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Abmtxart--'l% title corn@ was gyntheaized by employing CR_)-2-aminoheaadecanoic acid, D- 

glucose and (S)-eerine as the chiral sources, and the synthetic sample was found to be 

chemically and biologically identical with the fruiting-inducing oerebroside isolated from 
6dCzophyllum commune. -- 

In 1982 some cerebrosides in the mycelia of Schizophyllum commune (Japanese name: Suehiro taki) -- 

were found by Kawai et al. -- to stimulate its own fruiting body formation.1 One of the actrve 

principles was identified as (4~,8~,2~,3~,2'~)-~-2'-hydroxyhexadecanoyl-l-~-~-D-glucopyranosyl-9- 

methyl-4,8-sphingadlenine la, 2 which had previously been isolated from a sea anemone (Metridium 

senile) by Karlsson et al 3 - -* Very recently we reported the synthesis of the ceramide portion lb of 

the bioactive cerebroside la. 4.5 Hereln is described a synthesis of the cerebroside la itself. 

The present work unambiguously established the absolute configuration of the cerebroside la as 

depicted in Fig. 1. 

tic= R 
n-CjqH2g C02H + n-CgH,gGOH 

.4 .!5 
iiH2 

OH 

E 

NH2 x 
n-C14Hzg COzH n_CgH,gLoH + ‘?< 

c6@1 

Fig.1. Synthetic plan for the cerebroside 5. 
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Our synthetic plan for la was different from that employed in our previous synthesis of 

lb485 . Instead of resolving the sphingadienine (_f)-B after acylation with @)-A, we envisaged a 

chiral synthesis of B from E and the known oxazoiine P6 derived from (g)-serine G. The a-hydroxy 

acid moiety A could be obtained from D as described previously.4'5 Acylation of 0 with A would 

lead to the single desired isomer lb, whose glucosxdation with D-glucose C would eventually yield 

the bioactive cerebroside la. 

Synthesis of the optically active sphingadienine portion 13. In the present synthesis, the 

chirality at C-2 of la orlqinated from (S)-serine 2a (Fig. 2). The use of (g)-serine in sphingo- 

lipid synthesis was first reported by Newman' and then by Thornton.' Conversion of fS)-2a to its 

Me ester*HCl 2b8 was followed by its treatment with benzimino Et ether for the protection of both 

NH2 and OH groups. ' Under Elliott's condition, no racemization at C-2 had been observed in the 

course of the oxazoline formation. 7.9 The resulting phenyloxazolkne ester 3 was reduced with 

DIBAL-H to give an unstable aldehyde 4 (=Pf, which had to be used immediately in the next step due 

to its instablllty. 

3 R=H 

& R=Me,HCI salt 

n-C9”,9LX - .-:H,9+ \ \ Br 

3 x=oH 
Br 

ft X=CN 

& X=OTs E X=CHO .2 

ji+ X=& 

Fig. 2. Synthesis of the sphin~adienine 

t AA n-Cgttts \ \ 

& 

port ion . 

The starting material Sa for the preparation of the achiral portion of B was synthesized from 

homoprenyl acetate in 3 steps (36 9 overall yield) as reported by US.~#~ An alkenylalane 12 was 

the reagent of choice for the formation of the C-C bond between C-3 and C-4.cf*6'7 This was 

prepared in the following manner. The alcohol 5a was converted to a bromide 6 in the conventional 

manner via a tosylate Sb. - Alkylation of LiCDCHl' with 6 yielded a mixture of the expected alkyne 

7 125 %f and an unwanted f?-elimination product 8 (63 91. In view of this unsatisfactory yield of 

7 together with the difficulty encountered in separating 7 and 8 , we sought for a* alternative 

method. The bromide 6 was converted toa nitrile 9, whose reduction with DIBAL-H furnished an 

aldehyde 10. Treatment of 10 with Ph3P and CBr4 according to Corey 11 yielded a dibromodiene 11. 

This gave the alkyne 7 when treated with n-BuLi. The overall yield of 7 from 6 by this 4-step 

process was 64 9. Addition of DIBAL-H to the alkyne 7 by the established procedure 
6,7,12,13 

afforded the desired alkenylalane 12. alkenylation of the phenyloxazollne aldehyde 4 with 12 gave 

a mixture of two diastereomers 13 and 14. These two were separable by SiO2 chromatography to give 

a less polar crystalline isomer, m.p. 58.%59.5", in 23 % yzeld and a more polar oily isomer in 18 

0 yield from 7. The crystallrne isomer was later shown to be erythro-13 by its conversion to the 

ceramide lb. We were thus able to synthesize the sphinqadienine part B of the molecule as the 
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protected form 13. 

Synthesis of the ceramide lb. The prerequisite to the synthesis of the ceramide lb was to 

prepare a highly optically pure acylating agent 1M aa shown in Pig. 3. (El-o-Hydroxy ester 1% 

was synthesized as reported previously 4*5 by deaminating the corresponding (El-o-amino acid D 

followed by esterification of the resulting crude o-hydroxy acid. The optical purity of (lg-1Sa 

was estimated to be 88 t by the HPLC analysis of ita (R)-o-methoxy-a-trifluoromethyphenylacetate 

(MTPA ester).14 Alkaline hydrolysis of @)-15a wa8 followed by recrystallization of the product 

to give (El-lSb, m.p. 92.%93.5', [ol;2-3.10(CHC13). The same compound (El-1Sb. m.p. 

93.3"93.5', lai~2- 3.2°(CHC131, was previously isolated by Horn et al _ _. as a component of wool 

war.15 Our synthetic acid (El-1Sb wa.s acetylated to give (RI-15~. m.p. 61-62O. tcl~2+10.60 

(CHC131. Activation of the C02H group of (El-15~ was effected by treating (El-15c with p-nitro- 

phenyl trifluoroacetate in C5H5N16 to give a p-nitrophenyl ester (El-15d. m.p. 32-33', [al;' 

+19.7' (CHC131, as the acylating agent. The optical purity of @l-15d was shown to be 96 t e-e by 

the HPLC analysis of the corresponding amide 16 prepared by the treatment of @I-15d with @l-(+1- 

o-naphthylethylamine. 

