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Abstract. Alkylahon of the hthto-demethylseleno-denvahve of seleno-acetal 11 with chloromethyl 
tsopropyl ether [shown by NMR to grve the (225)methylseleno-compotmd 13a as the major 
drastereotsomer] is the key reaction m the synthesis of the 24-oxa analogue (MC 1090,S) of la- 
hydroxyvmunm D3 (4) The metabohsm of 8 to calcrtrotc acid (7) is demonstrated in vttro in a 
hepatocyte cell (Hep 3B) model This supports the hypothesis that 8 can undergo enzymatrc 25- 
hydroxylahon analogous to the acbvahon of 4, or a similar side cham hydroxylation, but then 
short cuts the target cell side cham cleavage pathway takmg la,25-dthydroxyvrtamm Da to 7. 

Vitamin D, (l), formed naturally m the skm by (photo- followed by thermal-) lsomensatron of 7- 

dehydrocholesterol, 1s transported bound to a protein m the plasma to the liver where 25-hydroxylatton 

occurs, the first step of its metabolic achvatlon reqmred for function Further metabolism of 25- 

hydroxyvnamm D3 (25-OH-D3, 2) to the hormonally active la,25-dthydroxyvrtamm Da (1,25-(OH)z-Ds, 3) 

takes place in the kidney and IS under stnct feedback regulation The mteractton of 1,25-(OHk-Da with a 

spectfic receptor present m the classical target cells (mtestme, bone, kidney) mlhates a cascade of events 

resultmg m the transport of calcium ions necessary for homeostasls I Target cell catabolism of 1,25-(OH),- 

D3 (3) by 1,25-(OH),-Da -inducible enzymes IS believed to proceed sequentrally vza the 24(R)-hydroxy-, 

24-0x0-, and 23(S)-hydroxy-24-oxo-denvauves to the inactive, side chain cleaved C, compound calcrtrorc 

1 X=Y=H Vttamm D, 

2 X = H, Y = OH 25-OH-D, 

3 X =Y=OH 1 ,25-(OH),-Da 

4 X = OH, Y = H 1 a-OH-D, 
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Scheme 1 Target cell catabolism of 1,25-(OHL-D, (3) 

M 

acid (7) (Scheme l), which IS transported to the liver and excreted m the bile ’ The C, alcohol (6) has 

also been identified on this pathway and suggested to be the precursor of calcltroic acid 3 Our expenments 

with a synthetic sample of the p&five pivotal Intermediate Cu aldehyde (5) indicate that the alcohol IS 

probably a side product of the pathway, though both can be converted by a 1,25-(OHkDs-mduclble 

enzyme to calc~trolc acid 4 

The liver vltamm-Ds-2%hydroxylase has be;en shown to possess some vanablbty m its substrate 

selectivity Thus, the synthetic analogue la-hydroxyvltamm D3 (la-OH-Ds, 4) IS hepatlcally activated to 

1,25-(OH),-Ds (3) (without feedback control) and is a therapeutically important prodrug for the hormone ’ 

A modified side cham can also be hydroxylated, as IS the case with vitamin Dz 6 A human hepatocyte (Hep 

3B) cell model has been shown to provide an accurate In wtro reflection of the ~lt VIVO 25-hydroxylatlon of 

vitamin D,’ and analogues (mcludmg 4) and has also provided an mslght into the posslblhty of varying the 

hydroxylatlon site by structural modlticatlon For example, the 26,27-cycle-denvative of la-OH-D, (MC 

969) IS exclusively 24-hydroxylated by this system a 

To probe further the detads of vitamin D catabolism we have designed an analogue, the 24-oxa- 

denvatlve of la-OH-D, (8, MC 1090 = 24-oxa-4), which, If a substrate for the vitamm-D-hydroxylase, 

can short cut the calcltrolc acid pathway Thus, 25-hydroxylahon of 8 would give the C, alcohol (6) 

directly from decomposlhon of the unstable heml-ace&d intermediate (9) (Scheme 2) An alternative 

posslb;lrty, 23-hydroxylahon to 10, would give the C,, aldehyde (5) Either of these side cham cleaved 

compounds could then be converted to 7 We report here a synthesis of MC 1090 together with the results 

of the zn vzfro metabolism studies 9 The metabolism studies have been published m abstract form.” 
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HzOH 

