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Abstract~ The simultameous presence of 2é-hydroxy and 13-keto
groups in hetidine (1) gives rise to a facile conversion to &
structure (24) of the atisine~types simply by heating in
alkaline moafi, the transient formation of the intermediate
(23) as the result of C(14)-C(20) cleavage being captured
i;;}anoloculnrly by the 2w-hydroxy group. Reversion of 24 to
4 can be simply effected by treatment with acid. Included
gbrcwith ars alsc some miscarried prior probings leading to
the formation of other products.

Hetidine (1) belonge to one of the most rigidly fused polycyclic systems of
the 020~diterpanoid alkaloids. One of the pivotal problems toward the total syn-
theais (yet to be accomplished) is the construction of the C(14)=-C(20) bond2, Tis

1, Ry=R,=H

2, Ry=Ac, R,= PhCO

paper is concerned with a number of chemical transformations of our recently
isolated episcopalidine (g)’. an esterified form of hetidine availadle to us in
gram quantities, and the main theme is centered upon the cleavage and regeneration
of the C(14)~C(20) bond. To this end, four differemt lines of attack have been
undertaken as follows.
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1. Catalytie nelysis: Literature pmcodont‘ can be found in the case of
2_. wvhere the facile cleavage of the C(8)~-C(17) bond was ascribed to the presemce of
the B-amino ketone functionalities also embodied in 2. But the correspondent C(14)-
€(20) bond in 2 proved to be recalcitrant and hydrogo;ntion gave compounds z.g
and Z instead. The «-hydroxy group on C-6 of Z and the 616-¥-nothyl in 2 - __2_ are

Pto,/H, Pt0,/H,

pa—
¢

1 atm. = 4,.5etm.

assigned on steric grounds. x-Configuration of the c,s-nothyl was also supported by
the absence of 7-effect on the §-values of C-11 in the 1C NMR spectra’ of 3 and 6.
2. Trimethylsilyl jodide (TMSI) method: 518 was found to initiate, e.g., the
cleavage of the &,8-bond of the keto group in g. However, similar tnumnt(Me38i01_
Nal/MeCN) of _g_ gave only 2_. ;l__(_)- and 1_1, the latter two possessing the isomeriged

0 TMS
@3 . (O Lo
g

endocyclic unsaturation. This exo to endo isomerisation was found to be a facile
process, exemplified by the formation of 1=q upon treatment of 2 with Bl'}/HOAo/gly—
col or Namu/m at room temperature. Similarly, acetylation of hetidine (;) with

10, Ry=Ac, R,=PhCO

L1, R =H, R,=PhCO

12, R1=R2=Ac

p~toluenesulfonic acid as catalyst gave some 12 as_the by-product.

3. Fragmentation of ¥-—amino tosylato?x The miscarried selective reduction of
the C-13 keto group of 9 was intended to be followed by tosylation and redustive
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thersblysis to give g. Appareatly the hemiketal of C-6 in 2 was not mn adequate
form of protection snd rapid comsumption of the protective acid (HC1l) by NaBH, very
soon laid bare the C~6 keto group which is more vulnerable to reduction tham the
relatively hindered C-13 keto group. As a consequence, 3_-“.: was obtained along with
some 10.

Ketalization of 2 with glycol was only oursorily exploited and under the
strongly acidice conditions used 1_(_)_. 32 and 3_§ir were formed. Here hydrationled to the

formation of the C-16 hydroxy groups in ;2 and 16 which were assigned «=-configura-—
tions according to the work of Pelletier et sl.

Te IR absorption of the C-6 keto group occurs at about 1690 cn™1 which can be
readily differentiated from the C-13 keto group at about 1720 cn"‘. The low frequen-
cy shown by the former is a consequence of the trsnsannular interaction with the
electron pair on the amino nitrogen. Quaternization by MeI brings the C-6 ketonic
absorption to a normal value of 1724 cn'1.