With the building block (E)-l5d in hand, we then attempted the ecylation of the sphinga- 

dienine part. Treatment of the oxazoline 13 with dil HCl afforded 1-G-benzoylsphingadienine*HCl 

17. This was dissolved in C5H5N and acylated with (El-15d to achieve selective N-acylation.7'1' 

The resulting 1-g-benzoyl-2'-acetoxyceramide lc, m.p. 74.0"75.0°, [01~g+9.50(CHC131, was treated 

with NaOH to remove both the AC and PhCO groups to give the ceramide lb, m.p.62-63'. loli2+7.4' 

(CHCl)). Its identity with the natural and authentic lb, m.p. 59-61°, [ol~1+7.30+0.40(CHC13~, 

was confirmed by the comparisonof their IR, 400 MHz ‘H-NMR and HPTLC data. No m.p.depression 

was observed upon admixture of the natural and synthetic samples of lb. The specific rotation of 
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Fig. 3. Synthesis of the ceramide & and the cerebroside &. 



2382 K. Mom and Y. FUNAKI 

our present lb was also in good accord with that of the authentic lb and larger than that ([a]El 

+6.4" (CHCl-,)) of our previous lb.485 Our present lb was therefore thought to be virtually 

optically pure. Since our synthesis started from (S)-serine, the absolute configuration of the 

ceramide lb was determined as (22,3R,2'R). This derivation of lb from 13 enabled us to asslgn 

erythro- or anti- relative configuration of 13 implying the (R)-configuration at C-l' of 13. In 

the same manner as above, m-14 yielded an unnatural (2&3&2'R)-ceramide 19b via 18 and 19a. 

The IR spectrum (KBr disc) of 19b was distinctly different from that of lb. 

Synthesis of the cerebroside la. The final stage of our synthesis was glucosidatlon of lb. 

Direct glucosidatlon of lb with tetra-g-acetyl-a-D-glucopyranosyl bromide 201' gave an intractable 

mixture presumably containing two monoglucosides and a diglucoslde as checked by TLC. We then 

tried the selective trltylation of the prim OH group of lb so that we might acetylate only the set 

OH gro"ps.cf'17 If this had been possible , we might have been able to achieve glucosidatlon at 

the prim OH group after removing the Ph3C group selectively. The tsitylation, however, did not 

take place at all. 

Finally we completed the synthesis in the following manner. The allylic set OH group at C-3 

of lc was protected as a t-butyldiphenylsilyl ether to give Id, whose alkaline hydrolysis ylelded 

le. Glucosidation of le with 20 in the presence of Hg(CNj2 in C6H6-MeNO under the Kbnigs-Knorr 

condition gave the desired glucoside If in 47 S yield. This reaction was known to afford a ED- 

glucoslde.7p17 Conventional deprotection of If to remove AC groups with alkali gave lg. The 

concluding step was the desilylation of lg with (n-Buj4NF to give the target molecule la (43 mg). 

Our synthetic cerebroside la was identical with the natural la on the basis of IR, 400 MHz 'H-NMR, 

HPLC and HPTLC comparisons. The specific rotation of our synthetic la, [aID 21-7.30A0.20(c=0.5, 

CHC13), was in agreement with that of the natural la, [a:,:‘- 7.4°~0.40(c=0.3, CHC13). The 

overall yield of the cerebroside la from homoprenyl acetate was 0.7 0 through the 17-step synthe- 

tic operation. The synthetic cerebroside la was assayed against Schlzophyllum commune and found -- 

to be bioactive (10,000 units/mg).ls2 The activity was as strong as that of the natural la 

(10,000 unlts/mg), when tested simultaneously under the same condition. 

In conclusion, we synthesized the naturally occurring isomer la of the fruiting-induclnq 

cerebroside in the mycelia of Schizophyllum commune. -- The present synthesis unambiguously estab- 

lished the structure and stereochemistry of the cerebroside as (4E,EE,2S,3R,2'R)-N_2'-hydroxyhexa- 

decanoyl-l-~-~-D-glucopyranosyl-9-methyl-4,~-sphingad~en~ne. we are currently continuing our 

study to clarify the structure-bloactlvity relationship among closely related synthetic ceramides. 

All imps and m_p~ rere uncorrected IR spxtra were measured 88 films for oils or as KBr discs for solids on a Ja- 

IRA-102 spectrometer. H-NMR spectra were recordedat MHz WithTMSas aninternalstandardona 
meter unless otherwise stated %I -NMR sp3ctra at 400 ME?. were recorded al a Jeo1c.J JNM Fx-403 spectrometer. 
spectra were measured on a Jsolco JNM FX-100 spectrometer at 25 MHZ. @tical rotations were measured cm a Jascu DIP-140 
plarimeter. TIC analysis was carried art with Merck pra-coated TLC plates, Kiesslgel 6op2= and Hmzc analysis wa8 with 
Merck pre-cmted HPIX plates Kisselgel 60F254 

(S)-Ssrine He sstsr*HCl 2b. HCl gas was briskly tutbled into a soln of 2a (25 9, 238 mmol) in dry ~e(3~ until the soln 
became very hot (SpntaneaLs refluxing). lhen the soln was left to stand for 16 h at toom temp HeCZi w*8 remwed in 

vacua. ?he residue was triturated with ether (50 ml). 'l%e solid 2b was collected on a filter, washed with ethsr (50 ml, 
and dried in va.cuo Recrystallizatim fran M~-ether (1:X gave 35.9 CJ (97.0 8) of 2b. w 163-164'(lit' w 163")~ 
I,$2 +3.4S" (c=4.a3, neaoi Vaax (nujol) 3360 (6). 1745 (S), 1250 (61, 1035 (6) cm-l. 

(S)-4-Nsthoxycalbonvl-2-~s~~l-l,3~~li~-2~s 3. A ~oln of ph~(_~)o~r (60 9, 0~0 ~1)1g~20 in (;H Cl (loo ml) was 
added to a soln of 2b 03 9. 0.21 noI) in water (20 ml). 'l%s mixture was vipnxsly sti& for 24 h at z& tamp It was 
then filtered and the filtrate was diluted with (H2C12 (loo ml) and water (50 ml). l%s organic aoln was sewated, dried 

lhe residue was distilled to give 3U 9 (76.2 b) of 3, &A 114~l16°/0.03 mm (lit' 

Vmax 1740 (81, 1640 (s), 1600 Cm), 1580 (m), 1500 Cm), 1360 (s), 1295 

(5). 970 (8). 695 (S) Cm-*‘ 6tcDcl,, 3.82 (3H, s), 4.60 (lH, d, J=12 
HZ), 4.65 (Ifi, d, J=6 Hz), 5.00 (1Ii. dd, J-12 HZ, 6 Hz), 7.40~7.60 (3H. m). 7.90"8.15 (2H, m). 