6 

HO 

5 

Scheme 2 Proposed metabohc side cham cleavage pathways for MC 1090 (8) 

Alkylatton of the hthlo-demethylseleno-denvatwe (12) of seleno-acetal 11 to grve two senes of 22- 

methylseleno-compounds (cJ: Scheme 3) constitutes the key reaction m the synthens of a variety of side 

cham modified analogues of 1,25-(OHh-D, (3),1’-‘5 mcludmg la-OH-D, (4), for which the alkylatmg agent 

(R-Hal) IS lsoamyl bromide !’ A correspondmg alkylahon with chloromethyl isopropyl ether (as illustrated) 

gave the ant~clpated mtermedlates 13 for the MC 1090 synthesis, though m this case the dlastereotsomers 

at C-22 were chromatographlcally inseparable, and recrystalhsahon only margmally ennched the mixture, 

which therefore had to be used m the subsequent steps as such The kmettc ratto of the 22-epimers m 13 

was readily determined as 3 2 from the NMR-spectra (see Expenmental Section) A modest selectivity m 

this reductive alkylahon of 11 was expected on the basis of our expenence with alkylattons using 

unactivated pnmary alkyl halides” and also a reductive formylation13 and hydroxy-alkylation14 of 11, for 

Z= -StMe2Eut 

SeCHJ 

6 

n -BuLi 
‘%,. 

eMe 

N 
11 

SeCH3 
i 

13a# 
(22s) 

R-Hal (Hal= Cl, Br ar I) 

SeCHS 

13b# 
mo 

Scheme 3. 

+ R-Hal = Cl-CH,OCH(CH,),, ’ R = -CH20CH(CH3), 
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S&H3 

*’ ‘r. ** OR’ 

18 * 20 23 

f 

; 

1 k 
13 R’ = CH(CHg)z 

I 14 R’=H 

Z-08 o-z 

Z = -SiMepBu t 

whrch reacttons we were able to demonstrate 

the preferenhal formal subshtutron of the pro- 

R selenomethyl group. For the conversron of 

11 to 13 we can convmcingly assign the same 

stereoselectrvrty by NTviR comparison (see 

Table) of the product mrxture v&h the 

prevrously described I3 alcohols 14, whose 

configuratrons have been deduced. The 

Juxtaposltlon of data shown clearly allows 

correlauon of 223-14 wrth the maJor isomer 

13 (thus assigned the structure 13a) and of 

22R-14 wrtb the minor isomer (vrz. 13b).t6 

Table. Chemical Shii for Sekted Signals in the NMR Spectra of Compounds 15 and u! 

Cl8 

13 11 5 / 12.2 
AbC -0.7 

(zLY/R)-14 11.5 / 12 2 
A6d -0.7 

18-Hs 

13 0.55 I 0 58 
Appeanw~~ s S 

(22S/I+14 0 55 I 0.59 
Appeanmcef s s 

G21 

15 6 / 14.6 
1.0 

16 1 / 15.3 
0.8 

21-H. 

1.03 / 0 9” 
d (6 8) 3 

1.03 I 0 Y 
d (6 9) 7 

G20 C-23 

40.3 I 36 4 69.1 / 70.8 
3.9 -1.7 

411 I376 61 2 / 64.8 
35 -3 6 

22-H 

315 I297 
m bt (7.5) 

3 08 I 2 98 
m bt (7.5) 

SeCX, 

4.5 I 4.1 
0.4 

4.8 I 4.4 
0.4 

SeCH, 

2 06 12.02 
S S 

2 06 / 2.02 
S S 

a i3 ppm, 300 (‘H) or 75 5 (“C) MHz, solvent CDCI,, ref WC!, = 7 26 or CDCl, = 76 8 
b Data for U (mayor I mmor eprmers) are abstracted from the Expenmental Se&on Data for 14 were obtamed 

from the spectra of the avadable” pure 2X-14 and ca 1 1 nuxture of 22&14 and 22&14 
c chenucal sh~fi hfferenc8 between mayor and mmor slgnah 
d Chenucal sluft Qfference between the signals m 2X-14 and 22&14 
e Approxnnate poat~on signal partmlly obscured 
f Abbrevmtmns s= smglet. d= doublet, bt= broad tnplet, m= multlplet, (Couplmg constant J m Hz) 

