XVI, Springer-Verlag, Vienna 1958, p 26; (d) E. S. Stern in "The Alka- 
loids," Vol. VII, R. H. F. Manske, Ed., AcademicPressInc., New York, 
N. Y. ,  1960, p 473; (e) H. G. Boit, "Ergebnisse der Alakloid-Chemie bis 
1960," Academie-Verlag, Berlin, 1961, p 851. 

( 5 )  H. Vorbruggen and C. Djerassi, J .  Am. Chem. Soc., 84, 2990 
(1962). 
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total synthesis of the alkaloids. Thus, a number of 
pioneering workse13 approaching this objective have 
been published before or after our success. 

In the preceding paper we reported the first total 
synthesis of atisine.14 In continuation of the work, 
synthesis of veatchine and garryine was undertaken, 
and the successful result was already published in a 
form of a communication in 1964.2 In the present 
paper, we describe a full account of this work. Almost 
at the same time, Masamunel5 and a little later Va- 
lenta, et aZ.,16 also announced total syntheses of the 
same alkaloids based upon different building prin- 
ciples. 

The pentacyclic compound 417 was selected as a 
suitable starting material, because it already involves 
a bicyclo[3.2. lloctane ring system, though of phyllo- 
cladene type, in the molecule. As described in the 
preceding paper l 4  the compound was prepared from the 
tricyclic conjugated ketone 3 through 16 steps in a 
highly stereoselective manner. With this compound 
4, the only remaining major problem was to convert 
its C-D bridged system of the phyllocladene type into 
that of the kaurene type, an opposite bridge con- 
figuration. It did not appear difficult to solve the 
matter, since this type of conversion was already 
known in gibberelline chemistry, as exemplified by a con- 
version in which allogibberic acid (5), a phyllocladene- 
type bridged system, was rearranged to gibberic acid 
(a), a kaurene type, by treatment with hydrochloric 

0 
3 

CHI 
4 

-OH &CH3 -0 

5 6 

acid.18 The work was, therefore, initiated so as to 

H& COOH bH+ H3C COOH 

(6) J. W. ApSimon and 0. E. Edwards, Can. J .  Chem., 40, 896 (1962); 
cf. W. L. Meyer and A. S. Levinson, Proc. Chem. Soc., 15 (1963). 
(7) (a) I. Iwai, A. Ogiso, and B. Shimizu, Chem. Ind., (London), 1288 

(1962); A. Ogiso, B. Shimizu, and I. Iwai, Chem. Pharm. Bull. (Tokyo), 
11, 770, 774(1963); (b) I. Iwai and A. Ogiso, Chem. Ind. (London), 1084 
(1963); A. Ogiso and I. Iwai, Chem. Pharm. Bull. (Tokyo), 12, 820 
( 1964). 
(8) J. A. Findlay, W. A. Henry, T. C. Jain, Z. Valenta, K. Wiesner, 

and C. M. Wong, TetrahedronLetters, 869 (1962). 
(9) R. B. Turner, G. D. Diana, G. E. Fodor, K. Gebert, D. L. Sim- 

mons, A. S. Rao, 0. Roos, and W. Wirth,J. Am. Chem. SOC., 88, 1786 
(1966). 
(10) R. F. Church, R. E. Ireland, and J. A. Marshall, Tetrahedron 

Letters, l(1960); CJ R. B. Turner and P. E. Shaw, ibid., 24 (1960); R. B. 
Turncr and IC H. Ganshirt, ibid., 231 (1961); R. B. Turner, K. H. 
Ganshirt, P. E. Shaw, and J. D. Tauber, J .  Am. Chem. SOC., 88, 1776 
(1966). 
(1 1) R. A. Bell, R. E. Ireland, and R. A. Partyka, J .  Org. Chem., 27, 

3741 (1962); 31, 2530 (1966). 
(12) R. A. Bell and R. E. Ireland, Tetrahedron Letters, 269 (1963). 
(13) S. Masamune, J .  Am.  Chem. SOC., 83, 1009 (1961). 
(14) W. Nagata, T. Sugasawa, M. Narisada, T. Wakabayashi, and Y .  

(15) S. Masamune, ibid., 86, 290 (1964). 
(16) Z. Valenta, I<. Wiesner, and C. M. Wong, Tetrahedron Letters, 

2437 (1964); R. W. Guthrie, W. A. Henry, H. Immer, C. M. Wong, Z. 
Valenta, and K. Wiesner, Collection Czech. Chem. Commun., 31, 602 
(1966). 
(17) All the formulas in this paper are represented in racemic forms, 

unless otherwise specified. 

