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STRUCTURAL REVISION OF FOUR 
SPIRAMINE DITERPENOID ALKALOIDS 

FROM THE ROOTS OF SPIRAEA JAPONZCA 

BIN-GLJI WANG, XIN HONG. GIJO-YING ZUO 
and XIAO-JIANG HAO* 

Oil the basis of detailed '11-KMR. I 'C-NMR spectrd analjaih. ccpcciallq bq ZD Y M R  expei i -  
iiients ( ' H - - ' H  COSY. HMQC, HMBC, and NOESY) as well ;is by chemical transfornmalion~. 
lour isontisine type diterpenoid alkaloids. spiraminea P and 0. and  Ll and T. have bccn i -ca\- 
4giied as  the 6 f  hydroxyl  m d  6,i acetoxyl substituents, respectively. rather than the prrviuuzly 
,isjigned 150 counterparts in our  further studies on  chemical constituents 01' the root5 or .5'p!rocw 
; / / / " " t i ' c r  Vil I '  t / i  l i i l l .  

Spirucw jirpoiiicw var. iiriitci is onc of  thc most common and abundant 
Rosaceae species in western regions of Yunnan province. China. In 0111- pi-e- 
bious papers [ 1 --9]. w e  reported twenty-two new structures of the spiraminc 
scries. spiraminct A ~ - V .  isolated from Spirrictr j ~ / p c t r r i c n  viti-. ( i c u i i i i i i ~ f i i  

Franch. Spivrrm iqioii im var .  iiciitu Y u. and , ~ p i ~ f ~ ~ i ~ i , i c i p o i t i ( , ( /  \.:I I-. i / i , y iw Yu. 
Among them. the structut-cs o f  spiramines P. Q. T. and U were proposcd ;is 
1 .  2 151. 3.  and 4 [7].  respectively. I n  our previous paper concerning the struc- 
ture elucidation of spiraniines P ( 1 )  and Q (2). one of thc hydroxyl p-ot.ips 
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272 BIN-GUI WANG et al 

was erroneously assigned as 15cr substituent by comparison of the "C-NMR 
data with those of spiramine C (5)  [9] since the hydroxyl-bearing methine 
signal was recorded as a broad singlet in the 'H-NMR spectrum [ S ] .  Later in 
another paper [7], structures of spiramines T (3) and U (4) were determined 
by comparison of their 'H- and "C-NMR data with those of spiramines P (1) 
and Q (2). In our continuing studies on biologically active andjor structur- 
ally novel compounds from Spiraea japonica and its varieties, we recently 
reexamined the chemical constituents of Spiraea japorzicu var. acutu, col- 
lected in another place of Li Jiang, Yunnan province. Apart from spiramines 
A (6) and B (7) [9], we also obtained spiradine F (8) [lo] and spiramines P (1) 
and U (4). Detailed NMR analysis, including 2D NMR experiments and 
chemical transformations, resulted in the structural revision of spiramines P, 
Q, T, and U to structures 9-12, rather than Structures 1-4, respectively. This 
paper describes the structural revision of these four diterpenoid alkaloids. 

RESULTS AND DISCUSSION 

The 95% ethanol extract of the roots of Spiraea juponica var. uciitu was 
treated in the usual procedures [9] to give alkaloid fraction which was sub- 
jected to repeated column chromatography on silica gel (petroleum ether- 
acetone-diethylamine, gradient) to afford spiramines A and B [9], spiradine 
F [10,11], spiramine P [S] and spiramine U [7]. 
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11 12 

The molecular formula o f  spiramine U ,  obtained as colorless crystals. \vas 
determined as C'24Hi505N (41 7.2500. calcd. for C24fI.3505N. 317.15 15) b y  
hiyh resolution EIMS. The IR spectrum showed absorption bands for 
hydl-osyl (353 1 crn ). ester carbonyl ( 1  723 cni ) >  together with ether 
linkapc (1038. 1040 cin -I), The isoatisinc-type skelcton for spiraminc I.' 
\\-as established by comparison o f  its ' H -  and '.'C-KMR data with those 
reported [9.1?.13]. The 'H-  and "C-NMR data were assigned on the basis 
of ' H  - ' H  COSY, DEPT, HMQC. and HMBC experiments (Tables I a n d  11). 
Thc ' H-NM R spectrum clearly exhibited thc presence of two tertiary methyl 
groups at  b 1.07 (3H. s. H-18) and 1.36 (3H.  s. H-17). one ;tcctyl nicthyl 
group a t  ;4 2.00 (3H, s. - OAc). and an  oxamlidint. ring system a t  t 3.63. 
3.43, 3.26. and  3.17 (each JH. in. H-2%. 22b. 21a. and 21b) and b 3.83 ( I H .  
s. H- 19). among them the latter suggested the S-configuration of C- 19 in the 
oxn7olidine ring of  spiramine U "9,141. Meanwhile, two hydroxyl-bearing 
inethiiie proton sigiials at h 3 .S3  (JH. d.  J z 3 . 9 H r )  and h 5.61 (1H.  dd. 
.I z- 2.0. 4.9 Hr) were igiiable to H-7:i a n d  H-6(>, respectively-, and these 
de.sign:itions wcrc further confirmed by I H H COSY spectrum which 
showed clearly cross peak of the two protons. Similarly H-5 ( h  1.08. d. 
, J F  2.0 Hz) also showed cross peak with H-h in ' H -  ' H  COSY spccti-um. 
The above data confirmed that the hydroxyl bearing methine proton must 
be linked to C-6 in spiramine C T .  The other identified cross peaks in ' H  't1 
COSY spectruni were listed in Table I .  

