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Abstraet--A general method for selective oxygenation of C-4-Me in triterpenes, leading finally to 4a-carboxyl/4a- 
hydroxymethyl functionalities, is described. The key-step involved is phytolysis of hypoiodite derived from 
3~-hydroxymethyl derivative of the triterpene. The method is illustrated by the conversion of cyclolaudanone (1) 
into methyl 3-oxo-cyclolaudan-29-oate (2). The latter has been converted into the known cycloeucalanone (3) by a 
simple sequence of reactions. 

A number of triterpenoids having a 4a-hydroxymethyl or 
4a-carboxyl function and the corresponding 4-desmethyl 
derivatives are known to occur in nature, t'2 As a matter 
of fact, demethylation at C-4 during the bioconversion of 
triterpene precursors to sterols (e.g. lanosterol ~ choles- 
terol) is known to proceed by way of 4a-Me hydroxy- 
lation. 3 Thus, 4a-Me oxygenation is an important 
biosynthetic operation, and it was the purpose of the 
present investigation to mimic this in the laboratory. 
Indeed, considerable effort in this direction has been 
expended earlier by several groups. However, most of 
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the known methods for the functionalization of a C-4 Me 
group, whether proceeding via 3,4-secotriterpenoids 4-7 
or directly 8-H suffer from one or more of the following 
shortcomings: the methods either require difficulty ac- 
cessible starting materials obtainable by multi-step 
sequences (from the triterpene), or were non-regioselec- 
tive or gave poor yields. We now describe a general, 
reasonably efficient method for the functionalization of 
4a-Me group (in triterpenoids) with high regioselectivity: 
specifically, cyclolaudanone (1) has been converted into 
methyl 3-oxo-cyclolaudan-29-oate (2) and thence into the 
known ~2 cycloeucalanone (3). 

Strategy 
It was envisaged that photolytic decomposition of 

hypoiodite ~3 derived from an OH function suitably dis- 
posed with respect to the 4-Me in a triterpene, could 
result in the desired functionalization. The structural and 
stereochemicat requirements of such reactions have been 
extensively studied, ~3't4 and it is well-recognized that the 
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reaction proceeds well in the desired direction only if the 
internuclear distance between the O and the concerned C 
falls between 2.5-2.7 A °, and a 6-membered chair con- 
formation transition state is possible. 

In terms of above considerations, molecular models 
(Dreiding) of three possible substrates (4-6) for func- 
tionalization of C-29 Me in cyclolaudane, were 
examined. 2a-Hydroxycyclolaudane (4) can fulfil the 
requirements albeit after forcing ring A into a boat-like 
conformation 15 (as in 7); this, however, does not appear 
to be a significant constraint, as cases of efficient func- 
tionalization of an unactivated carbon requiring chair-> 
boat flipping are on recordJ 6 3a-Hydroxymethylcyclo- 
laudane (5) would appear to be ideal for the purpose on 
hand. On the other hand, the 3fl-epimer (6) can adopt 
conformations (8,9) so as to functionalise either of the 
two Me groups at C-4. However, a closer scrutiny 
reveals that functionalisation of C-29 Me should be pre- 
ferred for the following reasons: (a) in conformation 8, 
the 6-membered transition state simulates a trans-fused 
relationship with ring A and hence should experience 
less 1,3-diaxial type interactions and should be preferred 
over 9 which has a similar "cis-fused" disposition, (b) in 
8 C-OH (of CH2OH group) is flanked (10) by a "small" 
(H atom) and a "large" (C-4) groups in contrast to 9 in 
which these groups are "medium" (C-2) and "large" 
(C-4) (see 11). 

From practical considerations, it was obvious that the 
choice of 6 would only be appropriate. However, 4 was 
also synthesised and examined for the functionalisation 
reaction and the results fully vindicate the reasoning 
given above; for obvious reasons no attempt was made 
to pursue further transformation of this product to the 
desired goal. 

RESULTS 

Synthesis and fanctionalisation reaction of 2a-hydroxy- 
3/3-methylcyclolaudane (14) 

Treatment of cyclolaudanone (1) with 
methylenetriphenylphosphorane yielded 12 (84%), which 
readily isomerised on exposure to silica gel to furnish 13 
(91%). Hydroboration of 13 with a stoichiometric quan- 
tity of Bell6 gave, as expected, an epimeric mixture, in 
which the required 2a-isomer (14) predominated (75%; 
9: 1, PMR). Assignment of stereochemistry to 14 rests on 
the expected preferential attack of the reagent from the 
a-face of the molecule and the PMR spectral charac- 
teristics ~v C IJOH; (Table 1) of the two isomers. 