Followmg the established methodology, ” for the radical deselenanon reactton, the coqugated tnene 

moiety of 13 was first masked as the cycloaddrhon products (15) formed wttb sulphur droxrde (whrch adds 

across C-6 and C-19 to give a ca 3.1 mrxture of 6S and 6R adducts) (Scheme 4) Photo-induced reduchon 

with tnbutyltm hydnde then cleanly gave the SO,,-adducts 17 these were separated chromatographrcally 

durmg punficatron Thermal cheletroprc extrunon of SO2 from either isomer 17 regenerated the SE-vitamin 

D system m 16, and the synthesis of MC 1090 (8) was completed by the standard sequence of tnplet 

sensmsed 5E to 5Z photo-rsomensahon” (to 18) followed by denlylauon with fluonde 
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the presence of 5 compounds dlplaymg the charactensnc vuamm D tnene chromophore. One of these, 

formed m substantml amounts (cu. 60 ng/lO’ cells/day), was 1dennfied (after &anon) as the Cu alcohol 

6 by &rect comparison with authenhc matena113 (comgranon on two different HPLC systems and mass 

spectrometry both ~nth and without per-tnmethylsilylahon) Analysis of the aqueous-soluble fracuon from 

the extraction (for demls of the methods, see ref. 2) led to the measurement of large amounts (ca 140 

ng/lO’ cells/day) of calcnro1c acid (7) (comigratmg on reverse-phase HPLC with authenuc matenaI13), 

conclusively identified by isolation and comparison (HPLC and MS) of 1ts methylated (dmxomethane) 

denvanve with autbentm13 methyl calc1troate. The aldehyde 5 was not a detectable metabohte 

The 1denuficanon of both the C, alcohol (6) and calc1tro1c acid (7) as metabolites of MC 1090 1s 1n 

accord with our onglnal hypothesis (Scheme 2) on the breakdown of side cham hydroxylated MC 1090, 

though we have not resolved the question of whether the two metabolites lie on the same or on divergent 

pathways. If both compounds result from exclusive 25-hydroxylauon, then the alcohol 1s an intermediate, 

while tis 1s not necessanly the case 1f 23-hydroxylation 1s operauve. Although further detsuls need 

clanfymg, the results so far have provided the first demonstrauon that the terminal steps of calatrolc acid 

producuon can take place 1n non-target cells for the vitamin D hormone. 

EXPERIMENTAL SECTION 
\ 

General. Reactions were performed routmely under a nitrogen atmosphere Petroleum ether refers to 
the pentane fracuon Organic soluhons were dned over anhyd. MgSO, Column chromatography was 
performed on Merck Eeselgel 60 using the “flash” technique Analyucal TLC (to which R,values refer) 
was performed on Merck plates pre-coated with silica gel 60 Fss4. Meltmg points were detemmed with a 
Buchi-Tottoh apparatus and are uncorrected Microanalyses were performed by Messrs G Comah and W 
Egger (Leo) UV-Spectra (A,_) were measured for soluhons 1n 96% EtOH on a Perkm Elmer Lambda 5 
spectrophotometer 1H-NMR spectra (a,) and 13C-NMR spectra (a,) (courtesy Mr N R. Andersen, Leo) 
were run on a Bruker AC-300 spectrometer for solutions 1n CDCl, using the solvent as internal standard 
(CDCl, = 76 8 ppm, residual CHC13 = 7 26 ppm these reference values correspond to internal Me,S1 = 
0 O(0) ppm), 100 MHz ‘H-NMR spectra (6,) were run on a Jeol FXlOO 70 eV EI mass spectra (m/z) 
were obtamed on a Hewlett-Packard HP5985 mass spectrometer fitted with a direct insertion probe 