Hayase, ibid., 89, 1483 (1967); 85, 2342 (1963). 

follow this type of rearrangement. The compound 
4 was refluxed with collidine to afford in 78% yield 
the acetoxy olefin 7a, mp 200-200.5°, which was hy- 
drolyzed to compound 7b. It  was anticipated that 
with this compound, a similar acid rearrangement 
giving compound 13 with the desired bridge configura- 
tion would take place. However, in a model exper- 
iment, l9 3a,5a-ethenocholestan-3P-o1 (8) could not be 
rearranged to compound 9 by treatment of the acid. 
The result clearly indicates that the rearrangement of 

4 -  

CH, 8 
?a, R = A c  
b, R = H  

1 

loa, R = H  9 
b, R = p-BrCsH4SOz 

t- \ 

11 13 

12 

the pentacyclic hydroxy olefin 7b will also be unsuc- 
cessful. One of the reasons for this failure may be 
that protonation may take place preferably at C-3a 
rather than at C-5a producing a sterically more favor- 
able C-5a carbonium ion which cannot induce the 
desired rearrangement. The method, therefore, was 
abandoned and another more promising way to defi- 
nitely induce the plus charge at the C-3a carbon was 
sought. This goal was realized by placing a suitable 
leaving group with a favorable exo orientation at the 
C-16 position in compound 7, and the following two 
routes became available. 

Sterically controlled hydroborationZ0 of the olefin 
7a with bis(3-methyl-2-butyl)borane followed by oxi- 
dation and hydrolysis afforded the desired 1,2-diol 
loa, mp 242-245", in 53% yield together with 18% 

(18) A. J. Birch, R. W. Rickards, H. Smith, J. Winter, and W. B. 
Turner, Chem. Ind. (London), 401 (1960); cf. N. Takahashi, H. Kita- 
mura, A. Kawarada, Y. Seta, M. Takai, S. Tamura, and Y .  Sumiki, Bull. 
Agr. Chem. SOC., Japan, 19, 267 (1955). 
(19) This work will be published separately. 
(20) H. C. Brown and G. Zweifel, J .  Am. Chem. Soc., 82, 3222 (1960); 

G. Zweifel, N. R. Aryangar, and H. C. Brown, ibid., 85, 2072 (1963). 
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configurational change at the C- 15 carbon takes place 
during the rearrangement, the resulting hydroxyl group 
should retain its configuration and therefore be exo 
oriented. To remove this unnecessary hydroxyl group 
at (2-14, the ketol 15 was ketalized, and the resulting 
hydroxy ketal 16, mp 220-221", was oxidized with 
chromic anhydride in pyridine giving the keto ketal 
17, mp 205-206", in 80% over-all yield. Elimination 
of a hindered (2-14 ketone function in a similar ring 
system was reported'o to be effected, but only in a low 
yield, by applying the Cram modificationz1 for Wolff- 
Kishner reduction. Moreover an application of the 
enforced Barton condition, z 2  successfully applied by 
Bell, et a1.,l2 in the kaurene synthesis, to the present 
compound should be avoided because a severe change 
of the mesylamino group with strong alkali was ex- 
pected. Recently a new and simple modification of the 
Wolff-Kishner reduction for hindered or masked 
ketones was found in this laboratoryz3 and its efficiency 
has been verified also in other l a b o r a t o r i e ~ . ~ ~  The 
method consists of effecting hydrazone formation using 
hydrazine dihydrochloride and subsequent heating 
with alkali in triethylene glycol. Application of this 
method to the ketone 17 gave the desoxo compound 
18, mp 198.5-200", in 91% yield as expected. The 
latter was deketalized in the usual manner giving the 
pentacyclic ketone 13 described above. The 32% 
over-all yield of the last compound from the olefin 
7a by this route is also good and comparable to the 37 
yield obtained by the first route. The synthesis of the 
ground skeleton of the garryia alkaloids was thus ac- 
complished in a highly stereoselective manner. 

Introduction of the allyl alcohol function was carried 
out by a similar manner to that used in the atisine 
synthesis (see below). l 4  

Wittig condensation of the pentacyclic ketone 13 af- 
forded the exo-methylene derivative 19a, mp 136-137", 
in 90% yield. Before placing a hydroxyl group at 
C-15 the protecting N-mesyl group should be replaced 
by another suitable one which can be removed at a 
later stage without affecting the coexisting allylic alcohol 
function in the D ring. Thus, the N-mesyl olefin 19a 
was at first subjected to lithium-ammonia reduction 
affording the demesylated secondary amine 19b, mp 
68-71', which was then converted into an oily N- 
carbethoxy derivative 19c by treatment with ethyl 
chloroformate and alkali, The compound 19c could 
not be crystallized but was found to be uniform from 
thin layer chromatography. Wohl-Ziegler bromina- 
tion of this compound using N-bromosuccinimide in 
carbon tetrachloride in the presence of benzoyl peroxide 
gave a mixture of allylic bromides 20 and 21, which 
without purification was epoxidized giving the crystal- 
line epoxy bromide 22, mp 145-147", and the oily 
isomer 23 after separation of the crude product by alu- 
mina chromatography. While the crystalline epoxy 
bromide was converted into the desired exo-methylene 