(S)-4-Form~l-2-@en~l-1,3~lin-2sns 4. This was mpxed by the method of Ihornta4' A soln of DIBAC-H in n-hexane 
(1.7 M. 6.0 ml, 10.2 mmol) was added dropwise to a stirred and cooled soln of 3 (1.4 9, 6~3 ~101) in tol~ene (30 ml) and n- 

hexane (5 ml) at -70°under k. T%e mixture was stixx-ed for 2 h at -70'. Subsqumtly MecH (1 ml) ~a* added amprise at - 
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7o”. After stirring for 30 min, the mixture wan guenckd by the sdditim of Euy\c (10 ml) and a sat aq s0l.n (20 ml) of 

r4a.K tartrate. me cmlingbath was then remwedandthetempvas allcaved to rise tn -temp 'Ihe mixture was parti- 

tioned between IZUXz (500 ml) and a sat aq soln (L5 1) of Iya.K Mrate ‘lb organic soln was dried (Mg934) and rxncen- 

trated in MCU) to give L.4 g @uantitative) of 4 aa a crude yellow oil. Vmax 1730 (m), 1640 (8). 1360 (a), loB0 (8). 965 
- -1 

(a), 695 (s) cm t ICC (Mc13-MeCSi=95:5) P.f 0.22. 'Ihis was emplOyea in the next *p wittbxt further plrificatia 4 was 

very unstabla In its NMR spectrum anly a weak signal was observed at 69.77 ax13). Ikmmpxition of 4 tack place even 

within the time-span of the NMR measurement 

(E)-l-Bromcr4-methyl-3-trideo?ne 6. p-TsCl (45 g, 236 mm011 was added to a stirred and ice-ccoled soln of Sa (33 g. 155 

mmol) in C5H5N (120 ml). ?he mixture was stirred for S h It was then pared into ice-water (Kx) ml) and extracted with 

ether (500 ml). 'Ihe ether soln was washed with 2 N-1, sat Namx)3 ag and brine, dried OQSO4) and concentrated in MCUO. -- 
Ihe residual cnde oily Sb (58 g) was dissolved in DMF (250 ml). m this was added LiBr (40 g, 460 mmol) and the mixture 

was stirred for 18 h at rcan temp It was t&n purred into ice-water (1 1) and extracted with ether (300 ml x 3). 'llw 

ether sol" was washed with water dried (Mgso4) axrl once&rated in va- ?he residue was distilled to giM 383 g (93.4 
21 

-- 
0) of 6, ap. 93.94°/0.0S mm8 "0 1.4682; Vmax 1660 ("1 m-1, 6OXCl,, 087 (3H. deformed t. J=6 HZ). 154 (14H. bra), 

1.60 (3H, 81, 1.8012.10 (ZH, m), 2.54 (2H, g, 517 Hz), 3.32 (2H, t, J=7 Hz), 5.15 (1H. t, J=7 Hz). (Pound: C, 61.09; H. 

10.01. Calc for C14H27Br: C, 6LOB, H, 989 0). 

(E)-5-Methyl-4-tetradece~ltrile 9. A mixture of 6 (3B.0 g, 13S mmol) ard KCN (115 g, 176 mmol) in DMF (100 "1) and 

water (30 ml) was stirred at 70°for 24 h It wa8 then poured into ice-water (1 1) and extracted with ether (500 ml). 'lk 

ether soln was washed with water, dried (Mgso4) and axlcentrated & vaLua 'he residue was chmmatqra#xd aver Si02 

Eluticn with n-hexme-ether (1OO:l) gave 30.0 g W.0 S) of 9 as an 011, +.4x6, Umax 2250 (w), 1670 (m) cm-', 

6(CXl,) 0.86 (3H. deformed t, J=6 Hz), 1.25 (14H. br.6). 1.62 OH, s), l&*2.20 (2H. m), 2.22~2.48 (4H. ml, 5.OoS5.30 
(1H. m)r TLC (n-hexane-ether=4:1) Rf 0.47. (Faud: C, 81.431 H, 12.27, N, 6.l4. Calc for C15H2r: C, 81.38; H, 12.291 N. 

6.33 0). 

(El-S-Methyl-4-tet.radecav.1 10. A sol" of DIBXL-H in n-hexane (1.7 M, 123 ml, 203 -1) was added droprise to a stirred 

and axled sol" of 9 w.0 g, 136 mnwl) in ether (700 ml) at -60°under Ar. 'Ihe mixture was stirred for 1 h at -60°and 

for 3 h at ram temp ?he excess reagent was quenched by the ajdition of W2Et (5 ml). After stirrrq for 30 min. the 

mixture was wed into sat NH4C1 *g (15 1). lhe mixture was stirred for 20 min. acidified with 20 0 H2m4 aq (1 1) and 

extracted with ether. Ihe ether ~0l.n was washed with water, dried @lgSD4) and calcentrated in MNO. 'lk oily residue was -- 
droma~~pkd over Florisil (450 g). Sluticn with n-kxane-ether (5O:l) gave 29.0 g (95.4 $1 of 10, Vmax 2720 cm), 1730 

(9) cm i &CDCl,) 0.86 (3H, deformed t, J=6 Hz), 1.23 (14H. bra), 1.57 (3H. s), 1.74c2.15 (2H. m), 2.20-2.46 (4H. m), 

4.mU5 UH, m), 9.76 (1H. s)) TLC (n-hexane-&her=4:1) Rf 0.51. ?his was employed in the next step without further 
pleificatlon. 