(1S,3R,5E,7E,22~-1,3-Bis-(f-butyldihylsilyloxy)-22-methylselenyi-24-oxa-9,l0-secocholesta- 
5,7,10(19)-triene (13). A stirred soluhon of the seleno-acetal (11)” (435 mg, 0 58 mmol) in dry THF (5 
mL) was cooled to -70 “C and treated dropwise over 5 mm with n-BuL1 (1 4 h4 1n hexanes, 0.5 mL, 0 7 
mmol) After 10 mln, chloromethyl r-propyl ether” (freshly duhlled, 95 mg, 0 87 mmol) was added, and 
after a further 30 mm at -70 “C, the reaction solution allowed to warm to -20 “C over 30 mm Ether (30 
mL) was then added and the solution was extracted with 2% sodium hydrogen carbonate soluuon The 
organic phase was washed with brine, dned and concentrated 1n vacua to give an 011 Punticatlon by 
chromatography (30 g silica gel, 2%, increasing to 5%, ether 1n petroleum ether as eluant) gave 13 (308 
mg, 73%) as an 011 that crystalhsed upon standing The product was chromatographlcally homogeneous (R, 
ca 0 5, 5% ether 1n petroleum ether as eluant), although the NMR spectra showed that 1t consisted of a 
mixture of eplmers at C-22 in a 3 2 rat10 Recrystalllsatlon from ether-methanol gave an analytical sample 
(needles, mp 110-l 12 “C), 1n which this ratio was increased to ca 2 1, Found C, 64 97, H, 10 04 Calcd 
for C3,H7,03SeS1, C, 64 69; H, 10 02%, I,,, 270 nm (a 25500), 6, (300 MHz) (ca lx 2’/2’.1’ 
integrated rat10 of appropriate signals from the 22@ and the 22s’ isomer respectively) 0 07 (br s, 12 H, 
S1CH3’s), 0 55’ and 0 58” [2 s (ratio ca 2’ l”), 3 H, 18-H,], 0 87 and 0 90 (each: S, 9 H, SlC(CH,)s), cu 
0 9’ (partmlly obscured, deduced from C-H correlahon) and 1 03’ [2 d (ratio cu 1’ 2’), f = 6 8 Hz, 3 H, 
21-H,], 1 15, 1.15 and 1 16 (overlapping d’s, J = 6 Hz, 6 H, 26- and 27-H,‘s), 2 02’ and 2 06’ [2 s 
(rat10 cc 1” 2’), 3 H, SeCH,], 2 30 (br d, J = 14 Hz, 1 H, 4/3-H), 2 57 (dd, J = 5, 14 Hz, 1 H, 4a-H), 
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2 87 ( b d, J = 12 Hz, 1 H, 9/3-H), 2.97’ and 3 15’ D tx, J = 7.5 Hz, and ddd’, J = 2, 5, 8 Hz (rat10 
~(1. 1’:2*), 1 H, 22-H], 3 45-3.79 (m’s, 23-H, and 25-H), 4 22 (m, 1 H, 3-H), 4.54 (m, 1 H, l-H), 4.94 
(br s, 1 H, 19Z-H), 4.99 (m, 1 H, 19&H), 5 83 and 6.46 (each: d, J = 11.3 Hz, 1 H, 7-H and 6-H); 6, 
(cu. 1’:2’/2’:1’ rat10 peak he@ts where appropnate) -5.1, -5 1, -5.0, -4 9 (SICH~*S), 4.1’, 4.5’ (SeCHs), 
11.5’, 12.2’ (C-18), 14.6’, 15.6’ (C-21), 17.9, 18.1 (WCMq’s), 21 8, 21.9, 22 2 (C-26 and C-27), 22 0 
(C-11), 23.3 (C-15), 25.6, 25.7 (WXHs’s), 27 3’, 27.5’ (C-16). 28.7 (C-9), 36.4 (C-4). 36.4’. 40.3’ (C- 
20), 40.3 (C-12), 43.8 (C-2), 45.6’, 46.0’ (C-13), 46.7, 49 1’ (C-22), 56 3 (C-17), 56.1’, 56.2’ (C-14), 
67.0 (C-3), 69.1’ (C-23), 70.0 (C-l), 70 8’ (C-23), 71 5’. 71 8’ (C-25), 106.4 (C-19), 116.3’, 116.4’ (C- 
7), 121.5 (C-6), 135.2’, 135.4’ (C-5), 142.8’, 143 1” (C-8) and 153 4 (C-10) 