4, Acid or base catal st This approach was fashioned after the successful
fragmentation of cuscohygrine QZ) with aqueous alcoholic base under reflux? or
with acid under much more drastic conditionsm. Evidently the B-amino ketonic func-
tionalities per se have already set the stage for bond rupture which, however,

[ l ﬂ l N l OH (or H*) [ 1 i . |\, I
H ' A ) 1»1
3 CHy CHy 3
1

Y, 18 19

o-z

would tend to be thwarted by a geometrically favored intramolecular recombination
in the case of hetidine and its snalogs. In order to trap the bond rupture at its
onset, some appropriate trapping agent is needed wither to react with the enolate
(1ike _gg) or preferedbly with the mere reactive immonium (like 32) moiety. At first
we explored three redudétive methods on episcopalidine (3): (1), Zn/HOAs, (ii), Zn/
NeOH, snd (iii), sooéu/Acao‘". A1l three methods turmed ocut to be ineffective and
the last-mentiomed method gave rise to the isomerised compound 10.

Trapping of the immonium by oxasolidime formation was then attempted. Por this
purpose, the N-methyl group has to be replaced by a hydroxyethyl group. Mercuriec
acetate 2 in aqueous méetic asid failed to bring sbout N-demethylation. The de-
nethylation was scowaplished by treatmens of g with ethyl chloroformate™> in the
presence of large sméunts of smhydrous potassium carbonate under rigérously anhy-
dr::.‘ conditions. The demethylatiem produmet ('22) bas IR :boorp‘tion at 1725 snd 1750
e ', the latter to Bé expected of a carbomate carbonyl ; am alternative structure
with a sisple replasesent of the N-Me ia 2 with u-cozst can be safely exclwded by
its esse of hydrolysis smd the absesce of the 1690 cn~! bend of the 0~6 carbony?.
The yield of 20 was le¥w and wes not noticeably improved by the addition of Nel asnd
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triethylbensylamsonium chloride(phase-transfer catalyst). Inadequate quantitiss of

IS
[
[

Q snd much less of 5‘\2 therefrom led to a halt of our endeavor toward the obtaimment
of _23, further prospted by the success of a2 much simpler approach to be desoribed
below.

It occurred to us that the C-2 axial hyaroxy group of hetidine (;) iteelsr is &
built-in trap for the immonium ion. This was actually foreshadowed by the fact that
saponification of 2 even st rooam temperature would give alongside of the expected 1
an additional taint spot with higher Rf value. This spot was later shown to be 24.
whose dihydro counterpart (_a_) was more fully characterised.

diacetate monoacetate

26 28

Thus refluxing of 25 with 410% methanolic NaOH led to a partial conversion to
22. In the 5 NMR spectrum of 27, a doublet at $3.95 (J=5.7 Hs) and a singlet at
83.22 are ascribed to the C-2 amd C-3 protoms, respectively, to de compared with the
corresponding protons of Ez at §3.94 (m) snd 3.36(d, J=4.5). The change of splitting
patterns is in accord with the conformational differences. Acetylation gave a di-
scetate (2_§) from 25 and a monoacetate (‘2_8) from 27, and the latter acetate dis~-
played the expected downfield shift for the C-3 proton (to ¢4.50).

e "¢ MR data for 27 and 28 are shown in Table 1. As expected, there are
only minor differences mainly restricted to the vicinity of the C-3 functiom.

Conspicuous and definitive differences in the 3¢ MR data between 25 snd 27
are concerned with C-14 and C~20. For 25 we have the respective values of 57.8 (d)
and 45.6 (_cp5 and for 27, 53.2 (%) snd 93.7 (d). Thus there is a chamge of multi-
plieity for C-14 and a marked change of shift for C~-20.

me ¢ ¥R speotra of 1, 2, 3, 6, 9, 10, 20, 25 and a few other hetidine~type



compatnds incident to this research will be reported elsewhere-.