Irradiation of 14 in presence of Pb(OAc)4 and I2, 
followed by Jones' oxidation of the product, gave a 
compound, characterised as the lactone 15 (40%) on the 
basis of analytical and spectral data. IR: ~,-lactone, 
1782cm-1; PMR (Table 1), CH_ OCO (1H, bd, 4.33 ppm, 
J = 4 Hz). That 15 has the stereochemistry shown, fol- 
lows from that of the substrate (14). 

Synthesis and [unctionalization reaction of 3fl- 
hydroxyalkylcyclolaudanes 

In the initial phases of this work hydroxyethyl alcohol 
(17), rather than the hydroxymethyl alcohol (6), was 
selected as the substrate. The choice was dictated by the 
expected more efficient Baeyer-Villiger oxidation of the 
intermediate carbonyl compound (Fig. 1), when it was a 
methyl ketone (20), rather than an aldehyde (21). Ad- 
ditional consideration was regioselectivity for the inter- 
mediate ether to lactone (18/19) oxidation. Added 
stereochemical complexity in 17 was considered unim- 
portant, as the new centre will be finally lost. However, 
the route from the hydroxymethyl alcohol (6) was, 
finally, found to be much more convenient. Figure 1 
depicts the reaction sequence employed. 

Cyclolaudanone (1) on exposure to ethyl- 
idenetripenylphosphorane gave a mixture of olefins 
16 (E/Z) which on hydroboration, followed by oxi- 
dative (H202) work-up gave, as expected, a mixture 
of four alcohols, which were separated. The most abun- 
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dant alcohol (17, m.p. 145-148°; 32R) TM was assigned 
3B-contignration, in view of the preferred a-face attack 
in such systems. 'S This alcohol when irradiated in 
presence of Pb(OAch and I2 furnished an iodotetra- 
hydrofuran, which without isolation was oxidised (Jones' 
reagent) to get the desired lactone 18 (32R) in ~ 50% 

yield: C--O (IR; 1773 cm-'), CH(Me) OCO (PMR: IH, m, 
4.10--4.40 ppm). The formation of a tetrahydrofuran or an 
iodotetrahydrofuran is largely dependent 13'~4 on the 
conformation of the intermediate iodohydrin radical of 
the type 22. In the present case, of the three con- 
formations (22a-22c) relevant to our discussion, 22c 

Table 1. PMR spectral characteristics of various cyclolaudane derivatives 

Compound 

Chemical shift in ppm (6) 

Cyc lo~ropyl C-Me ' s § 
CH 2 

other signals ~ 

Cyclolaudanone (i_) 0.56, >0.75 ~ 

3 -Methylenecyclolaudane ( 12 ) 0.40, 0.67 

3-Methylcyclolaud-2-ene ( 13 ) 0.33, 0.62 

20-Hydroxy-3s-~ethylcyclo- 0.38, 0.53 
laudane 

2a -Hydroxy- 38 -methy icyclo- 0.36, 0.56 
laudane (14) 

Lactcr~ (15.__) 0.11,>0.75 ~ 

3~ -Hydroxymethylcyclo im ~ ne 0.33, 0.57 

38-~icyclola,~ne (6) 0.33, 0.53 

Lactone (19__) 0.18,>0.78 ¶ 

Methyl 38-hydroxymethylcyclo- 0.36, 0.56 
laudan- 29-oate (23__) 

Methyl 38-formylcyclolaudan- 0.37, 0.60 
2 ~  (21__) 

Methyl 3-o)~cyclolaudan- 29- 0.55,>0.78 ~ 
oate 
32R- 38- (l-Hydroxyethyl) cyclo- 0.31, 0.53 
laudane (17) 
Lactone i_~-- 0.22,>0.77 ¶ 

Methyl 36(l-hydroxyethyl)- 0.27, 0.50 
cyclolaudan-29-oate (24) 
Methyl 38-acetylcycl~audan- 0.31, 0.54 
29-oate (20) 
Methyl 38---hydroxycyclolaudan- 0.32, 0.58 
29-oate (25___) 

Diester 26 0.36, 0.58 

Cycloeucalanone (3--) 0.32, 0.62 

0.84,0.92,1.0,1.07 

0.78,0.84,0.91,i.0,i.08 

0.84,0.93,0.94,1.0 

0.76,0.81,0.84,0.93, 
0.98,1.07 

0.71,0.84,0.93,0.98,1.02 

0.76,0.82,0.84,0.89, 
0.96,1.08 
0.78,0.85,0.91,0.93, 
0.99,1.0 
0.71,0.78,0.85,0.93,0.94 