(E)-l,l-Dibromo-6-methyl-l,5-pentadecadie 11. A 801" of CBr4 (85 g, 256 mm011 in CH2C12 (100 ml) was added droprise to a 

stirred and ice-cooled sol" of Ph3P (138 g, 526 mmol) in a2C12 (300 ml). m this was added a sol" of 10 (29.0 g, 129 

mmol) in CX2C12 (100 ml) with stirring and moling at 0'. Ihe stirring was or&in& for 15 min at 0'. Ihe mixture was 

then quenched with ice-water (100 ml). After stirrxq for 20 mu4 the organic layer was separated llkz organx soln was 

dried (14gS34) and amcentrati in vacua Ihe residue was tritwated with pentane (1 1) ard the insoluble Ph3p0 was 

filtered off. 'Rx filtrate was concentrated in vacua 'Ihe 011~ residue was chromatcqra -- 
hexane gave 381 g (77.6 0) of oily 11, $1.4976) p" 

ed over Si02. Elution with n- 
Umax 1665 (w), 1620 (~1, 775 (m) cm- I 6(Wl,) 087 (3H. deformed t, 

J=6 Hz), 1.26 (14H, bra), 1.57 (3H, s), 1.8012.20 (6H. ml, 4.9&5.20 (1H. m), 6.39 (1H. t, J-7 Hz)r TLC (n-hexane) Rf 

0.45. (Found: C, 50.531 H, 7.36. Calc for C16H28Br2: C, 50.54; H, 7.42 t). 

(E)-6-Hethyl-5-pent&ecen-l-yne 7. A mln of n-EuLi in n-hexane (15 II, 150 ml, 225 mmol) was added dropwlse to d stirred 

and cooled sol" of 11 (37.0 q, 97.6 mm011 in 'lXF (400 ml) at -70°under AK. 'Ibe mixture was stIrred for 1 h at -7O'and 

for 1.5 h at rcom temp It was then pcured into ~-water (15 1) and extracted with n-hexane. Ihe hexane sol" was washed 

with water, dried (Na2904) ard amcentr;;ed & vaaa. 

gave 18.9 g (88.0 0) of 7 8s an oil, nD 1.4535, 

'IYe residue was chrwnatogra~ oyer SiOZ._lElutlon with n-hexane 

Vmax 3320 (8). 2120 (w), 1665 (w), 840 (w) cm ; &CDCl,, 0.87 (3H, 

deformed t, J-6 Hz), 1.23 (14H. br.s), 1.58 (3H. 8), 1.75--2.05 (3H. m), 2.10-2.30 (4H. ml, 4.95-5.25 (1H. m)t TLC (n- 
hexax) Rf 0.52. (Fand: C. 87.10; H, 12,X. Calc for C16H2S: C, 87.198 H, 1281 a). 

(E)-6-Methyl-S-pent-l-~ 7 and (E)-4-methyl-1,3-tridecadiene R LimCYi was pepxed by the method of Hidlarxl.1o 
Gasgxls HCICH (72 ml, 3 mmol) was &vly introduced into cold 'R(F (5 ml) at -78'. To this was added dropwise a soln of n- 
_ in n-hexane (1.6 M, 1.6 ml, 2.6 mmol) with stirring and cooling at -7S0urder Ax-. lhe stirring was continued for 10 
min at -78'. men a sol" of 6 (500 mg, L7 mmol) in HMPA (2 ml) was added droprise at -78'. me mixture wde stirred for 

20 min at -7B"and for 3 h at rcu" temp 'Ihe reacticm was quenched with ice-water (50 ml) ard the mixture was extracted 
with n-hexane (M ml). 'Ibe h- sol" was washezl with water, dried (H~SZJ~) ard concentrated m va- 'lhe residue was -- 
chromatcqra~ wer Si02. Elutim with n-hexane gave 223 rq (63.4 0) of E, TLC (n-hexane) Rf 0.69, and 100 mg (25.0 0) of 

7, TLC (n-hexane) Rf 0.52 Ihe present 7 was identical with 7 described above on the basis of IR and NMR compwiscns Ihe 
diene B showed the following ppertiesi $1.46428 Umax 30% (w), 30% (w), 1790 (m), 1650 (81, 1600 (ml, %5 (a), 895 
(8) cm-l, dtCDC1,) 0.89 (3H. t, J-6 Hz), 1.26 (14H. bra), 1.72 (3H. s), 1.80-2.20 (ZH, ml, 4.91 (1H. d, J=lO Hz), 4.98 
(lH, d, J-16 Hz), 5.75 (lH, d, J=lO Hz), 6.51 (1H. dt, J=16 Hz, 10 Hz). (Found: C, 86.75; H, 13.49. Calc for C14H26: C, 

86.51; H, 13.49 0). 

(4S,l'R)-4-(l'-Hydroxy-7'-m_ethyl-2',6'-he~~yl~-2~1-1,3~lin-2~e 13 and its (1'S)-isomer 14. A sol" of 

DIBAL-H 1" n-hexane (1.7 M, 38 ml, 64 mmol) wae .x&d drowise to a stirred sol" of 7 (L4 g, 6.4 mrol) in n-hexane (5 

ml) lnder AK. me mixture was stirrezl for 2 h at 50'. Ihe resulting soln of 12 was ccaled in an k-e-b&h. m this was 

added d soln of 4 (1.4 g, ca 6.S mmol) in ether (5 ml) with stirring at 015'. We temp was allow& to rise to roan tamp 
and the stirring was continued for 2 h Ihe mixture was pared into a sat soln of Na.K tartrate (500 ml) and extracted 
with EtoAc (500 ml). 'Ihe EtMc soln was dried (14gS04) am.3 cauentratad in vaaw. TLC analysis (n-hexane_etha=3:7) of the -- 
residue revealed it to bed mixture of two compounds, one with Rf 0.56 and the other with Rf 0.39. These two were 
separatal by SiO, c+uomatcgra@y. Eluticm with n-kxane~ther (2:l) first afforded 5830 mg (23.0 t from 7) of 13, mp 
58.5c59.5' (recrystallized from n-hexane)r 101gl -lO.O'(c-1.15, CHC13)# Vmax (KBr disc) 3200 (m), 1655 (9). 1610 (w), 
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1585 (m), 1505 (m), 1365 (8). 1275 (a), 1120 (s), 1110 (s), 1100 (61, 985 (s), 970 (s), 695 (s) cm-'3 &(CDCl,) 0.87 (3H, 

deformed t, 556 Hz), 1.26 (l&i, br.6). 1.56 (3H. s), 1.75*2.25 (6H, n), -3.10 (1H. br), 4.25-4.65 (4H, m). 4.90*5.20 (1H. 
m), 5.40 (lH, dd, J=15.5 Hz. 4.5 Hz), 5.84 (IH. d. J=l5.5 Hz), 7.25-7.50 f3H, m). 7.65-7.92 (2H. m>. (Found: C, 78.76; W. 