yield of the isomeric 1,3-diol 11, mp 262-263'. The 
ex0 configuration of the newly introduced hydroxyl 
group in both diols is based upon the view of the exo 
side attack of borane as well as formation of the aceton- 
ide 12 of the 1,2-diol loa. The isolation of the latter 
was conveniently carried out cia its acetonide 12. 
In this reaction no epimeric endo-hydroxy compounds 
were isolated. The preponderant and stereoselective 
formation of the 1,2-diol with the desired configuration 
was thus secured. Selective sulfonation of the 16- 
hydroxy! group was effected by treatment of 10a with 
p-benzenesulfonyl chloride in pyridine for 40 hr at  
room temperature, giving the monobrosylate lob .  
Compound 10b was now subjected to base-induced 
rearrangement. Refluxing an aqueous methanolic 
dioxane solution of crude 10b with potassium hy- 
droxide gave the rearranged ketone 13 having a de- 
sired bridge configuration, mp 215-217", in 70% 
over-all yield from the diol loa. The band at 1739 
cm-l in the infrared clearly shows the formation of a 
five-membered ring ketone. The facile rearrangement 
of this system is obviously due to the favorable orienta- 
tion of the C-16-OBs bond antiparallel to the migrating 
C-12-C-13 bond. 

To secure this key compound 13 the following al- 
ternative route involving more reaction steps but with 
higher selectivity was also established. Epoxidation 
of alcohol 7b, mp 181-191" (solidifies and melts at 203- 
204 '), with perbenzoic acid stereoselectively gave 
the exo-epoxide 14, mp 258-259.5", in 71 % yield. The 

-OH 

14 15 

16 17 

18 

desired exo configuration of the epoxy function was 
again deduced from the well-established view of the 
favorable attack of reagents from the less hindered 
exo side in a bicyclo[3.2.l]octane ring system and 
supported by its facile Wagner-Meerwein type re- 
arrangement shown below. The rearrangement was 
induced with diethylaluminum chloride more smoothly 
than with boron trifluoride etherate giving the ketol 
15, mp 242-243", in 59% yield. The superiority of 
diethylaluminum chloride may be due to its less acidity 
to facilitate migration of electrons from the bridgehead 
oxygen in a metalated intermediate. The infrared 
spectrum of the product showed the presence of both 
the hydroxyl and the five-membered ring keto group as 
judged by bands at 3630 and 1744 cm-l. Since no 

(21) D. J. Cram, M. R. V. Sahyun, and G. R. Knox, J .  Am.  Chem. 

(22) D. H. R. Barton, D. A. J. Ives, and B. R. Thomas, J .  Chem. 

(23) W. Nagata and H. Itazaki, Chem. Ind. (London), 1194 (1964). 
(24) I<. Shudo, M. Natsume, and T. Okamoto, Chem. Pharm. Bull. 

(Tokyo), 13,1019 (1965); G. V. Baddeley, H. Carpio, and J. A. Edwards, 
J .  Org. Chem., 31, 1026 (1966); private communication from Profes- 
sor Tanaka in Tokyo University, who applied the method to elimina- 
tion of a C-6 keto group in some trimethyl steroids. 

Soc., 84, 1734 (1962). 

SOC., 2056 (1955). 
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19a, R = Ms 
b, R = H  
C ,  R-COOCZH5 

1 

CH3 
26 

i 

20 21 

CHzBr 

c*Hsooc@ 

bH3 

4 
22 

24a, R =COOClHs 
b, R = H  
C ,  R E C H L C H ~ O H  

alcohol 24a, mp 151-152', an oily isomer 23 gave the 
isomeric allylic alcohol 25, mp 129-130.5 ', by treatment 
with zinc in refluxing t-butyl alcohol or ethanol. 
The presence of a vinyl group in compound 24a follows 
from the band at 906 cm-I in the infrared. Since epox- 
idation should occur from the exo side, the secondary 
hydroxyl group of 24a also should have a favorable 
exo orientation. The isomeric allyl alcohol 25 did not 
have a band corresponding to a vinyl group in the in- 
frared, but did have a signal corresponding to one proton 
at 7 4.62 in the nmr, supporting structure 25. In a 
separate experiment starting from the N-mesyl olefin 
19a, the five-step reaction process was carried out suc- 
cessively without purification of the intermediates in 
each step to give the desired secondary 24a (9%) and 
the primary allylic alcohol 25 (10%) together with 23% 
yield of a desoxy olefin mixture. This mixture was 
found to be composed mainly of the endo-olefin 26 
as evident from an almost identical infrared spectrum 
with that of the product obtained by isomerization of 
the starting exo-olefin with iodine.25 Hydrolytic re- 
moval of the N-carbethoxy group was effected by 
refluxing a solution of 24a in diethylene glycol with 
potassium hydroxide and a trace of hydrazinez6 to 
afford the secondary base 24b, mp 182-182.5'. Fi- 
nally, the base 24b was alkylated with ethylene chloro- 
hydrin according to the process described in the lit- 
e r a t ~ r e ' ~  to give dl-dihydroveatchine (24c), mp 138- 
141", in 56x over-all yield from 24a. Both bases 
24b and 24c were proved to be the racemic forms of the 
naturally derived dihydropyrolysis base B27-29 and 

( 2 5 )  L. H. Briggs, B. F. Cain, R. C. Cambie, and B. R. Davis, J .  