0.78,0.84,0.93,0.96,1.09 

0.76,0.84,0.91,0.98,1.09 

0.78,0.84,0.93,0.97,1.07 

0.78,0.84,0.91,0.96,1.0 

0.78,0.84,0.87,0.92, 
0.98,1.02 
0.77, 0.78,0.84,0.91, 
0.93,1.11 
0.70,0.72,0.78,0.86, 
0.91,1.03 
0.70,0.78,0.84,0.89,0.98 

0.72,0.80,0.87,0.92,1.07 

0.76,0.82,0.90,0.93,1.02 

0.77,0.84,0.93,1.02 

~,bs,4.62&4.69 

C=C,s,I.69; 
,m, 5.20-5.42 

CHOH, m, 3.64-3.84 
W%c~z) 

CHDH,m, 3.20-3.50 
~i~) 

_C~CO ,bd, 4.33 (J=4Hz) 

CH_2OH ,m, 3.61-3.90 

CH_2OH,m, 3.70-3.98 

~_20CO,m, 3.78-4.28 

C~0H,d,3.47 (J=8Hz) ; 
C02CH_3,s, 3.71 

C02C~3, s, 3.74 ~CHO - , 
s,9.46 

48-CR3,S, i. 33; C02CH_3, 
s, 3.73 
CHO_ H,m, 3.55-3.75 

-O,d,l. 37 (J=6Hz) ; 
,m,4.13-4.38 

C~2CH_3, s, 3.60 

(I)CH3, s, I. 96; C02C~_3, 
s,3.64 
C02CH_3, S, 3.68 )C~_ H, 
m, 4.0-4.18 

CO2CH_3, singlets at 
3.60--and 3.67 

§Each sxgnal integrates f~r IH and xs a doublet (J--4Hz). 
Includes all the signals due to -C-Me's and HC-Me's. 

+Signals are denoted by s, singlet, d, doublet, m, multiplet and b, broad. 
IMasked under other lower field signals. 
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Fig. 1. 4a-Methyl functionalisation in cyclolaudane and synthesis of cycloeucalanone (3). 

would be preferred (because of fewer non-bonded inter- 
actions)--a situation, known to favour formation of 
iodotetrahydrofurans. " ' '4 

Likewise, olefin 12 on hydroboration with 9-borabicy- 
clo[3,3,1]-nonane (9-BBN), 2° followed by oxidation, gave 
a mixture (86%) of 3a- and 3B-hydroxymethyl deriva- 
tives in which the latter (6) predominated (15:85). 2~ The 
stereochemical assignments for these alcohols were 
confirmed by their 13C-NMR spectra [_CH2OH: B-isomer 
(equatorial), 61.4 ppm; a-isomer (axial), 64.Sppm; see 
Ref. 22], as well as PMR spectra of the corresponding 
aldehydes, obtained by CrO3-pyridine oxidatioa [C_HO: 
B-isomer (equatorial), 9.77ppm; a-isomer (axial), 
10.00ppm; Table 1; see Ref. 23]. Irradiation of 6 in 
presence of Pb(OAc)4 iodine, followed by oxidation, 
gave a product from which the required lactone 19 (IR: 
C=O 1779 cm-L PMR: C_H2OCO, 2H, m, 3.78--4.28 ppm) 
was isolated in -50% yield. 

Conversion of lactones 18, 19 to cycloeucalanone (3) 
The fact that in both lactones (18,19) it is 4a-Me that 

has been functionalised becomes clear from the spectral 
data collected for the intermediates during their con- 
version to the B-ketoester (2), as described below, as 
well as their ultimate transformation to cycloeucalanone 
(3). 

Lactone 19 was hydrolysed and esterified (CH2N2) to 
give hydroxy ester 23. The methoxycarbonyl group in 23 
was easily assigned s-configuration based on its spectral 

characteristics. IR: C--O 1720cm -~, C-O 1245cm -~ (no 
adsorption due to an axial CO2Me 24 at 1155 cm '); PMR: 
(Table 1), cyclopropyl C_H~ (0.30 and 0.56ppm) 
experience no upfield shift expected from an axial 
CO2Me group. 25 The most convincing evidence was 
provided by the appearance of a signal at 10.34 ppm in 
~3C-NMR of 23 because in 3B-hydroxy-triterpenoids 
carrying 4,4-dimethyl groups, 4B-methyl C atom signal 
appears comparatively upfield (14.00-16.00 ppm) 19'26 and 
a further upfield shift of -5.0 ppm is observed ~9 when 
4a-Me group is replaced by 4a-CO2Me group. 