9.84; N, 3.46. Calc 5~ C26H3Q02N;2$ 78.541 H, 9asl Nt 3.52 *1. Further elution with the same solvent gave 450 mg (178 
6 from 7) of 14, "D 1.5183; WD +23.3°(c=1.02, CHCI3); Vmar 3300 (s), 1645 (~1, 1605 (wf, 1580 (RI), 1500 fm), 1450 

(8). 1360 (8). 1085 (sf, 1025 (8)‘ 965 (s), 695 (6) cm-', 6KDc1,) 0.85 (3H,deformed t,J-6 Hz), 1.22 (14H, br.s), l.52 

(3H. s), 1.70~2.20 (6H, ml. -3.00 (lH, br.), 3.8oC4.40 (4H, m), 4.85-5.15 Clic, m), 5.40 (iii, dd, J-15.5 Hz, 4.5 Hz), 5.76 

(1H. d, J=15.5 Hz), 7.20.-7.46 (3H, m), 7.76-7.98 (2Ii. m). 

78.54; H, 9.891 N, 3.52 %I. 
(Found: C, 78.38; H, 9.771 N, 3.47. Calc for C26HB02N: C, 

MeUlyl CR)-2-mscancmte 1Sa. @-2-Amizxhexadeic acid (5.9 g, 2L7 mm&) wss dissolved in 2 N-H2SQ4 (40 ml ) 
bf heating at tW* 

at so". 

m the vi~ly stirred s&n was a&&l a soln of N"M2 (32 g, 46.4 mm&) in water (34 all over 2 h 

Ihe stirring was continued for 2 h at - tamp It was then extract& with ether @Xl ml x 21. l& ether aoln 
was washed with torine ani -Weted in va- llx residue was dissolved in C6H6 ani -- concentrated again in ~9c.x.k To 
the residue were added C6H6 160 ml), &VI (60 ml) and cunc It21 (0.1 ml). lBe. nuxturs was stirred a& heated rnrler raflux 

for 3 h After cooling, it was panM into ice-water (3Do ml) and extractsd with ether. Ihe ether soln was dried (Na2904) 

and ancentrated in vamo. 'Ibs residue was chromatcgraphed ove.r Si02. Elutiar with n -kxanestkr -- (15:11 gave crystalline 
from n-hex.ane to give 3.8 g (610 0) of lSa, tn.& 45.50; [W~-L35"k=Z5, EUW (litl' 

(Fax& C, 7153r H, ki& C&c for C17H3403: C, 
m.~. 45-46*t [al, -l.0°k=5.2u. Ktarl)J; TK! (n-k+?xane~ther2:3) Rf MO. 

with tbsse reputirl psevicusly.5 
7L2ar Ht 11.96 8). ?&a IR and NHR spctra of f~)-Xia were identical 

Ihe optical pity of fRf-15a was estimatr& by ths HFW anslysis of the carrespxiizq 

(I$WTPA ester (Column, ?Ax&3xilap5o_5, 25 cm x 4.6 mmt Solvent, n-hexans-lW-MafXi=6,CxJO:liXkl~ Flow rate, LO mllminf Rt 

10.7 mm (94.0 W, 13.0 min (6.0 a). c&r 15a was therefore of 88 0 GkE 

(R)-2--eic acid 15h (I$-15a (3.5 g, 12.2 mml) was dissolvad in 95 b Rt(31 W30 ml) containing KM (85 \ 

prity, 740 mg, 12.2 mmol). ?he mixture was stirred and heated at 70*for 20 min. EXCH was removed in WM lk residue -- 
was diluted with ioe-water 00 ml), acidifid with 2 N-HCI. and sxtractad with ether. Ihe ether soln was wash& with brine, 

md concentrated in vacua. Ihe residue was dissolved in C6H6 (5 ml) and mncentrated in va- 'Ibe resih2: f&id was -- -- 
recrystalli~5two times from acetare-n-haxans 

CHC131 flit. 
(1:5> to21giva L9 g (87.1 $1 of 1%. ID+ 92&935*t fOID -U"(rQs, 

m.p 93.3h93.S"# IUlD -3.2°(CHC13f lit. RI+. 86187'~ fUl, -l.O"(EtOH)l. Wound: C, 70.78, H, 11.60. 
c$ for C16H320y c, 70.541 H, lL84 8). ?he IR and NM? spctra of CR_)-15b were identical with those reprted previous- 

(RI-2-Acewic e 150 Ac20 (25 ml) was Killed to a soln of (R)-15b (255 g, 9.36 mmol) in C5H5N (50 ml). Ihe 

soln was stirred for 15 h at room temp It wss then diluted with ice-water (20 ml) and C5H5N (20 ml). After stxriq for 

10 min. the soln was diluted with ether MB ml). Ihe ether soln was washed with 2 N-HCI f300 ml Y 2) and 15 % t&Cl q 

(200 ml x 10) tnrtil the aq layer bacame neutral. Ihe organic layer was was&d with ice-water flOO ml) & ccncentrated & 

va- l'hs residue was dissolved in Etch 15 ml) and colcentrated in vanxc. 'ha reaiduai solid was recrystallized from n- 

hexane to give 2.72 g (92.4 $1 of 15~. m. 
-P 

61.0*62.0'! 1CZ1,22 -*y +10.6 (c 0.52, CHCl3)p Vmex (nupl) 3190 (sf, 1740 (a), 

1690 W, 1265 (~1, 1245 (6). 1220 (a) cm i 60xX3) 0.87 [IH, deformed t, J=f, Hz), 1.24 (24R, b&s), ldolz.00 (M, m), 

2.11 (3H. a), 4.96 (1H. t, J-6 Hz), 9.70 (lfi, br.s, C028). (Found: C, 613.52; H, 10.85. Calc for CIBH3404: C, 68.751 H, 

10.90 8). 

pit.ro@snyl (R>-2-acetoxyhaxaaete 15d. A mixture of @I-15~ (126 g, 4.0 mrolf and p-nitzo@enyl tsifluoroacetate 
f4iD g, 17.0 mm&) in C5H5N (5 mlf was stirred for 18 h at loom tem~ C5H5N was removed in MNO (~5 mm&f. ?he residue 

was ckomatcqra@xxi ever SiO, Elutia, with n-hexane-etber ~20~1) gave 158 as an oil. ?his was dissolved in a small 

amamtofn~ snd left to sti in a refrigerator to ~LWZ 169 9 668 8) of 15d, XII.& 32-33'~ PX~19.7°~clx)o, 