O n e  bond correlations between ' H  and "C nuclei were established bq 
HMQC experiment. which provided valuizblc evidence to establish the atruc- 
ture of spiramine I!. The signals of C-6, C-7. C-  I 9  ;iiid ('-20 in  the "C-NMR 
spectrum at C; 70.8 (d), 70.8 (d), 94.6 (d),  and 85.4 ( ( 1 )  correlated wilh [he 
corresponding protons in the 'H-NMR spectrum at 6 5.61, 3.53, 3.83 and 
4.54. The oxazolidine ring carbons C-21 and C-72 resonated in the I3C-NMR 
spectrum at 6 51.0 ( t )  and 63.3 ( t )  correlated with the protons ;it b 3.26. 3.17. 
and 6 3.63, 3.43. respectively. Three methyl carbons resonated a t  i, 31.3 
iC-17). 22.5 (C-IS) and 11.2 ( OAc) were coupled with protons at h 1.36. 
I .07 and 2.00 .  i.espectivcl1,. in the H M Q C  spectrum. 

I I 
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274 BIN-GUI WANG e t  al. 

TABLE I N M R  assignments and 'H- 'H COSY. HMQC. and HMBC correlations of 12' 
~ ~ ~~~ 

Atom no. ' f f - N M R  (400 MHz) I3C-NMR (100MHz) 

b ( J m  Hz) ' I I - ' H  COSY 6 DEPT HMQC H M B C ( H -  C )  

1 

2 

3 

4 
5 

6 

7 

8 
9 

10 
11 

12 
13 

14 

15" 

16 
17 
18 
19 
20 
21 

22 

23 
24 

1.68 ( IH,m)  
l.lX(1H.m) 
2.03 (111, m) 
1.40 (1H. m) 
1.46(1H3m) 
1.20(1H. m) 

1.08 (IH, d, 
J =  2.0) 

5.61 (IH, dd, 
J =  2.0,4.9) 

3.53 (IH, d, 
J=4.9)  

1.53 (IH, m) 

1.50 (IH, m) 
1.31 (IH, in) 
1.51 (IH, m) 
1.91 (tH,.m) 
1.38 (IH, m) 
1.80(1H,m) 
1.21 ( I H ,  m) 
1.90 (1H, dd, 
J=3.4 ,  12.4) 

1.28 ( lH,  d. 
J =  12.4) 

1.36 (3H, s) 
1.07 (3H, s) 
3.83 (1 H, s) 
4.54 (IH, s) 
3.26 (IH, m) 
3.17 (IH, m) 
3.63 ( lH,  m) 
3.43 (lH, m) 

2.00 (3H, s) 

2 

1.3 

2 

6, 19.20 

5,7 

6 

11 

9,12 

11,13 
12,14 

13 

14 

15 
5 
5 
5 
22 

21 

29.2 CH2 H-l 2,3,9,10,20 

20.2 CH2 H-2 I ,  3 

40.6 CH2 H-3 1,2,4,5 

35.4 c 
52.8 CH H-5 3,4: 6,7,10,19,20 

70.8 CH H-6 4,5,7.8,10,23 

70.8 CH H-7 5,6,8,9,15,20 

36.4 c 
43.2 CH H-9 5 ,8 ,10 , I I ,  14,15,20 
35.2 C 
22.7 CH2 H-I1 8,9,10,12, 13, 16 

39.0 CH H-12 9, 11,13. 14, 15, 16, 17 
21.2 CH2 H-13 11, 12,14,16 

26.3 C€Iz H-14 8.13,15 

47.4 CH2 H-15 8,9,14,16, 17 

72.4 C 
31.3 CH3 H-17 12,15,16 
22.5 CH,  H-18 3.4,5 
94.6 CH H-19 3,5,20 
85.4 CH H-20 5,7,9,10,19,21 
51.0 CHL H-21 19,20,22 

63.3 CH2 H-22 19,21 

169.4 C 
21.2 CHI 23 

*Using CDCI, as solvent. b in ppm. 
aThe H-lS,Bproton showed W-type coupling (J= 3.4Hz) with one of the H-14 protons. 