(26) Cf. S. W. Pelletier and P. C. Parthasarathy, Tetrahedron Letters, 
Chem. Soc., 1850 (1962). 

205 ( 1  963). 

Armstrong, and J A. Edwards, Chem. Ber., 86, 800 (1953). 

supplbing valuable authentic samples of natural compounds. 

(27) I<. Wiesncr, W. I. Taylor, S. I<. Figdor, M. F. Bartlett, J. R. 

(28) Wc are \cry grateful to Professor 2. Valenta for his courtesy in 

23 
I 
J. 

CH20H 

C z H s O O C f l  

CHI  
25 

d i h y d r o v e a t ~ h i n e ~ ~ ~ ~ ~  by the complete identity of in- 
frared spectra (CHCl,) and thin layer chromatograms. 
Since transformation of dihydroveatchine to garryine 
by treatment 'with osmium tetroxide?' and further to 
veatchine by a two-step reaction sequence30 has already 
been accomplished in the natural series, this work con- 
stitutes a total synthesis of racemic forms of these 
alkaloids and simultaneously establishes their sug- 
gested configuration except for the F ring. All the 
reactions employed in  this synthesis, although not 
satisfactory in yield in a few steps of the last stage, 
proceeded in a desired stereochemical sense. 

Experimental Section 
All melting points were measured on a Kofler hot-stage apparatus 

and are corrected. Unless otherwise stated, ultraviolet spectra 
were taken in 95 ethanol with a Hitachi EPS-2 spectrophotometer 
and infrared spectra in chloroform by use of a Koken DS-201B 
spectrophotometer. All nmr spectra were taken on deuterated 
chloroform solutions with a Varian A-60 spectrometer. Unless 
otherwise specified, the extracts were dried on anhydrous sodium 
sulfate, and column chromatography was performed according to 
the method reported by Reichstein and ShoppeeS1 using Woelm 
alumina (activity 11). 

(i)-N-Mesyl-l3~-acetoxy-19,20-imino-5~,8~9~,10a,13a-17-nor- 
phylloclad-15-ene (7a). A solution of 1.529 g of mesyl acetate 414 
in 15 ml of collidine was boiled for 15.5 hr, cooled, poured into a 
mixture of 2 N hydrochloric acid and ice, and extracted with chloro- 
form. The chloroform solution was washed successively with 
water, 2 Nsodium carbonate, and twice with water and dried, and the 
chloroform was evaporated under reduced pressure. Recrystalliz- 
ation of the residue from methylene chloride-ether gave 968 mg 
(78%) of olefin acetate 7a, mp 200-200.5", vmsx 1729,1336, and 1149 
cm-l. 

Atinl. Calcd for C?2H,s04NS: C, 64.84; H, 8.16; N, 3.44. 
Found: C,65.25; H,S.35; N,3.73. 

(29) The authors wish to thank Professor S .  W. relletier for providing 

(30) S. W. Pelletier and I<. Kawazu, Chem. Zd. (London), 1879 

(31) T. Reichstein and C. W. Shoppee, Discussions FaradajJ Soc., 30.5 

a sample of dihydropyrolysis base B. 

( 19 6 3 ) .  

(1949). 
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(=t)-N-Mesyl-19,20-imino-5P,8a,9P,lOa ,13a-17-norphylloclad- 
15-en-13p-01 (7b). A solution of 1.017 g of olefin acetate 7a in 90 
ml of ethanol was refluxed with 22 ml of 2 N potassium hydroxide 
for 1.6 hr. The usual work-up and recrystallization of the residue 
from acetone-ether gave 861 mg (94%) of hydroxy olefin 7b, mp 185- 
186'. Further recrystallization raised the melting point to 189-191 
(solidifies and melts at  203-204"), vmax 3591,1333, and 1148cm-'. 

Anal. Calcd for C2oH3,O3NS: C, 65.73; H ,  8.55; N, 3.83. 
Found: C, 65.97; H, 8.65; N, 4.06. 