Oxidation of 23 with CrO3-pyridine, smoothly fur- 
nished the corresponding formyl ester 21 (IR: CHO 2710, 
1728 cm-L PMR: CH.O, 1H, s, 9.46 ppm). This was con- 
verted into the corresponding enarnines (E/Z) which 
were directly oxidised (Na2Cr2OT-AcOH) to furnish the 
desired fl-keto ester 2 (IR: C=O 1705cm-~; COzMe 
1735 cm ]) in an overall yield of 50% from the hydroxy 
ester 23. 

The/3-keto ester (2) was also obtained from the lactone 
18 which was hydrolysed and esterified (CHzN2) to give 
the hydroxyester 24 (IR: OH 3470cm-'; C=O 1715 cm-',  
C-O 1251 cm-~). The latter was oxidised to the keto ester 
20 (IR: C=O 1705 cm-'.  PMR: CO_M_e 3H, s, 1.96 ppm; 
COCH IH, t, 2.91 ppm; Table 1) Baeyer-Villiger oxida- 
tion27-(BF3.Et:O-H202) of 20, followed by hydrolysis 
and reesterification (CH2Nz) gave a mixture of methyl 
3fl-hydroxycyclolaudan-29-oate 25 (PMR: CH_OH, 2H, 
m, 4.0--4,18ppm, Table 1) and the diester 26 (PMR: 
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CO2 _Me_, two 3H singlets at 3.60 and 3.67 ppm). Oxidation 
of 26 with Jones' reagent gave the//-ketoester 2 which 
was identical with that obtained from lactone 19. 

Exposure of 2 to NaCN in hexamethylphosphoric tri- 
amide resulted 2s in hydrolysis with concomittant decar- 
boxylation to furnish the known ~2 cycloeucalanone (3) in 
81% yield: m.p. 109-110 °, [a]D+49.7 ° (CHCI3). (Lit.~2: 
m.p. 107--1080, [ot]D + 49.0 °. 

EXPERIMENTAL 
All m.ps are uncorrected. Light petroleum refers to the frac- 

tion of b.p. 60--80 °. Optical rotations were measured in CHCI3 on 
a Schmidt-Haensch electronic polarimeter (model Polartronic-I). 

The following instruments were used for spectral/analytical 
data: Perkin Elmer spectrophotometer model 402 (UV); Perkin- 
Elmer Infracord model 267; Perkin-Elmer model R32 (90 MHz) 
NMR spectrometer; Varian Mat CH7 mass spectrometer (70 eV, 
direct inlet system). While summarising mass spectral data, 
besides the molecular ion, nine most abundant ions (m/e) are 
reported with their relative intensities (Table 2). 

Silica gel for column chromatography ( -  100, + 200 mesh) was 
washed with hot water till sulphate-free, dried and activated at 
125-130 ° for 6hr and standardised. 33 Tic was carried out on 
SiO2-gel layers (0.25 mm) containing 15% gypsum and activated 
at 110-1150 (2hr). 

Cyclolaudanone (1). A soln of cyclolaudanol ~ (21.0g, 
0.047 mole) in a mixture of acetone-isopropyl ether (1:1, 160 ml) 
cooled to 00, was treated (N2) with Jones' reagenP ° (40 ml). The 
mixtur: was stirred (1 hr), diluted with water (150 ml) and worked 

up in the usual manner to give a product which was crystallised 
from Et20-MeOH to furnish 1 (18.8g, 90%), m.p. 107-109 °. IR 
(CCI4): C=O 1700cm -l. (Found: C, 84.70; H, 12.03. C3mH520 
requires: C, 84.55; H, 11.83%). 

3-Methylenecyclolaudane (12). To a suspension of methyl- 
triphenylphosphonium iodide (18.6g, 0.046mole) and t-BuOK 
(5.1 g, 0.046 mole) in 100ml of anhydrous THF was added (300, 
N2, 0.5 hr) a soln of 1 (14.0g, 0.032 mole) in THF (40ml). After 
stirring (30 °) for 2.5 hr, most of THF was distilled off and the 
residue was worked up in the usual manner to give a product 
which was chromatographed over SiO2-gel (I, 3.5 cmx 30 cm). 
Elution with light petroleum provided the desired olefin 12 
(ll.7g, 84%), m.p. 100-1020 (Et20-MeOH). IR (CC14): C=CH2 
1640, 896 cm -t. (Found: C, 87.50; H, 12.21. C3eH~ requires: C, 
87.67; H, 12.33%). 