Long-range 'H-I3C chemical shift correlation (HMBC) provided further 
conclusive structural evidence for spiramine U. Some selected HMBC corre- 
lations are shown in Fig. 1.  The observed cross peaks between H-6 and C-4, 
C-5, C-7, C-8, C-10 and C-23, between H-7 and C-5, C-6, C-8, C-9, C-15, 
and C-20, and between H-17 and C-12, C-15. and C-16 supported structure 
12 for spiramine U .  
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\ r R t  CTIJKAL REVISION OF 5PIRAMINF I)ITERPTNOlD ALK/\LOIL)\ ' - 5  

l 3 2 ( I H , i n j  
1.21 ( I J i ,  111) 

2.26 i IFI ,  in) 

I ..?O ( 1 H. in) 
I 40 ( 1 t i .  I l l )  

l . 5 7 i l l l . n i )  

I 3 S  ( I  ti. br, s)  
5.09 i I H. dd,  

J .2 .1 .4 .9)  
3.711 ( I  ti .  d .  
,/ ~= 4 . L ) )  

2 0 :  ( I  t i ,  dd. 
.I ~:- 7.3. 10 51 

I ~ 1 0 ( 1 l i . l 1 1 )  

I 23 ( 1  H, m) 
l . 8 2 ( l l i . r n j  
7 65 (I H. i n )  

I .4X ( 1  H. m )  
2 12 ( l l i .  111) 

I . 5 0  ( 1 H . m ) 
3.06 (IH, dd ,  

.I -1 .2 ,  12.4) 
I Xr)( lH.d,  
.I = I ?  4) 

1.71 (311. s)  
I .40 (3H, s )  
? . Y l  (lH.s) 

3.38 (IH. m )  
3 .  I X ( 1 H, in) 
3 75 (IH. in) 
3 . 4 0 ( l H . m )  

4.64 ( i r r ,  s )  

11-5 3.4 .6 .7 .  I Y . 2 0  
t i M  1. 5 . 7 .  s. I0 

I 5.6.X.O. 14. 15.20  

H-0 5 .  h. I I .  14. 15. 2 0  

ti-I I 9. I - ' .  I h  

11-12 9 . I l . l . 7 . I I .  IS I h  I 7  
H - 1 7  i iI 12.14 .  I(> 

11-14 s. 15 

lib15 S . Y .  14.16. 17 

t l - 1 7  17. i s .  l h  
H - I 8  1.4.5, 1') 
11-19 3.5 .20 .22  
11-20 5.7.9. 10. 19.21 
H-21 2 0  

li-72 10.71 

*Us ing  C5D,N a, d v c i i t ,  h i n  ppni. 
"The H- I 5  i pro ton  showed W-type coupling (.I= 3 2 131) with  ot ic  of'hc H-  IJ protmis. 

The relative stereochemistry of 12 was deduced by NOE interactions from 
a NOESY experiment. H-5 signal showed cross peaks both to H-I8 and 
H-7. suggesting H-5, H-7, and H-18 in the syn- and $configuration. Fur- 
thermore, the observed cross peaks between the C-6 acetoxyl methyl signal 
to H-5 and H-7 proton signals also indicated the ikonfiguration for C-6 
acetoxyl group. 

To provide chemical evidence for the structure of spiramine U, chemical 
transformations were also conducted (see Fig. 2). The known compound 
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276 BIN-GUI WANG et al. 

FIGURE I Selected HMBC correlations of spiramine U 

spiradine F ( 8 ) 

""CH, 

NaBH4 

MeOH 

01,'. OH 

spiramine U ( 12 ) tetraol ( 14 ) 

FIGURE 2 Chemical transformations of spirddine F and spiramine U 

spiradine F (8) was reduced with sodium borohydride [lo] to  give a triol (13), 
the exo-carbon-carbon double bond of the triol (13) was then hydrated 
by the oxymercuration-demercuration procedure [ 151 to give a tetraol (14). 
Similarly, mild reduction of spiramine U with sodium borohydride also gave 
the tetraol(l4). suggesting that spiradine F and spiramine U possess the same 
substitution pattern in ring B. 

From all of above mentioned spectral and chemical evidence, the struc- 
ture of spiramine U should be concluded as (12), not as (4) in our previous 
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STRUC7'1 IRA1  REVISION OF SPIRAMINE DITERPEUOID A L K A I  OIDS 177 

report [7]. I t  should be pointed out that the structure ofspiramine U (12) has 
been previously reported as a C-19 epinieric mixture ( I  : 1) from 1 h / k / r z ! m  
.sc~s.cili~, named ;is thalicsiline [ 16,171, while it should be regarded as a pure 
compound in our present study. It should also be mentioned that the 

C-NMR data of the methene signals, C I ~ 3, I I .  I3 15 for thalicsiline, 
reported by Wu cf ~ 1 . .  should be reassigned according to our present 21) 
NMR study. 