Table 1.  '’C WMR data of 22 snd 28 (in coo1,)

carbon 1 2 3 & 5 6 7 8 9 10 1 12
,2;: 45.9 76.5 78.8 38.9 57.4 204.5 52.4 40.7 44.7 43.5 26.6 49.9

28 40.9 74.5 80.4 39.4 57.4 203.9 52.7 40.0 4.9 43.7 27.1 50.3
carbon 13 M 15 16 17 18 19 20 KCH; 00—CHy

2 214.7 53.2 29.7 0.4 22.6 22.9 48.9 93.7 42.0

28 214.8 53.6 30.2 30.8 21.6 23.1 45.8 93.9 42.8 171.3 21.6

8.t 22.63 MES(PX-90Q). At 25.1 MEE(FY-100).

Treatment of Q with ngm“ gave Q. The C-13 ketonic carbonyl now became ‘]‘.ua
hindered and hence vulnerable tc reduction in contrast to the case of ’1=4=. The 'H RMR
data revealed that the C-~16 methyl and the C~20 proton of 2) vere shifted down-field
by 0.28 and 0.2 ppm, respectively, as compared with 27, indicative of the shielding
effect of the implicated C~13 ketonic carbonyl and tﬁu correborating further the
«=configuration of the C-16 methyl group.

Treatment of g and ﬁ (atisine~typs) with hydrochloric acid causes facile con-
version to 1 and 25 (hetidine-type), respectively.

The cleavage and regeneration of the C(14)-C{20) bdond might have some signifi-
cance in connection with the biogesnesis of diterpencid alkaloidms as well15,

Finally, the successful participation of the 2x~-hydroxy group to trap the immo-
nium ion involves a S-exo-trigonal process favored by the Baldwin rule of ring clow-
8111‘016. The disfavored S-endo-trigonal process of 21.-» 22 is thus worthy of further
examination. It should be noted, however, that the "disfavored" oxagzolidine ring
c¢losure is & commonplace process in diterpenoid alkaloids, presumably because of the
less stringent requirement of the immonium ion to ring closure and the absence of
other competitive reactions (for example, conversion of 21 to _2_% might well be de~
feated by a preponderant recombination of the enolate with the immonium).

EXPERIMENTAL

Mps were taken on a Kofler hot stage, uncorrected. IR spectra were recorded on
a Perkin-Elmer 399B instrument. MS were taken with VG ZAB-2F spectromster.HMR spectra
were measured in CDCl,; with B internal standard onJEOL FX- and FX-100 instruments.
Tlc silica G and preparative tlc silica GF 254 were manually plated using water or
0.5% aq. NaOH. The solvent systems used were s-1 (CHCl,/MeOH 9:11) and =-2 (CHCls;/

MsOH 95:5), with icdine or modified Dragendorff's reagent for spot allocation.

Hydrogenation of episcopalidine (2). To & suspension of Pt0: (10 mg) in HOAc(2 ml),

presaﬁr&?ea with %Erogan, was added 2(10 mg) in HOAc(3 ml). Hydrogenation was per~
formed for 2.5 h. Evaporation of the tered soln [gave a residue which was taken to
dryneass again after addition of water. Treatment with aq. emmonis and evaporation
%ave a white solid showing one spot (solvent system s~1) on tlec. HRMS §/ 2 505.2477
G,HyNOs reqs 505.2464) and other spectral data®showed the product to be 5.

Hydrogenation under 4.5 atm of H. was performed on 2(145 mg) in HOAc(30 ml)with
Pt0z (100 mg) for 29 h. Evaporation of the filtrate gave a colorless residue(280 mg)
?gowix)w two main spots on tlc (s~1). Preparative tlc (m-1) gave 6(80 mg) and 2
=g).
Recrystallisation of § from EtOH gave colorless needles, m.p. 229-231°C.'H NMR
(90 MH:) 0.96(%, d, J=7, 16-CHs ), 1.50%33, 8, 4=CH3), 2.10(3H, s, Oho), 2.50(3H,
s, N—Cﬁas 2.82(4H, s, DOwR), 2.56, 3.22(2H, y I=12, 19-H:), &.62(18, 4, JT=4.3,
3-8), 5.43(18, dt, J=h.3 & 2, D), ARMS m/s 511.2883(Q.E, N0 reqs 511.39%4).
CWR BQOO?E). 1744 (CuD) omi ™H NMR(90 MHg), 0.95(3H, d, Je?, 16~CH,),
1.50(3, s, 3), 1.95 M, s, OAc), 2.12(3H, s, §-CH,), 2.98(18, s, 83*33, 3.20
il il b S e P Gy i, 2D St
*:dropnni’:ion in %EOH at 3 atm. gave 4 as the'main product.
W. Tora soln of 2(10 mg) in MeCN(3 ml) were added Me3SiCl(1 ml) amd 1.5¢g
o ry » and the whole stirred at r.t. for 4 h. EYaporation gave a residue which