CHC13); Vmax (K&t disc) 1790 (6). 1755 (s), 1620 (ml, 1600 cm), 1535 (81, 1355 (s), 1245 (81, 1210 (6) cm li G(CDCl,) 
0.8011.00 (3H, m), 1.26 (24H. br.s), 1.75-2.10 (2H. m), 2.17 (3H, s), 5.16 (I& t, J-6 Hz), 7.33 (2H, d, J=lO Hz), 8.32 

(al. d, J=10 Rs)r TLC (n-hsxana-etbar;l:l) Rf 0.65. (Faud: C, &lo; Ii, 8.50, N, 3.18. Calc foX C24R3706N: C. 66.331 H, 

835; N, 3.22 9). The optical pxity of W+l5d was determined as follows A mixture of 15d (2 mg) and (F)-(+I-l-U'- 

na@.hyi)ethylamina (3 mg) in C5H5N fSU1) was left to stand for 4 h at raxn tamp ?he soln was than diluted with ether (2 

ml). me ether soln was washed vith water, sat Na2UJ3 2 N-K!1 and water, dried t!4g~41 and o?ncentrated in va_ m 

residual 16, W (nujoll 1740 (sf, 1645 W, 15x1 (8) cm '8 was submitted to ths WPK analysis Kolumn. Nucleosil40-5, 

25 cm x 4.6 mmr Solvent, n-hexane-ether=lO:lz Plow rate, 2.1 ml/min) Rt 22.7 min 12 $1, 25.0 min (98 a). The Optical 

pity of 16 was therefore 96 a e.e. 

(4E,~ZS,3~2~)-N-2g-Acet~l-l*~~l~me~yl-4,8-sphingadienine 10. 2 N-K1 (2 ml) was added to a soln 

of 13 WOO mu. 2.0 mmol) in 'RIP (16 ml). Ihe mixture was etirred for 20 h at room temp It was then diluted with ice- 

water (40 mlj-and extracted with C?kX3-HKH (87:131 100 ml x 3). ?he organic 9oln was dried ft4w4) and cuxentrated i" 

vacua to give ca 900 mg fquantitative) of 17. Otis was dissolvsd in C5H5N (4 ml). m this soin of 17 was added a soln of 
El_69 g, 3.9 mmoll in C5R5N (4 ml). ?k mixture was stirred for 2D h at 45". 'Ik =lvrntt was rWoved in Vdcuo ard +he 

residue was chromatographed over Si02. Elution with n-haxane4ther f2:l) gave a yellowish oil, wbX?e suln in a Small 

amount of n-h-a depsiti crystals of 1~ ?his was racrystallized from n-hexane to give 8% mq (627 * from 13) of Wi? 

lc as fine needles, m.p 7e0175.0'1 fal~~.5°k=o.68, CX!13)r ~max WEr disc) 3120 (6). 1735 (8). 1660 W, 1600 (w), 

1550 (~1, 1275 (61, 1240 (81, 705 (8) cm '8 dCCDC1,) 0.87 (6H. deformed t, J-6 Hz), 1.23 (40H, br.s), 1.54 (3H, a), 

1.7052.20 (6H. m), 2.08 (3H. 81, 2.90 (lH, br., OR), 4.10-4.70 (4H. ml, 4.90-5.20 (2H. m), 5.50'.5.80 (2H, ml, 6.65 (lH, d, 

J-8 HZ, NE), 7.36h7.60 (3H, ml, 7.8E*E.10 (2H. m)t TI,C (n-hoxane-ether=2:3) Rf 0.41. (Found: C, 74.32; H, 10.13; N, 2.02. 

C&c for C44H7306N: C, 74.221 H, 10.33~ N, 1.97 rf. 

(~BE,ZS,~2~)~-2'_l~~~yl-9lnethyl-Q,8 lb. A a&n of NacH in WCXi (0.3 N. 20 mft was addgl 

to a soln of lc (425 ma. 0.6 mm011 in CXl. (30 ml). Ihe mixtwe was stirred for 15 min at - tern& It was then pured 

-trated in va- Ihe residue was czhrcmatograFhed ovex Si02. -- Elutiar vith CX13-EtoRc (3:2) yielded a solid, which 

wa8 rauystallizad from n-haxane to give 248 mg (73.4 9) of lb as white pwder-like crystals, n4p 6=6mO(natwal lb, 

rap 5961'h mixed m.b with tba authsntic ard natural Ib @62'(No m& depression was observed& [U1%+7.4'(cLa57, 



Synthesis of (44E,8~,2S.3R,Z’~tN-~-hydroxybeudsanoyl-l-O-~~glucopyranosyl-9-methyl-4,8-sphingadienine 2385 

CHC13) [natural lbr Itrl;’ +7.3°+0.40(c=0.25, CHCl,)l; Vmax (KBr disc) 3290 (a), 2960 (a), 2930 (8). 2860 (a), 1650 (s), 

1630 (I,), 1535 (8) 1470 (s), 1380 (w), 1330 (w), 1260 (w), 1140 (w). 1100 (m), 1070 (a& 1050 (a), 1025 (m). 960 (ml, 885 

(w), 720 (SR) cmmi; 6trOo MHZ, CtXl ) 0.87 f6H. t. Ja7.0 Hz), 1.2W1.40 140% m). 1.58 (3H, e), 1.95 (2H. t, J=7.5 Hz), 

2.08 f4~, br.8). 3.35 flH, bra), 3.73 ?lH, br.s), 3.75 llH, deformed d. J-11.0 Hz), 3.85 flH, dd, Jl-11.0 Hz, J2-4.0 Hz). 

3.91 flH, dt, J1=8.0 Hz, J2-4.0 Hz), 3.98 flli, bra). 4.10 (lH, deformed t, J-3.5 Hz), 4.25 f1H, bra). 5.09 (US, dd, 

Jl-6.5 Hz, J2-5.0 Hz). 5.51 (lH, dd, 51-15.5 HZ. 52-6.5 Hz), 5.79 <lH, ddd, J1-If.5 HZ, J26.0 Hz, J3-5.0 Hz); HPTLC 

(CHC13-HeoH=9:1) Rf 0.53. (Found: C, 74.40; Ii, 11.75; N, 2.39. Calc for C3SHG704N: C, 74.28; H, 11.93; N, 2.48 a). The 
IR and NM7 speara of the synthetic lb were identical with thcee of the Mtural ti l?le HFl¶L analysis also mnfirmed 

their identity. 