(~)-N-Mesyl-19,20-imino-S~,8a,9~,lOa,13a-17-norphyUocladane- 
13p,16p-diol (loa), Its Acetonide (12), and (=t)-N-Mesyl-19,20- 
imino-5p,8o1,9~,10a,13~-17-norphyllocladane-13~,15~-dio1(11). Di- 
borane gas, generated from 13.20 g (93 mmoles) of boron trifluo- 
ride etherate and 1.59 g (42 mmoles) of sodium borohydride, was 
introduced into a solution of 7.43 g (106 mmoles) of pure 2-methyl- 
2-butene in 110 ml of dry tetrahydrofuran at 0" under nitrogen 
with stirring during 40 min. The mixture was kept at  0" for 2 hr 
and was mixed with 1.675 g (4.11 mmoles) of olefin acetate 7a 
in 20 ml of dry tetrahydrofuran and the resulting mixture was 
allowed to stand at room temperature for 18 hr. This mixture 
was treated successively with 5 ml of water, 50 ml of 3 N sodium 
hydroxide, and 50 ml of 3 0 z  hydrogen peroxide at  O" ,  and the 
solution was vigorously stirred for 1.5 hr at the same temperature, 
poured into ice-water, and extracted with chloroform. The chloro- 
form solution was washed with 2 N hydrochloric acid and water 
and dried, and the chloroform was evaporated to  give a crystalline 
residue, which exhibited a weak band of an acetate in the infrared 
spectrum. The residue was dissolved in 160 ml of ethanol and 40 
ml of 2 N potassium hydroxide and heated under reflux for 2.5 hr. 
Usual work-up gave a crystalline residue, which was dissolved in 
200 ml of dry acetone containing 200 mg of toluene-p-sulfonic 
acid monohydrate and was refluxed for 4 hr with stirring. The 
reaction mixture was cooled, poured into ice-cold 1 sodium hy- 
drogen carbonate, and extracted with chloroform. The chloroform 
solution was washed with water and dried, and the solvent was evap- 
orated under reduced pressure. The residue was chromatographed 
on alumina (60 8). The crystalline residue from eluates with 
benzene and benzene-chloroform (9 : 1) were recrystallized from 
methylene chloride-ether to afford 1.061 g (61%) of acetonide 
12, mp 226-227.5 '. Further recrystallization raised the melting 
point to 228-230", vmnx 1337, 1155,1116, and 1061 cm-l. 

Anal. Calcd for C*3Ha704NS: C, 65.21; H, 8.80; N, 3.31. 
Found: 

Eluates with benzene-chloroform (2: 1) gave crystals (1 3 mg), 
mp 19C-196", which could not be further purified. 

Further elution with chloroform-methanol (49 : 1-9 : 1) yielded 
290 mg (18%) of the 1,3-glycol 11, mp 261-262", on recrystalliza- 
tion from chloroform-methanol. A pure sample melts at  262- 
263", Y",?' 3507,3438,1312, and 1142c1n-~. 

Anal. Calcd for CZOHUO~NS: C, 62.63; H, 8.67; N, 3.65. 
Found: C,62.33; H,8.71; N, 3.69. 

The acetonide 12 (1.035 g) described above was heated with 55 
ml of 90% acetic acid at 100" for 30 min and the solvent was dis- 
tilled under reduced pressure to dryness (codistilled with toluene). 
The residue was recrystallized from methylene chloride-ether to 
yield 821 mg (88%) of 1,2-glycol loa,  mp 245.5-246", vmsx 3590, 
1336, and 1150cm-l. 

Anal. Calcd for C Z O H ~ ~ O ~ N S :  C, 62.63; H, 8.67; N, 3.65. 
Found: C, 62.57; H, 8.71; N, 3.69. 

(~)-N-Mesyl-l9,20-imino-17-norkauran-l6-one (13). A solution 
of 1,2-glycol 10a (730 mg) in 10 ml of dry pyridine was treated with 
1.45 g of p-bromobenzenesulfonyl chloride at 0", and the mixture 
was allowed to stand at  room temperature for 40 hr. The excess 
of the chloride was decomposed by treating it with a small amount 
of water at 0" for 30 min, and the mixture was poured into a mixture 
of ice and 100 ml of 2 N hydrochloric acid and extracted with 
chloroform. The chloroform solution was washed twice with 
water and dried, and the solvent was removed under reduced pres- 
sure to yield crude monobrosylate 10b (1.22 g). A solution of the 
crude 10b in 240 ml of a mixture of dioxane-methanol (1 : 1) was 
heated with 40 ml of 5 N potassium hydroxide (40 ml) under reflux 
for 3 hr. After being cooled, the resulting mixture was neutralized 
with acetic acid, concentrated under reduced pressure, diluted with 
ice-water, and extracted with chloroform. The chloroform layer 
was washed with water and dried, and the solvent was evaporated 
under reduced pressure to give a residue, which was chromato- 
graphed on alumina (30 8). Elution with petroleum ether-benzene 
(1 :4) gave 489 mg (70%) of ketone 13, mp 215-217", on recrystal- 
lization from methylene chloride-ether. A pure samde showed 
the same melting point, Y,, 1739, 1339, and 1153 cm-l. 

C,65.15; H, 8.84; N, 3.29. 

Anal. Calcd for CZOH~IO~NS:  C, 65.71; H, 8.55; N, 3.83. 
Found: C, 65.38; H, 8.55; N, 3.82. 

From eluates with chloroform-methanol (9:1), 16 mg of the 
starting material loa,  mp and mmp 243-245 ', was recovered. 