270 F.-P. Wang and X.-T. Lianc

was partitioned between aqg. ammonia and CHCl;. The organie layer was washed twice
with saturated Ra.COs/and dried over amnhyd, K,00s . Btripping of solventgave a light
yellow solid which was separated by preparative tlc(s-1) into three compounds. The
middle one was identified as 3, i.e., the HCl salt of 2.

The upper one was identified as 10, 'H NMR(90 MAs), 1.61(3H, =, 4-CH;), 1.82(%4,

d, J=1.2, 16-CH3), 2.05(, s, OAc), 2.75(%H, s, N-CHs3), 3.18(1H, s, 20-H), 3.32
3i92(28, ABg, J=12, 19-H.): 5.93(18, d, Jek.5, 3-H), 5.55(18, dt, Jes.5 & 2, 2-H),
2. 3801, 8.7 45-8),'7.50, 7.55; 7.97SE, m, ATH). HRMS m/3 503.Z308(G BN, reqs

The lower one was identified as 11, 'H NMR(90 MHz), 1.40(3H, s, 4-CH), 2.80(3H,
s, N-CH;), 4.36(1H, m, 2-H), 4.90(H, Ja5, 3-H), ;065('13 8, 15=C8-), 7.58, 7.62,
Ba0CH, 8, drs). AS /2 4&d (i 2), 34DlM=c B, 000,"5), 262(2); 279(7), 254(2), 185

Hetidine(]), 30 mg, was mixed with TeOH(50 mg)and Ac.0(2 ml) and heated on the
steam bath for 1 h. The cooled reasction mixture was treated with ice-water, basified
with ammonia and extrscted with CHOls (3%x20 ml). The (HOl; extracts after washing and
drying furnished ca. 80 mg of residue which waz processed with preparative tle. The
lower band was hetidine diacetate’ and the upper band was 12, HRMB m/z 441,2192
(C,HyNOc regs 441.2151). 'H NMR(90 MHs), 1.54(3H, s, 4-CH; ), 1.86(3H, &, Je1.2, 16~
GHy ), 2.03, 2.10;53 sach, s, OAc), 2.54(3H, 8, N-0%;), 3.44(1H, d, J=12, %,
4.6801H, d, Je4.5, 3-H), 5.42(1H, dt, J=4-5 § 2.2, 2-H), 5.58(7K, s, 15-H).

Sodium boroh de reduction of 2. The HC1 salt of 2(78 mg) was prepared by passing
gas into a soln o n Bt;0. To this solid was sdded NaBH, (145 ng) and IMP
(2 m1) and the whole stirred for 5 b at r.t. After storsge overnight in a refriger-

ator, the reaction mixture was neutralised with 6 N HC1l and aspirated to drynéss.
Basification and extraction with CHCls gave 70 mg of white solid. Preparative tle
(a-2) gave two products, 10(20 mg) md&}(;}? ).