~4R,~,,Zs,39,2~~-N-2~-~~l-l~~l-~rn~l-4,S-s~~~~ 19a. I" the 9ru9e ina"ner asdescribed 

above for the syntbeeis of lc, 14 f300 mg, 0.75 mmo1t gave 268 Ia9 (49.9 \) of 19a as B Fale yellow wax, VulBxtFBraiscf 

3360 (a), 2940 (s), 2860 fsf, 1745 (81, 1720 (a), 1643 (8). 1605 (w). 1550 (s), 1470 tmf. 1450 (in), 1380 ks)t 1320 (Wf, 

1275 kf. 1240 (s), 1180 (w). 1160 (w), 1125 (6). 1110 (ml, 1070 (w), 1040 (w). 970 (z-n), 880 (wf. 800 (wf. 710 (5) cm-11 

h(COCl,) 0.7E1.00 (6H, ml. 1.23 (40H, bra), 1.53 (3H, s), 1.70--2.20 (6H, ml, 2.10 (3H. s), 4.1G4.60 (4H, m), 4_9@5.25 
(2& m), 4.90-5.25 (ai m), -3.80 (2R+ m), 6.45.6.70 US, m), 7.3gc7M (3& m), 7.90.8.12 (2H, m). lhis was employed 
in the next step withart further pvificatia 

(4E,8E,2s,3s,2~)-N_2ttlydraxyhexddecamyl 19b In the gall)* ranner asdesaibedakovefor* 

synthesis of lb, 19a (70 m9, 0.10 mmol) yielded 43 mg (77.3 b) of 19b a8 d colorless waxy solid, 1CS1~3+6_<tc=0.?, 
CHC13f; Umax (KBr disc) 3300 (61, 2960 (8). 2930 (81, 2860 fsf, 1630 tsf, 1530 fsf. 1460 ($), 1380 (WI, 1310 (wf, 1135 
(WI. 1080 (in), 1045 fm), 960 (ml, 720 (nf cm-'; 6(C!bCl,) 0.87 (6H. deformed t, J=6 Hz), 1.24 (40H, br.61, 1.55 f3H, S), 

1.7052.20 (6H, m), 3.Oh3.60 13% m, OU), 3.60.4.50 (SH, in), 4.9W5.20 (1H. ml, 3.30*5.80 t2H. ml, 7.15 (lH, m). (Found: 

C, 74.11; H, lLfl0; N, 2.37. C&c for C3&p4N: C, 74.28; H, 11.93; N, 2.48 b). A small amamt of 19b was mixed with the 
synthetic Ib an3 the mixed m.@ was measured. No sharp mired m+ was observable and the solid melted at 54.60.. 

~4E,SE,2S,~,2~)-N-2'-~~~~l-l~benzoyl-30-~t-butyldiphenylsilyl)-9-methyl-4,8-sphi"gadienine Id. A sol" 

of Lc (350 mg. 0.49 mmolf, t-BaFb2SiCl (620 mg, 226 mmol) and imidazole 1155 mg, 2.26 mmol) in DMF (2.0 ml> was stirred 

for 3 h at 70". It was then poured into 2 N-HC1 (30 ml) and extract& with ether (MO ml)_ llae ether sol" was washed with 

brine. drlexi (BigSOd) azx? ancsntratpl in "cua22nte residue2~as chrunatcqraph8d oyer SiOr Eluticm with n-h--ether 

(1O:l) 9a"e 418 mq (89.5 b) of Id as en al, nD 1.5094; [a),, +3.8'(c=O.6, CHC13); Vmex 3440 cm), 1730 (8). 1725 c(i), 

1685 (s), 1600 (w), 1590 (w), 1510 (6). 1450 (6). 1270 (6). 1220 (s), 1110 (8), 705 (6) cm-l; 6(CZC13) 085 (6H. deformed 

t, J=6 Hz), 1.07 (9H, s), 1.22 (40H, br.s), 1.47 (3H, 81, l-6021.95 (6H. m), 2.04 (3H. 81, 4.10'.4.50 (3H, m), 4.60*5.40 

(5H, ml, 6.50 UH, m, Nil), 7.15-8.00 (15H, ml; lx! (n-tx?xaM_eti4:1) Rf (u9. (Fand: C, 76.23; H, 9.61; N, 1.67. C&C 
for C60Hg106NSi: C, 75.82; H, 9.65; N, 1.47 b). 

f4E,8E,25,3R,2'R)-N-2'-Hydroxyhexade~anoyl-3~(t-butyldiphenylsilyl)~ae~l-4,8-~~~ le. A Sol" of N&i? in 
MeCH (0.2 N, 20 ml) was added to a stirred sol" of Id (4CG mg. 0.42 mmol) in Mc13 (30 ml>. % mixtxne wa8 stirred for 13 

min at ro3m temn wed into ice-water (50 ml) ax3 extracted with CfiC13 030 ml, 40 ml x 21. The ml3 sol" was dried 

@@J4), and cmcentzated in vacua2 ?he residue22was chrrxnatogr&e3 aver SiO, Elution with n-heza"e~~ther (1:2) gave 311 
mg (91.9 b) of le as a" oil, "0 1.5070; [al, -9.8%=0.7, CHC13); Vmax 3400 (6). 1650 (s), 1590 (w), 1530 (61, 1460 

(a), 1110 (s), l@KP-1040 (s), MO (s) cm-'; d@XCl,, O.QO (6H, deformed t, J-6 Hz), LO9 Ml, a), 1.28 (4CH, brs), 1.52 

(3H. 81, 1.70*2.05 (6X. m). 2.7053.00 (2H, ml, 3.30--3.80 (2H, m). 3.80-4.40 (3H. m), 4.70-5.10 (lli, m), 5.153.40 (2H, III), 
6.80-7.10 llH. m, Ni), 7.M-750 (6H. m), 750-7.90 14H, ml; TLC (n-k- t&?rl:4) Rf 0.33 @&I&: C, 76.42; H, 10.64; 
N, 1.63. Calf for C51HS504NSi: C, 76.15; H, 10.65; N, 1.74 PL 