3-Mahylcyclolaud-2-ene (13). A soln of 12 (6.0g, 0.014 mole) 
in light petroleum (20 ml) was loaded on a SiO2-gel column (50 g, 
2.3 cm × 25 cm) and allowed to stand for 0.5 hr at room temp 
(27°). The column was then eluted with light petroleum (200 ml) 
and the eluate stripped free of solvent to provide 13 (5.5 g, 
91.6%), m.p. 123-1250 (Et20-MeOH). (Found: C, 87.54; H, 12.12. 
C32H~ requires: C, 87.67; H, i2.33%). 

Hydroboration of olefin 13. To a cooled (0-5 °) soln of the 
olefin 13 (5.0g, 0.011 mole) in dry THF (100ml) was added a 
stock soln of diborane (5.86%, 1.4 ml, 0.0057 mole) and the con- 
tents were stirred ( - 27 °) for 5 hr. After cooling (0°), the mixture 
was decomposed with water (5 ml) and then treated with 3N 
NaOH aq (7.5 ml) and H202 (30~ w/v, 7.5 ml). It was stirred 
( -27 °) for 4 hr, diluted with water (50 ml) and extracted with 
ether (100ml × 3). Usual work-up furnished a semisolid (3.9g) 
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Table 2. Mass spectral data for various cyclolaudane derivatives 

Compound m/e (%) 

Cyclolaudanone (i_) 

3-Me thyl enecyclo laudane (12) 

3-Methylcyclol aud-2-er~ (13) 

2c~-~-38-methylcyclo- 
laodane (14._!) 

Lactone 15 

3 a-Hydroxymethy Icyclol audane 

38 -Hydroxymethylcyc io laudane (6) 

Lactone 19 

Methyl 38-hydrc~Icyclo- 
laudan-29-oate (23__) 

Methyl- 3-oxocyclo laud- 29-cate (2) 

32R-38- (l-Hydroxyethyl) cyclo- 
laudane (i_~7) 

Cycloeucalanone (7_) 

440(M+,I00) 426(431, 313(83), 121(32), i09(60), 
i07(34), 95(60), 83(32), 71(36), 69(38). 

438(M+,75) 312(52), 135(52), 121(64), 109(75), 
107 (64), 95 (i00), 83 (49), 81(44), 69 (45). 

438(M+,I00) 424(28), 423(62) 311(18), 136(16), 
135 (75), 133 (16), 121 (16), 109 (23), 95 (23). 

456(M+,I00) 441(51), 438(51) 329(51), 302(42), 
175(43), 163(40), 109(55), 95(85), 71(64). 

468~4+,96), 341(100), 121(40) 109(35), 107(49), 
95(72), 93(28), 81(35), 69(30), 55(35). 

456 (M+, i00) 442 (49) ,441 (77) 329(32), 302(54), 
175(43), 121(32), 109(48), 107(34), 95(71). 

456(b~,i00), 442(49), 441(70) 329(59) 302(59), 
175 (38), 121 (33), 109 (51), 107 (35), 95 (75). 

468(M+,55), 454(21), 453(12) 342(27) 341(100), 
192(19), 163(12), 109(13), 107(15), 95(22) 

500(M+,82), 486(45), 441(54) 373(57) 341(39), 
121(44), 109(55), 107(53), 95(100), 81(42) 

484(M~,I00), 470(39), 425(50) 397(46) 358(28), 
357(96), 302(33), 297(35), 175(28), 95(33). 

470~4+,13), 123(27), 121(32) 109(47) 107(44), 
95(100), 83(24), 81(44), 71(35), 69(80). 

426(M+,I00), 411(24), 299(74) 136(33) 123(36), 
121(29), 109(33), 107(34), 95(59), 81(28). 

which was chromatographed on SiO2-gel (II, 2.7 cm × 55 cm) with 
tic monitoring (solvent, C6H6): (i) 10% light petroleum in C6H6, 
100mlx6, 0.39g of 2B-hydroxy-3a-methylcyclolaudane, R~: 
0.3, m.p. 121-123°; (ii) 10% light petroleum in C6H6, 3.51 g of 14, 
Rt: 0.25, m.p. 132-134 (EtzO-MeOH), IR (CCI~): OH 3600 cm-% 
(Found: C, 84.53; H, 12.49. CnH560 requires: C, 84.21; H, 
12.28%). 