Compound J1Q was characterised by 50;? and comparison of tlc and IR with a
specimen obtained above. a

Compound 4. IR (0B), 1750, 1729(C=0) om.'H NMR(90 MHx), 1.59(3H, 8y 4=~
CH3), 2.23(%H,"s, OAc), 4.21(1H, br s, 6-H) 4.95525, br 8, 17=CH.), 5.07¢1H, d,
9{81;-(2’})3"3)' 5.63(13, n, 2-H). M8 ﬂ 505(539 384 (100), 32u4(38), 284(2), 2561270

Ketalization of 2. A mixture of 2(120 mg) and TsOH(100 mg) in bensene (30 ml) was
heated under reflux for 5.5 h, using a Dean-Stark water-separator. Treatkent with
saturated aqg. MaHCO; and extraction with CHCl: gave 130 mg of residue. Prsparative
tlc(s-1) gave 13(ca. 20 mg) and A(so ng) g(traee). A had M8 mol. wt. 323 and B

365, yet to be characterized.
, 'H RMR(90 MHs), 1.38(3H, 8, 4~CH3), 1.66(3H, s, 16-CH,), 2.32(3H,
& N-Gip)y 3. 5CHE, g, J=s.5, 3'8), 4.1601H, m, 2-A). HRMS m/s 463.2532" LG, B, NO,
Teqs v -

Compound 9(410 mg) was dissolved in glycol(0.2 ml) and glacial HOAc(4 ml).
BF,~Et,0(0.2 mI) was then added under ice-cooling, and the mixture left at r.t.
for 15 min. The mixture was cooled again and basified, and extracted with CHCL
to give 152 mg of colorless solid. Preparative tlc gave 10(40 mg), 2(ca. 50 m=g) and
a fow mg of 1§ with M8 m/z 521(M} 4) 464(5), 400(M-C,H;000, 38), 382(#), 340(12).
The structure of 1€ was only tentative.

N-Demethylation of 2. A soln of 2(150 mg) in anhyd. benzene(6 ml) was mixed with
anhyd. K,00; (214 mg), freshly dist. ethyl chloroformate(3 ml) and a few drops of CHClL,

The whole was refluxsed for 5 h. The usual work-up and preparative tle (s-2) fur-
nished recovered 2(ca. 100 mg), isomerigation product JO(ca. 20 mg) and 20(35 mg).
The recovered 2 was originally present in the reaction mixture as the guaternary
methochloride of 4, which was very suscgggible to hydrolysis? 4

Compound 20, 1R, 1750, 1725(C=0); 1600, 1470, 7‘10(0.35(”0;; 1270, 915(=CH.) cm.
1H NMR(90 MHs)e 1.18(3H, s, 4=O0Hs), 1.20(3H, &, J=7.2, OCHsCHs), 1.98(3H, s, OAc),
3.40(14, 4, J=6, 20-H), 3,02, 3.52(2H, ABg, T=12, 19-H,), 4. 42(==H g, JI=7.2,
OCH.CHs), 4.78, 4.92(1H each, br s, =CH.), 5.04(1H, d, J=5.4, g—ai, 5.52(18, =, 2-H),
?.58-8.04(5H, m, Arl). HRMS m/z 561.2374(C H,NOs reqs 561.2362).

N-B;dﬁot%zlation. Compound 20(ca. 30 mg) was dissolved in EtOH(3 ml) containing

- . ene oxide, and allowed to stand overnight at r.t. The usual work-up
ave a4 yellowish solid which agreed with structure by its M8 behavior 1%: 533
%Mf 2), 502(90), 482(55), 460(18), 440(19), #12(3), 382(4), 356(63), "051 7.

Interconversion of ] and 24. A soln of 1(20 mg) in DMF(4 ml) was heated in an oil
bath at 740° & for 4 h, cooled, 20 mg of NaH added, and heated again for 80 min. Prep-
arative tlc(s-1) gave ca. mg of 24, MS m/z 358(M+1, 60), 357(M} 72), 340(12), 328
(22), 322(3), 313(5), o4}, 5), «208(31). In comparison, ] has normal M+4 in-
tensity, among other comspicuous differences.

Reflux in 10% methanolic NaOH also caused the formation of from 4.

Compound 24, when dissolved in & small amount of acetone, ac dified to pH 1-2
with conc. HCl and allowed to stand for several h, underwent almost complete rever-
sion to 1 as shown by tlc(e-1).