~4E,8E,2S,3R,2'R~-N-2a-~~h~l-l~~t~a~a~tyl-~lu~~yl~-3~~t-tutyldiph~ylsilyl~-9-methyl-4,6- 

e@ingadienine If. Dry C6H6 (8 ml) was ad&d to a eoln of le (203 mg, 0.25 mm&) in M&J2 (8 ml) anl the sol" WBB stirred 
and heated at 100hllOQto re- moisture by cc-distillation with C6H6. lhe mixture was oarcentrated to the vdume of ca 4 

ml and aaled To the soln were .x&xl 20 (154 mg, 0.37 mm011 and H9(aG2 (94 rq, 0.37 mmol) and the mixture was stirred 
ard heated at SC?for 35 h. After cooling. the mixture wa8 diluted with ether (2CXYJ ml). lhe ether sol" was shaken with 

sat HIS aq (50 ml) and the black p@ of i+qS was ramaved by filtratlm. me c,qanic sol" was washed with sat N&i033 aq and 

brine, dried (Bk@4) and concentratgl in vacua. lte residue was cbroastcqra@x3 over Si02, Eluticll with n-hexanPEZtOAe -- 
(6rl) gave 133 mg (47.2 $1 of If as a visocus oil, Vnax 3420 (s), 17x) (8). 1653 fs), 1590 (~1, 1523 (a). 1460 (sf, 1430 
(5). 1370 is), 1240,.1220 (sf. 1040 <s), 700 (6) cm-l; 6CCDcl,, 0.87 (6H. deformed t. J=6 Hz), 1.05 (9H. sf, 1.24 (40H, 

bra), 1.48 (3H, 8). l-60-2.20 (6H, ml, 2.01 (12H, bra), 2.62 Illi, d, J-3 Hz, OE), 3.40-4.50 (9H, ml, 4.70-5.50 (6H, m), 

6.81 (1H. d, J*8 Hz, Nli), 7.30.7.85 (1OH. m); HFTLC (n-hexane-EtOAc=l:2) Rf 0.63. This was employed in the next step 
withcut further plrificatlcn 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
lg. A Solo of t&CM in Heck (M N. 2 ml) was added to a soIn of If (120 nq. O&X mm&f in CBCl, 16 ml). 'I& mixture was 
stirred for 20 min at - tamp, diluted with ice-water (5 ml), neutr*li&i with 2 N-Xai aq a& extracted with Xl3 (20 

ml x 4). Ihe CTiC13 soln was washed with brine, dried M$X14) and concentrated in varxal lB.3 residue Was chrcmataqra#xd 

over Si02. Elution with CHC13-MeOH (2O:l) gave 85 mg (83.2 a) of lq a8 a gum, (al, _ 

disc) 3400 (s), 1640 (a), 1530 (s), 1105 (s), 1075 (8), 700 (s) cm -'; 

-26.5 (c-0.2, CHC13); Vmax (KBr 

6 (COC13) 0.70-1.00 (6H. m), 1.04 (9H. a), 1.25 
(40H. bra), 1.49 (3H, s), 1.60*2.00 (6H. ml, 3.00*4.50 (13H. m), 4.8+5,30 (6H. ml, 7.30~7.90 (lOI& m); HPTLC (CHC13- 
HeOH=9:1) Rf 0.33. (Found: C, 70.20; Ii, 9.80; N, 1.60. 

C37t!q50QNSi.1/2 H20: C, 70.18; H, 9.92; N, 1.44 k>. 
Calc for C57Hg509NSi: C, 70.83; H, 9.91; N, 1.45. Calc for 

(4S,~,ZS,3R,2'R1-N-2'~~l-l~~l~~l~~l-4,8-s~~i~ la. A soln of fn-B~)~Nl' in 
lTiF (1 M, 0.S ml, 0.8 maoll was added to a s&n of lq (80 mg, OL83 mm11 in lliF (0.4 ml) and the mixture was stirred for 
20 h at room tamp It was then diluted with zN+Kl (20 ml) Md extracted with ~3-xeal (87:13; 60 ml, 30 ml x 51. The 
organic sol" was dried (Hpsoq) and anoentrated in vaaa Rm r?lidue was chromatogra~ OvBr Si02. ElutimlFth Mc13- 
MeOH (12:l) gave 43 mg (71.4 t) of la as a glassy solid, [al, -7.3°+0.20k?*0.50, CHC13) [natural la: IQ10 -7.490.4° 
(c-0.30. CHC13)l; Vmax (KBr disc) 3400 (8). 2975 (6). 2940 (81, 2870 (a), 1640 (6). 1535 (8). 1470 (8). 1380 (w). 1325 
(w), 1300 (WI, 1160 (w), 1030 (9). 1035 (8). 965 (m), 900 (ml, 7M (m) cm-l; 6(400 MHz. ar13, recur&d at 65.) Oss 16H, 
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t, J-6.3 Hz), 1.27 (38H, bra), 1.35-1.44 (2H. ml, 1.08 (3H. 81, 1.65 (2H, bra, 0111, 1.95 (2H. t, J-7.5 Hz), 2.06 (4H. t, 

J-2.5 Hz), 3.35 (ZH, g, J-8.5 HZ), 3.53 (2H, quint, J-8.5 Hz), 3.65 (lH, m, Oe), 3.78^3.90 (3H. ml, 3.98 (1H. dd. Jl-11.0 

Hz, J2-6.0 Hz), 4.05~4.17 (1H. in, OR), 4.34 UH, d, J-7.8 Hz). 4.48 (2H. III, OE), 4.71 (lH. m, OR). 480 (1H. m. OE). 5.10 

(I& ml, 5.47 Ui, &I, Jl-15.6 Hz, J2-6.4 Hz), 5.77 U.H, deformed 4 J-15.6 Hz), 7.28 cl& 4 JaO Hz, =)I HPl?& Rf 0.32 
Ideveloped with aIC13-Mw3:17 (v/v)11 Rf 0.47 (da&q& with cHc13-MeUt~ IKX32H_70:18:12)r P.f 0.58 (~13-PleCH-water- 

28 * EM3 sq'200:70:6:1)~ HPIC @Z!olumn, 6mshu&N5Clv 25 cm x 4.6 mmi Solvent+ MIXI; Plow rate, 1 ml/minr Detecticn, 220 

nm) Rt 6.5 min. (Found: C, 66.601 H, 10.68; N, 1.92. Calc for C41H7706N*1/2 H20: C, 66.81; H, 10.66, N, 1.90 a). The IR 
arxlNXR spwtraof la wasidenticalwiththceeof the naturalla IheHPIICandHPLCaMlysesalg,arrfirmedtheidentity. 
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