Photocyclisation of alcohol 14. A mixture of alcohol 14 (4.0 g, 
0.088mole), Pb(OAc)4 ( l l . lg ,  0.025mole) and iodine (2.9g, 
0.011 g atom) in anhydrous cyclohexane (200 ml) was stirred (N2) 
and irradiated, with a 100watt tungsten lamp, from below till 
refluxing ensued. The reaction mixture was irradiated and 
refluxed for a total of 2.5 hr after which it was cooled and 
filtered. The residue was washed with cyclohexane (100 ml). The 
combined cyclohexane extracts were washed with 10% Na2S203 
aq (50 ml), followed by water (75 ml × 2) and brine (25 ml) and 
passed through a small bed of anhyd Na2SO4. To the filtrate, 
pyridine (3 ml) was added and the solvents were removed by 
distillation under reduced pressure (100ram, 30°). The residue 
was dissolved in acetone (5 ml), cooled to 0 ~ and treated with 
Jones' reagent (10ml, 5min). The mixture was stirred for l hr 
and worked up in the usual manner to give a gummy product 
which was chromatographed over SiO2-gel (II, 2.5 cm x 50cm) 
with tic monitoring (solvent, C6H6): (i) C6H6, 50 ml × 6, 1.63 g of 
lactone 15, R t, 0.25 (ii) EtOAc, 50 ml × 7, 2.5 g, mixture of more 
polar compounds (not investigated further). Frac. (i) was crystal- 
lised from EhO-MeOH to give 15 (39.8%), m.p. 187-189 °. 
(Found: C, 82.37; H, 11.40. CnH5202 requires: C, 82.05; H, 
11.11%). 

Hydroboration of oletfn 12. With B2H6: Olefin 12 (5.0g) was 
treated (N2, -27  °, 12 hr) with diborane (5.86%, 1.7 ml) and after 
decomposition with water (5 ml), was oxidised (3N NaOH aq, 
7.5ml; 30% HzO2, 7.5ml; 25 °, 4hr). Usual work-up gave a 

semisolid (3.73g) which was chromatographed on SiOz-gel (I, 
2.7 cm × 55 cm) while monitoring with tic (2% EtOAc in C6H6): (i) 
light petroleum, 100ml×5, 0.11g of 12; (ii) C6H6, 50mix 10, 
0.96g of a solid, Rf: 0.37; (iii) C6H6, 50ml x 3, 0.21 g mixture, Rf, 
0.37 and 0.33; (iv) C6H6, 50ml× 12, 2.45 g, solid, R f 0.33. Frac. 
(ii) was crystallised from Et20-MeOH to give 3a-hydroxy- 
methylcyclolaudane, m.p. 136--38 °. IR (Nujol): 3260, 1035 cm -1 
(Found: C, 84.47; H, 12.38. CnH560 requires: C, 84.21; H, 
12.28%). Frac. (iv) was crystallised from EhO-MeOH to yield 
3fl-hydroxymethylcyclolaudane (6), m.p. 153-155 °. IR (Nujol) 
OH 3300, 1040cm -~ (Found: C, 84.37; H, 12.36. C32H560 
requires: C, 84.21; H, 12.28%). 

With 9-BBN. Hydroboration with 9-BBN z° gave a mixture 
(15:85) of 3a- and 3fl-hydroxymethylcyclolaudanes (85%). 

Photocyclisation of alcohol 6. A mixture of 6 (l.9g, 
4.16mmole), Pb (OAc)4 (5.4g, 12.19mmole) and (1.39g, 0.011 g 
atom) in cyclohexane (150 ml) was irradiated and worked up as 
described earlier to furnish a brown gum (2.2g) which was 
chromatographed over SiO2-gel (II, 2 cm × 50 cm) while monitor- 
ing with tic (2% EtOAc in C6H6); (i) C6H6, 50 ml × 5, 0.9 g solid, 
Rt: 0.34; (ii) EtOAc, 100ml×2, 1.15g, mixture of more polar 
compounds. Crystallisation of frac. 6) from EhO-MeOH fur- 
nished lactone 19 (46%), m.p. 205-207 ° (Found: C. 82.28; H, 
11.19; CnH5202 requires: C, 82.05; H, I1.11%). 