(f))-N-Mesyl-19~0-imino-5~,8cu,9P,10a,13a-15~,16~-epoxy-17- 
norphyUocladan-l3~-oI (14). A solution of 834 mg (2.28 mmoles) 
of 7b in 35 ml of benzene was mixed with 11.6 ml of 0.295 M benzene 
solution of perbenzoic acid, and the mixture was allowed to stand 
at  room temperature. After 38 hr, the reaction solution was 
poured into ice-water and extracted with chloroform. The or- 
ganic layer was washed with ice-cold 2 N sodium hydroxide and wa- 
ter and dried, and the solvent was removed under reduced pressure. 
The residue was recrystallized from acetone-ether to give 780 mg 
(90%) of epoxy alcohol 14, mp 260.5-262", vmax 3592, 1340, 1149, 
and 897 cm-l. 

Anal. Calcd for C20H3104NS: C, 62.97; H, 8.19; N, 3.67. 
Found: C,62.56; H,8.27; N, 3.78. 

(f)-N-Mesyl-19,20-i~no-17-norkauran-l4~-ol-l6~ne (15). 
T o  a solution of 755 mg of epoxy alcohol 14 in 45 ml of dry tetra- 
hydrofuran was added slowly 1.41 g of diethylaluminum chloride 
in 5 ml of dry tetrahydrofuran at O", and the mixture was allowed 
to stand at room temperature overnight. The solution was care- 
fully poured into a mixture of 2 N sodium hydroxide and ice under 
stirring and extracted with chloroform. The chloroform solu- 
tion was washed twice with water and dried, and the chloroform 
was removed under reduced pressure. The residue was chroma- 
tographed on alumina (30 9). Elution with benzeneshloroform 
(2:l-1:l) afforded 402 mg (59%) of ketol 15, mp 241-242", on 
recrystallization from acetone-ether. Further recrystallization 
raisedthemeltingpoint to 242-243", vmsx 3630,1744,1337, and 1151 
cm-'. 

Anal. Calcd for GoH310aNS: C, 62.97; H, 8.19; N, 3.67. 
Found: C,63.03; H,8.24; N, 3.65. 

(f)-N-Mesyl-19,20-imino-16,16~thylenedioxy-l7-norkauran- 
14p-01 (16). '4 solution of ketol 15 (419 mg) in 150 mg of ethylene 
glycol containing 23 mg of toluene-psulfonic acid monohydrate 
was slowly distilled under reduced pressure (3 mm) over a period 
of 3 hr. The usual work-up of the reaction mixture yielded 416 
mg (89%) of hydroxy ketal 16, mp 219-220.5", on recrystallization 
from methylene chloride-ether. A pure sample melts at  220-221 O, 
vmaX 3533,1346,1148, and 1095 cm-l. 

Anal. Calcd for C22H3505NS: C, 62.09; H, 8.29. Found: 
C, 61.75; H, 8.27. 

(=t)-N-Mesyl-19,20-imino-l6,16-ethylenedioxy-17-norkauran- 
14-one (17). Hydroxy ketal 16 (400 mg) in pyridine was treated 
with a pyridine-chromic anhydride complex prepared from 1 g of 
chromic anhydride and 1 ml of dry pyridine at room temperature 
for 14 hr. The mixture was poured into ice-water and extracted 
with ether-methylene chloride (3 : 1). The extracts were washed 
with water and dried. Evaporation of the solvent gave a residue, 
which was crystallized from methylene chloride-ether to give 373 
mg (9473 of keto ketal 17, mp 204-205'. An analytical sample 
melts at 205-206", vmal 1738,1337,1151, and 1109 cm-l. 

Anal. Calcd for GZHa3O5NS: C, 62.38; H, 7.85; N, 3.31. 
Found: C, 62.28; H, 7.86; N, 3.56. 

(f)-N-Mesyl-19,20-imino-l6,16-ethylenedioxy-l7-norkaurane 
(18). A mixture of 267 mg of keto ketal 18, 3.5 ml of hydrazine 
(9573, 848 mg of hydrazine dihydrochloride, afid 8.5 ml of tri- 
ethylene glycol was heated at 120" for 2 hr. After addition of 1.6 
g of potassium hydroxide, the temperature of the reaction mixture 
was slowly raised to 215" over a period of 1 hr to remove an excess 
of hydrazine. After being heated for 1 hr further at the same tem- 
perature, the reaction mixture was poured into ice-water and ex- 
tracted with methylene chloride. The methylene chloride solution 
was washed successively with water, twice with ice-cold 2 N hydro- 
chloric acid, and twice with water and dried, and the solvent was 
evaporated under reduced pressure to afford a neutral residue (256 
mg). This was crystallized from ether to give 241 mg of crude 
ketal 18, mp 187-193", and from the mother liquors, an additional 
crop ( 5  mg) of 18, mp 193-196", was obtained after alumina chro- 
matography. The total yield of 18 is 91 %. A pure sample melts 
at 198.5-200", vmSx 1339,1152, and 1114cm-'. 

Anal. Calcd for C2zH3504NS: C, 64.52; H, 8.62. Found: 
C, 64.62; H, 8.50. 