(1S,3R,5E,7E)-1,3-Bis-(r-butyldiy~ilyloxy)-24-oxa-9,10-secocholesta-5,7,10(19)-triene (6R)- 
and (6.!+sulphur dioxide adducts (17). Compound 13 (mixture of dtastereoisomers, 360 mg, 0.50 mmol) 
was dissolved m ether (0 5 mL) and hqmd SO2 (10 mL) added The SO2 was allowed to boll under reflux 
for 30 mm and then the solvents were removed tn vucm to give a diastereoisomenc mixture of Sq- 
adducts of the compounds 13, showmg two spots on TLC oz,‘s co 0 5 and 0.3, 40% ether m petroleum 
ether as eluant). [The ‘H-NMR spectra of the two components, separated in a cu 3:l rat10 from the 
product of a parallel expenment, showed the major (less polar) to be the 22-epimenc mixture of (6,!+ 
sulphur dioxide adducts (W-15 (18-H, Singlets at 6 0.66’ and 0.69Di, while the mmor component was the 
22-epimenc mixture of (6R)-sulphur choxlde adducts (6R)-15 (18-H, singlets at 6 0.56’ and 0.59”) (cf ref. 
11) 1 The product (in a pyrex flask) was dissolved m toluene (14 mL) and n-Bu$nH (0.87 g, 3 mmol) 
added. A nitrogen atmosphere was established, and the reactlon flask was water cooled (20 “C) dunng 
illummahon with radiation from a high pressure Hg lamp (type. Hanau TQ 71822) for 75 mm The 
soluhon was then concentrated In vacuu to give a residue contammg the title compounds, which was 
puntied by chromatography (50 g silica gel, 30% ether in petroleum ether as eluant). First eluted was the 
major Isomer (W-17 (243 mg, IO%), needles from ether-methanol, mp 124-125 “C; Found: C, 65.63; H, 
10 21; S, 4 50 Calcd for C,,H,,,O$SI, C, 65 65, H, 10 15, S, 4 61%, 6, (100 MHz) 0 06 (br s, 12 H, 
SlCH,‘s), 0 65 (s, 3 H, 18-H,), 0 87 and 0 88 (each s, 9 H, SlC(CH&, 0.94 (d, J = 6 Hz, 3 H, 21-Hs), 
1 13 (d, J = 6 Hz, 6 H, 26- and 27-H,‘s), 3.2-4.1 (m’s, mcluchng 3 53, hept, J = 6 Hz, 25-H, and 3.76, 
brABq,J= 16 Hz, 19-H,, 5 H, mcluchng also 23-H,), 4 2 (m, 1 H, 3-H), 4 35 (m, 1 H, l-H), 4.67 (m, 
2 H, 6-11 and 7-H) This was followed by the mmor Isomer (6R)-17 (76 mg, 22%), obtamed as a gum, 6,, 
(100 MHz) 0 07 (br s, 12 H, SiCH,‘s), 0 58 (s, 3 H, 18-H,), 0 89 and 0 90 (each s, 9 H, SlC!(CH3),), 
0.95 (d, J = 7 Hz, 3 H, 21-H,), 1 15 (d, J = 6 Hz, 6 H, 26- and 27-H,‘s), 3 25 - 4 1 (m’s, including 
3 53, hept, J = 6 Hz, 25-H, and 3 77, br ABq, J = 16 Hz, 19-H,, 5 H, also rncludlng 23-Hd, 4.15 (m, 
1 H, 3-H), 4 4 (m, 1 H, l-H), 4 5-4 95 (2 br d, 2 H, J = 10 Hz, 6-H and 7-H) 

(l~,3R,5~,7~-1,3-si-(f-butyldimethy~ilyloxy)-2~oxa-9,l~~~hol~-S,7,lO(l9)-t~ene (16). 
Compound [17, major (6s) isomer] (183 mg, 0 26 mmol) together with NaHC4 (0.3 g) was dissolved or 
suspended m 96% ethanol (10 mL), and the stured mixture was heated under reflux for 90 mm. After 
cooling, the rear&on mixture was partltloned between EtOAc (30 mL) and water, and the EtOAc layer was 
washed with bnne and dned Removal of the solvent m vacua and punficahon by chromatography (15 g 
sdica gel, 3% ether in petroleum ether as eluant) followed by crystalhsahon from ether-methanol gave 16 
(140 mg, 84%) as needles, mp 76-77 “C, Found C, 72.39, H, 11.18 Calcd for C3sH7,,0.$$S~2* C, 72.32; 
H, 11 18%; ilrmX 270 nm; 6H (100 MHz) 0 07 (br s, 12 H, SICH~‘S), 0 56 (s, 3 H, 18-H,), 0.88 and 0 91 
(each s, 9 H, SlC(CH3),), 0 95 (d, J = 7 Hz, 3 H, 21-H,), 1 15 (d, J = 6 Hz, 6 H, 26- and 27-Hs’s), 
3 2-3 7 (m, mcludmg 3 55, hept, J = 6 Hz, 25-H, 3 H, including 23-H&, 4 22 (m, 1 H, 3-H), 4.54 (dd, 
J = 5, 9 Hz, 1 H, l-H), 4 97 (m, 2 H, 19-H,), 5 82 and 6 47 (each d, J = 11 Hz, 1 H, 7-H and 6-H) 