Methyl 3fl-hydroxymethylcyclolaudan.29-oate (23). The lac- 
tone 19 (423 mg) was hydrolysed by refluxing (N2, 3.5 hr) with 
10% KOH ethanolic (15 m[) and after the usual work up with 
ether, the resulting hydroxy acid was esterified (CH2N2) to yield 
23 (400 mg, 88.5%), m.p. 165-167 ° (EhO-MeOH). IR (CC14): OH 
3600cm-% CO2Me 1720, 1245cm 1. 13C.NM R (CDC%); 4fl-Me_ 
(10.4ppm), CO2_Me (51.6ppm), _CH~OH (64.5ppm), _CO2Me 
(178.7 ppm). (Found: C, 79.05; H. 11.19. C35H5603 requires: C, 
79.20; H, 11.20%). 
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Methyl 3[3-[ormylcyclolaudan-29-oate (21). To a stirred soln of 
CrO331 (0.4 g, 4 mmole) and pyridine (0.3'16 g, 4 mmole) in CH2C12 
(25 ml) cooled to 250 was added in one lot a soln of 23 (0.2 g, 
0.4 mmole) in CH2CI2 (2 ml) and the mixture was stirred (25 °) for 
l hr. Usual workup gave a solid which was crystallised from 
Et20-MeOH to give the formylester 21 (0.156g, 78%), m.p. 
116-119 °. IR (CCI4): CO2Me 1735, 1250cm -1. (Found: C, 79.69; 
H, 11.03. C33H5403 requires: C, 79.52; H, 10.84%). 

Methyl 3-oxocyclolaudan-29-oate (2). A mixture of for- 
mylester 21 (100 rag, 0.2 mmole), piperidine (85 rag, I mmole) and 
molecular sieves (5A-type, 7 g, activated at 3300 for 8 hr) in 
benzene (20 ml) was stirred (N2) at room temp. (27 °) until aliquots 
showed the absence of formyl proton in PMR (12hr)) 2 The 
mixture was then filtered and molecular sieves were washed with 
ether. The removal of solvents from the combined organic 
extracts gave a mixture of enamines which were redissolved in 
benzene (2.5ml) and added dropwise (lhr) to a soln of 
Na2Cr207'2H20 (150 rag) and AcOH (5 ml) in benzene (7 ml) at 
0 °. The mixture was further stirred (12 hr) at 30-350 and diluted 
with water (75 ml). The organic layer was washed with 10% 
NaOH aq (20 ml) and water (20 ml x 3) and dried. Removal of 
solvent and chromatography of the residue on alumina-II gave a 
product which on crystallisation from Et20--MeOH gave 2 
(62rag, 63.8%), m.p. 146-147 °. (Found: C, 79.52; H, 10.83. 
C32H5~O3 requires: C, 79.34; H, 10.74%). 

3[3-(1-Hydroxyethyl)cyclolaudane (17). A soln of 1 (8.18, 
0.018 mole) in THF (20 ml) was added in one lot to a suspension 
of ethylidenetriphenylpho~phorane (0.033 mole, prepared from 
ethyltriphenylphosphonium iodide and t-BuOK) in THF (60 ml) 
at 35--40 o and stirred at the temp for 24 hr. After refluxing for 6 hr 
the mixture was worked up in the usual manner to obtain a 
brown gummy product (16.5 g) which was chromatographed on 
SiO2-gel (II, 3.5 cm × 25 cm) using light petroleum as eluant to get 
a colourless product (7.9 g) which was found to be a mixture of 
two compounds (R~: 0.48 and 0.58) by tic (SiO2-gel-15% AgNO3: 
solvent C6H6-1ight petroleum 1:1). 

A part (2.68 g, 0.6 mmole) of mixture of olefins (16) obtained 
above was dissolved in THF (20 ml) and a soln of diborane 
(0.24mmole) in THF (3 ml) was added to it in one lot. The 
mixture was stirred (25 °) for 12 hr, cooled (0°), water (5 ml) added 
(dropwise, 10 rain) followed by 3N NaOH aq (10 ml) and H202 
(30%, 10 ml), stirred (30 °, I hr) and extracted with ether (100 ml x 
3). The ether extract was worked up as usual to get a white solid 
(2.65 g); the latter was shown to be a mixture of four compounds 
(Rr: 0.37.0.47, 0.52 and 0.67) by tic (SiO2-gel; solvent 2% EtOAc 
in C6H6) and was chromatographed over SiO2-gel (II, 2.5 cmx 
80 cm): (i) light petroleum, 200 ml × 5, 20 mg of unreacted olefins; 
(ii) C6H6, 50m1×5, 150rag, R s 0.67 (iii) C6H6, 20ml, 57rag 
mixture of two compounds, RI: 0.67 and 0.52; (iv) C6H6, 20 ml x 
2, 180 mg, Rt: 0.52; (v) C6H6, 20 ml x 5; 286 mg, mixture of two 
compounds, Rj 0.47 and 0.37; (vi) C6H6, 20 ml x 5, 275 rag, mix- 
ture of two compounds, R; 0.47 and 0.37; (vii) C6H6, 100 ml × 5, 
1.265 g, R t 0.37. 