Deketalization of the Ketal 18. The ketal (24.8 mg) was heated 
with 2.5 ml of 80% acetic acid at  100" for 1 hr. The usual work-up 
gave 19.6 mg (89%) of a ketone, which was identified with an 
authentic sample of the ketone 13 described above, mp and mmp 
215-216'. The identity of both specimens was also confirmed 
by comparison of the infrared spectra. 
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(f)-N-Mesyl-19~O-iminokaur-l6-ene (19a). To an ethereal 
solution of methylenetriphenylphosphorane, prepared by treating 
1.65 g (4.62 mmoles) of methyltriphenylphosphonium bromide 
with 3.08 ml of 1.36 N ethereal solution of butyllithium (4.20 
mmoles) at  room temperature for 2 hr under stirring, was added 
512 mg (1.40 mmoles) of 13 in 20 ml of dry tetrahydrofuran. The 
ether was distilled off and replaced with dry tetrahydrofuran, and 
the reaction solution was refluxed for 5 hr, diluted with water, 
and extracted with chloroform. The chloroform solution was 
washed twice with water, dried, and concentrated to dryness under 
reduced pressure. The residue was chromatographed on alumina 
(30 9). The less-polar fractions eluted with petroleum ether- 
benzene (4: 1) were recrystallized from ether-pentane to afford 
456 mg ( 9 0 z )  of olefin mesyl amide 19a, mp 134-135". A pure 
sample melts at 136-137", vmax 3060,1659,1336,1149, and 882cm-I. 

Anal. Calcd for CZIHUO~NS: C, 69.38; H, 9.15; N, 3.85. 
Found: C, 69.65; H,9.30; N,4.15. 

(~)-19~0-Iminokaur-l6sne (19b) and Its Ethyl Carbonate 19c. 
A solution of 434 mg of the olefin mesyl amide 19a in 20 ml of dry 
tetrahydrofuran and 3 ml of absolute ethanol was added dropwise 
to a solution of 874 mg of lithium in 90 ml of liquid ammonia with 
stirring. The reaction mixture was stirred at a bath temperature 
of -70" for 30 min and then treated with 10 ml of absolute ethanol 
to destroy excess lithium. The ammonia was evaporated, and the 
residue was diluted with water and extracted with ether. The ether 
layer was separated, washed with water, and dried, and the ether 
was removed to afford 331 mg (97 %) of crude free base 19b. Crys- 
tallization from ether gave crystalline monohydrate of the free 
base, mp 67-70", vmax 3386 (weak), 3066,1658, and 879 cm-l. 

Anal. Calcd for CzOHIIN.HzO: C, 79.15; H ,  10.96. Found: 
C, 79.28; H ,  10.66. 

To a stirred solution of 314 mg (1.1 mmoles) of crude free base 
19b in 10 ml of ether were added two solutions of 8.22 ml (11 
mmoles) of 2 N sodium hydroxide and 8.22 ml of ethereal solution 
of 1.194 g (16.5 mmoles) of ethyl chloroformate at  the same rate 
over a period of 50 min under ice cooling, The mixture was stirred 
at  room temperature for 2 hr, poured into water, and extracted 
with ether. The ether solution was washed successively with 
water, 2 N hydrochloric acid, and twice with water and dried, and 
the ether was removed under reduced pressure to dryness to afford 
a theoretical amount (394 mg) of an oily ethyl carbonate 19c. 
Attempts to  crystallize the material failed; infrared spectrum: 
3067, 1675 (strong), and 880 cm-1. This material exhibited only 
one spot on a thin layer chromatogram (silica gel G, benzene-ethyl 
acetate, 1 : 1). 

Introduction of a Hydroxyl Group at the 15 Position of 19c. Crude 
ethyl carbonate 19c (354 mg, 0.99 mmole) was dissolved in 20 ml of 
pure dry carbon tetrachloride and 5 ml of the solvent was distilled 
off to remove moisture as an azeotropic mixture. To this solution 
was added 185 mg (1.04 mmoles) of N-bromosuccinimide and 13 mg 
(0.05 mmole) of benzoyl peroxide, and the mixture was refluxed for 
30 min. After being cooled, the separated succinimide was filtered 
off and washed with carbon tetrachloride. The filtrates were 
combined, washed with water, and dried, and the solution was con- 
centrated to  about 2 ml under reduced pressure at  27". This con- 
centrate was dissolved in 5 ml of benzene containing 1.48 mmoles of 
perbenzoic acid, and the solution was allowed to stand at 15-18" 
for 43 hr in the dark. The organic solvent was evaporated to about 
1.5 ml under reduced pressure at  30". This concentrate was dis- 
solved in 10 ml of t-butyl alcohol, and the solution was refluxed with 
4.2 g of zinc dust with vigorous stirring for 4 hr. After being 
cooled, zinc and zinc salt were removed by decantation and washed 
with ether-methylene chloride (3 : 1). The combined organic 
solutions were washed with ice-cold 2 N sodium hydroxide and 
water and dried, and the solvent was evaporated under reduced pres- 
sure. The residue was chromatographed on alumina (15 g). 
Eluates with petroleum ether-benzene (9 : 1-2 : 1) gave 82 mg (23 %) 
of an oil, which showed an identical infrared spectrum with that 
of a crude sample of endo-olefin 26 prepared by heating the starting 
olefin 19c with iodine. z6  Eluates with petroleum ether-benzene 
(1 :2) and benzene gave 32 mg (9 %) of (f)-N-carbethoxy-19,20- 
iminokaur-16-en-15a-01 (Ha),  mp 141-149", on crystallization from 

ether-pentane. A pure sample melts at  15@151", v'm.lx 3618, 1675, 
and 906 cm-1. 