Preparation of 25 and its conversion to 22. Compound 5(385 mg) was dissolved in 60
n] of 10% methanolic NaOH snd allowed to stand for 90 min. Tlc(s-~1) showed cosmplete
transformation to 2% along with trace amounts of g The soln was then refluxed for
2h, sspirated to near dryness and extracted with CHCl, to give 236 mg of white foan
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which was separated by preparative tlc(s-1). There were zf:!ma obtained 2 25(187 ng)
|and 27(47 mg).
mpound » colorless rilms from acetone-methanol, m.p. 202-210°C. HRMS8
359.2108(G, H, 59. ; g 359(10), 342(58). (10) 52“(20) 316 7'
314(6), 284(2). 276?11 256(3 208 12), 182(11). IR(ﬁ.lm 5“5 -3359 05 y 1715
(C=0) cm 'H NMR(100 Mig), O .94{33 Ja7, 16~CHs ), 1.22
N-CH)), 2.92(1H, d, J=12, 19-H), St 4, T4.5, 3-11), T ‘54'(111 RN
Compound ﬁnscolorlou povdor tlc = ving 5 359.2119(G,,
zeqs 359209 s 359(82), ané(a). gao 316(1og 501 ), 300(6), OO
272(5), 256(4), 208718), 112(55), 96(160 0.4 (3H, a, J=7, 16~CH:),
40(3H, 8, 4=CHs), 2.32(, s, eo(an, ABq, Ja17, G20} 3050 (AR
8’ 3-H), 3. 95(‘13' do J-5 7, 2_3). ‘* 30(1H B, 20-H)~

Diacet;ate £§. Compound 25(ca. 100 ) was allowed to stand overnight in Ac,0(2 ml)
and pyridine(2 ml). Preparative tlm?a-a) gga (ca. 10 ng), M8 m/z 443(M, 11) 384
<1oo§ 359¢8). Hatin), 5aeCoe) e’ mm 06 Miz), 0.92(3H,
-7. 16-CH3 ;H 2. .09(3H each, 8, OAc), 2.50(3H, s, N-CH;),
3 22(1H, d, J=13, 19-3 N7 eo(m, 'a) 725,'3-R), 5.34(1H, =m, 2-H).

Monoacetate 28. Compound (60 mg) was allowed to atand overnight in Ac.0(2 ml) and

05“‘ 3H, B,

pyridine(1.5 ml). Pmparnt ve tlc(s-2) gave HRMS m/g 401.2196(C,H, NOs
reqs 401.2202). 3 14-01(48). 392(27), 358 S wa(aa 1T12), 312(125 264 (8)

256(6), 250(10)o 96(66), 43(100). 'H NHR( 00 MHsz 94(%, '7' CH3
1’ ng, 3, 4=CH,), .12%3}1 &, OAc), 2. 32(311. s, N-CH3), éao P o 8, 19-32),
3.97(1H, 4, J=5, 22H), 4.28(1H, s, 20-8), 4.50(74, 8, 3-R).

Reduction of 27. Compound 22(26 mg) was dissolved in MeOH(10 ml) and treated with
NaBH, (20 mg). One drop of H:0 was added and the reaction mixture allowed to stand
overnight, whereupon tlc indicated the complete consumption of . Tlc showed five
spots, the one with the highest Rf being isolated(ca. 7 mg) and ldentified as
“5 m/z 361(M, 24), 344(5), 332(16), 286(2), 258(2). 'H NHR(’lOO MEz), 1. 22(3!1. d,

'g 46~CHs ), 38(5H, 8, 4-CHs), 2.34(%H, 8, N-CHs), 2.50, 2 Za(zn, ABg, J=11, 19-
3.22(1H, B, 3-H), 3. 92(1H d J-5, 2-H), 4.00(1H, m, 13-H 4 50(1 v 8, 20-H .
Reversion of 27 to A soln of (5 ng) in acetone(2 ml) was acidified with conc.

to pH 1-2 and owed to stand for 5 h. The usual work-up gave a colorless gum
1dentified as 25 by tlc(s-1 & s-2), MS and IR.
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