Frac. (ii) was crystaltised from Et20-MeOH to give 32R-3a(1- 
hydroxyethyl)cyclolaudane, m.p. 117-118 °, [a]t~+56 (c, 0.7). IR 
(Nujol): OH 3400 cm -t. Frac. (iv) was crystallised from MeOH to 
give 32S-3/3-(1-hydroxyethyl)cyclolaudane, m.p. 158--160 °, [a]D + 
64 ° (c, 0.87). IR (Nujol): OH 3490cm -~. (Found: C, 83.77; H, 
12.76. C33H3sO requires: C, 84.24; H, 12.34%). Frac. (vii) was 
crystallised from EhO-MeOH to give 32R-3fl-(l-hydroxyethyl)- 
cyclolaudane (17), m.p. 145-148 °, [a]D+ 55 o (C, 0.97) (Found: C, 
83.60; H, 12.95. C33HsaO requires: C, 84.24; H, 12.34%). 

Photocyclisation of alcohol (17). A suspension of 17 (500 nag), 
Pb(OAc)4 (4.0g), 12 (500gin) and CaCO3 (2.0g) in cyclohexane 
(100 ml) was irradiated with 250 watt tungsten lamp. The mixture 
was maintained at reflux till the colour of I2 was discharged 
(1.5 hr). After cooling, it was worked up as usual to give a 
gummy product (700 rag) which was chromatographed on SiO:- 
gel (II, 1.5 cm × 25 era): (i) C6H6, 50 ml x 4, 240 mg, lactone 18. (ii) 
EtOAc, 50 ml x 4, 420 rag, mixture of polar compounds, not in- 
vestigated further. Frac. (i) was crystallised from EhO--MeOH to 

give pure lactone 18, m.p. 176-77 °. (Found: C, 82.28; H, 10.95. 
C33Hs402 requires: C, 82.16; H, 11.20%). 

Conversion of lactone lg to ~-ketoester 2. Lactone lg (200 rag) 
was hydrolysed with 5% KOH ethanolic (10 ml, 2 hr), worked up 
in the usual manner and esterified (CH2N2) to give 24 (185 rag). 
IR (Nujol) OH 3470 cm -~, CO2Me 1715 cm -1. 

The hydroxyester obtained above was dissolved in acetone 
(10 ml) and oxidised with Jones' reagent (2 ml). Usual work-up 
and crystallisation of the product from Et20--MeOH gave 20 
(180mg), m.p. 145-148 °. IR (Nujol) C--O 1705cm-1; CO2Me 
1728 cm -~. 

A soln of 20 (100rag) in ether (1 ml) was added to BF3"Et20 
(2 ml) and H202 (95%, 0.5 ml) in Et20 (10 ml). The mixture was 
stirred (25 °) for 4 hr and worked up to give a gummy product 
(95 rag) which was hydrolysed with 5% KOH ethanolic (10ml, 
reflux, 2 h  r )  and the product after work-up was reesterified 
(CH2N2). The mixture (90rag) obtained was chromatographed 
over SiO2-gel (If, 1.0 x 10.0 cm): (i) C6H6, 25 ml x 2, 50 rag, diester 
26; (ii) 9:1 C6H6-EtOAc, 30 mg, hydroxyester 25. 

Hydroxyester 25 in acetone (10ml) was treated with Jones' 
reagent (2 ml) at 250 for 2 hr. Usual work-up and crystallisation of 
the product from Et20-MeOH gave 2 (29 rag) which was iden- 
tical (m.p., IR, PMR) with that obtained from lactone 19 (vide 
supra). 

Cycloeucalanone (3). Compound 2, (50 rag,0.1 mmole) was added 
(N2) to a soln of NaCN (10rag, 0.2mmole) in hexamethyl- 
phosphoric triamide (7 ml) at 75 o and the mixture stirred at that 
temp for 3 hr. After cooling, it was poured into 2N HCI aq 
(20 ml), the aqueous layer was saturated with NaCI and extracted 
with ether (20 ml x 4). The ether layer was washed with brine 
(20 ml x 5) and dried. Removal of solvent gave a product (45 mg) 
which was passed through a small bed of SiO2-gel using light 
petroleum to get cycloeucalanone (3, 35 rag, 79.5%), m.p. 109- 
110 °. IR (CCI4): C=O 1709 cm -1. 
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