(1S,3R,5Z,7E)-24-0xa-9,l~s~~holesta-5,7,lO(l9~-~~en~l,~diol (MC 1090, 8). A solution of 
compound (16) (49 mg, 0 08 mmol), anthracene (25 mg) and tnethylamme (0 1 mL) m toluene (5 mL) m 
a Pyrex flask was irradiated with hght from a high pressure ultraviolet lamp, type TQ15OZ2 (Hanau) at 
about 20°C for 1 h The reaction mixture was filtered, concentrated zn vacua and punfied by 
chromatography (15 g sihca gel, 2% ether m petroleum ether as eluant) to gwe (lS,3R,5Z,7&1,3-bls-(t- 
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butylQmethylsilyloxy)-24-oxa-9, IO-secocholesta-5,7,10(19)-tnene (18) (44 mg), obtamed as a gum [A,, 
265 nm; 6, (100 MHz) 0.07 (br s, 12 H, WCHs’s), 0.54 (s, 3 H, 18-H,), 0.88 (br s, 18 H, SrC(CHs)s’s), 
0.95 (d, J = 6.5 Ha, 3 H, 21-H,), 1 15 (d, J = 6 1 Hz, 6 H, 26- and 27-Hs’s), 3.25-3.70 (m, mcludmg 
3.55, hept, J = 6.1 Hz, 25-H, 3 H, mcludmg 23-Ha, 4.19 (m, 1 H, 3-H), 4.37 (m, 1 H, l-H), 4 87 (d, 
J = 3 Hz, 1 H, 19&H), 5.18 (m, 1 H, 19Z-H), 6.01 and 6.23 (each d, J = 11 Hz, 1 H, 7-H and 6-H).] 
A solutron of the entire product (0.07 mmol) and n-Bu,N+ F’ (mhydrate, 0 1 g, 0.32 mmol) m THF (5 
mL) was stirred at 60 “C for 50 mm. The reacuon mixture was partttioned between ethyl acetate (30 mL) 
and 2% sodmm hydrogen carbonate solutton (20 mL). The orgamc phase was washed with bMe, drted and 
concentrated tn vacuu to gwe an 01 Punficatton by chromatography (15 g silica gel, 66% ethyl acetate in 
petroleum ether as eluant) gave the tnle compound 8 (21 mg, 67% from la), obtamed as a gum; 1,264 
nm (c 17500); 6, (300 MHz) 0.55 (s, 3 H, 18-H,), 0.95 (d, J = 6 5 Hz, 3 H, 21-H,), 1 15 (d, J = 6.0 
Hz, 6 H, 26 and 27-Hs’s), 2.31 (dd, .J = 7, 13 Hz, 1 H, 4p-H), 2 59 (dd, J = 3, 13 Hz, 1 H, 4a-H), 
2.82 (dd, .J = 3, 11 Hz, 1 H, 9/3-H), 3 33-3.60 (m, including 3.54, hept, J = 6.1 Hx, 25-H, 3 H, 
mcludmg 23-H& 4.23 (m, 1 H, 3-H), 4 43 (m, 1 H, I-H), 5.00 (br s, 1 H, 19&H), 5.33 @r s, 1 H, 19Z- 
H), 6.02 and 6.38 (each d, J = 11.3 Hz, 1 H, 7-H and 6-H), 6, 12 0, 19.2, 22.1, 22.3, 22.3, 23.6, 
27.6,29.1, 33.7, 36.1, 40 5, 42 9, 45 3, 46.0, 56 4, 56.9, 66 3, 66.9, 70.9,71 3, 111.8, 117.1, 125.0, 
132.9, 143.2, and 147.6, m/z 402 (M+, 6), 387 (0 5), 384 (6), 369 (l), 366 (3), 343 (l), 287 (2), 269 (3), 
251 (5), 152 (30), and 134 (lOO%), HRMS (BI) calcd for C&H,,4 402 3134 (M+); found: 402.3139.9 
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