Anal. Calcd for C , S H ~ ~ O ~ N :  C, 73.95; H ,  9.45. Found: 
C, 73.96; H. 9.42. 

'Further elution with benzene-chloroform (9: 1-4: 1) gave 38 mg 
(10 %) of (=t)-N-carbethoxy-19,20-iminokaur-15-en-17-01 (25), mp 
120-128.5 ', on crystallization from ether-pentane. A pure sample 
melts at 129-130.5", vlllRX 3624, 1676 and 1012 cm-l; the ninr 
spectrum showed a peak at r 4.62 (1 H). 

Anal. Calcd for C23HS5O3N: C, 73.95; H, 9.45. Found: 
C, 73.81 ; H, 9.63. 

In another run, a crude material of epoxy bromides was chroma- 
tographed on alumina. Elution with petroleum ether-benzene 
(2: 1-1 : 1) gave (f)-N-carbethoxy-19,20-imino-l5cu,l6cu-epox~-17- 
brornokaurane (22) in a yield of 9 z, mp 145-147" on recrystalliza- 
tion from ether-pentane, v,,, 1676 and 936 cm-1. 

Aiial. Calcd for C28H3403NBr: C. 61.06; H ,  7.58; N, 3.10. 
Found: C,61.68; H,7.75; N,  3.42. 

Further elution with benzene gave another oily epoxy bromide 23 
(973, which was found to be homogeneous on a thin layer plate 
but could not be crystallized. 

These epoxides 22 and 23 were separately treated with zinc and 
ethanol in a similar way described above and crystals obtained 
after similar work-up of the reaction mixtures were identified v,ith 
authentic samples of 24a and 25, respectively. 

(~:)-19,20-Iminokaur-l6-en-15cu-ol (24b). N-Carboethoxy allyl 
alcohol 24a (30.4 mg) was dissolved in 2.0 ml of diethylene glycol 
containing 0.5 hydrazine, and the solution was relluxed with 240 
mg of potassium hydroxide under nitrogen for 30 min. After 
being cooled, the reaction mixture was diluted with water and 
extracted with ether. The ethereal solution was shaken several 
times with 10% tartaric acid solution, and the aqueous layer was 
made alkaline with 2 N sodium hydroxide and extracted with ether. 
The ether solution was washed with water and dried, and the cther 
was removed under reduced pressure to give a residue (19.9 mg), 
which was crystallized from methanol and ether to afford 12.4 mg 
(51%) of base 24b, mp 179-180". A pure sample melts at 182- 
182.5", vmax 3603, 3393 (weak), 3077, 1161, and 906 cm--l. 

Anal. Calcd for C20H310N: C, 79.67; H, 10.37. Found: 
C, 79.41 ; H, 10.65. 

This sample showed an infrared spectrum (in chloroform) and 
a thin layer chromatogram (silica gel G ;  developed with benzene- 
ethanol-concentrated ammonia, 50 : 50 : 1) completely identical with 
those of an authentic specimenz9 of naturally derived dihydropy- 
rolysis base B (mp 168-171 "). 

(~)-N-(2'-Hydroxglcthyl)-19,20-irninokaur-16-en-l5~-ol (24c). 
A mixture of 16 mg of 24b, 3 ml of absolute methanol. 1.0 nil of 
ethylene chlorohydrin, and 100 mg of dry sodium carbonate powder 
was gently refluxed for 18 hr with stirring. The reaction mixture 
was diluted with a saturated sodium chloride solution and extracted 
with chloroform. The chloroform solution was washed with water 
and dried, and the solvent was distilled under reduced prcssure to 
dryness. The residue was dissolved in ether and extracted with 10% 
tartaric acid. The aqueous solution was neutralized with 2 h: so- 
dium hydroxide and extracted with ether. The ether solution was 
washed with water and dried. Removal of the ether under reduced 
pressure left a residue (1 5.4 mg), which was crystallized from ace- 
tone-water to afford 12.7 mg (69%) of alkylamine 24c, rnp 134- 
138". Further crystallization raised the melting point to 138 
141", vmsx 3618, 3479,1660, and905 cm-l. 

Anal. Calcd for CZ2H3;,O1N: C, 76.47; H, 10.21. Found: 
C, 76.67; H, 10.21. 

This sample showed an infrared spectrum (in chloroform) and a 
thin layer chromatogram (alumina, developed with ethyl acetate) 
indistinguishable from those of an authentic sampleZd of optically 
active dihydroveatchine (mp 149-151 "). 
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