After the structural confiriliatioil of spiramine U ,  it is easier for us t o  
revise the structure of spiramine P. The elemental formula of spiramine P 
was determined by high resolution EIMS as C22H3304N (375.2386, calcd. 
for C,2H3,04N, 375.2409). The complete 'H- and "C-NMR connectivity 
was also established by extensive use and interpretation of ' H  ~ ' H  COSY, 
HMQC. and HMRC NMR spectra (Table II), which provided unequivocally 
struct~iral revision of spiramine P from I t o  9. 

Some structural and spectral features of spiramine P are worthly of men- 
tion. The existence of two coupled one-proton signals, which appeared as a 
doublet at  0 3.70 ( J=4 .9Hz)  and a doublet of doublets a t  h 5.09 ( J -3 .1 .  
4.9Hz) in  the 'H-NMR spectrum, were clearly observed in 'H- 'H COSY 
spectrum. These two protons are assignable to H-7/! and H-60, respectively. 
Moreover, the signals of-C-4. C-5, (2-7, C-8, C-I0 in the I3C-NMR spectrum 
;it r! 35.8 (s). 56.8 (d), 75.2 (d), 37.5 (s), 36.0 (s) correlated with the samc 
proton signal a t  6 5.09 (H-60) in HMBC spectrum, confirmed that one o f  
the hydroxyl groups was attached to C-6 position. Some other significant 
cross peaks in the HMRC spectrum include H-7 and C-5, C-6, C-8, C-9. 
C-14, C-15, C-20. and between H-17 and  C-127 C'-15, C-16 (see Fig. 3 ) .  
Thus, the structure of spiramine P should be represented as 9, rather than 1 .  

Although we have not isolated spiramines Q (2) [5] and T (3) [7] in our 
present study. we suggest here that their structures should also be revised in 
the same way t o  structures 10 and 11. respectively, by detailed analysis of 
the reported NMR data. 

1 3  

I I G U R E  3 Selected HMBC correlations of spiramine P. 
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278 BIN-GUI WANG er ai. 

EXPERIMENTAL 

General Experimental Procedures 

Melting points were determined using a Kofler micro-melting point appara- 
tus and are not corrected. Optical rotations were obtained on a HORIBA 
SEPA-300 High Sensitive Polarimeter. IR spectra were recorded as KBr 
tablets with a Bio-Rad FTS-135 spectrometer. EIMS were measured on a 
VG Auto Spec-3000 spectrometer with direct inlet as 70eV. ID and 2D 
NMR were taken on a Bruker AM-400 and DRX-500 spectrometer using 
TMS as internal standard. TLC was performed on TLC plates precoated 
with Silica gel FZs4 (Qingdao Haiyang Chemical Ltd.). Solvents were dis- 
tilled prior to use. 

Plant Material 

The roots of Spiraea japonica var. acuta were collected in Li Jiang, north- 
western Yunnan province, in July, 1998, and thc specimen was identified by 
Prof. Zheng-Wei Lu of Kunming Botanical Garden. The specimens (9807L) 
were deposited in the Herbarium of Kunming Institute of Botany, Chinese 
Academy of Sciences. 

Extraction and Isolation 

The air-dried roots of Spiraea japonica var. acuta (200 kg) were extracted 
with 95% ethanol in reflux condition for two times in a semi-plant scale 
equipment in Kunming Institute of Botany. The extracts were condensed 
in vacuo to give a crude residue (12 kg) which was dissolved in 3% HCl solu- 
tion and filtered. The acidic solution was basificd with 5% aqueous NaOH 
to pH 1 1  and then extracted with CHC13. Evaporation of CHCl3 solution 
gave 1.2 kg of crude alkaloid fraction which was subjected to column chro- 
matography on silica gel. Elution was carried out with mixtures of solvents 
of increasing polarity starting with petroleum ether-acetone-diethylamine. 
The fractions eluted with petroleum ether -acetoneediethylamine (40 : 10 : 1) 
were combined and concentrated and then further purified by repeated flash 
column chromatography using petroleum ether-ethyl acetate-methanol 
(32 : 4 :  1) to afford the major compounds 6 (3.5 g), 7 (3.0 g), 8 (20g), and 
a minor constituent (50 mg), whose structure is still under determination. 
Compound 9 (300 mg) and 12 (1 .O g) were obtained from the fractions eluted 
with petroleum-acetone-diethylamine (20 : 10 : 1). 
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s I R C  c ri R A I  REVISION OF SPIRAMIUE DITERPEUOII)  A L K A L O I D S  Z'Y 

Spir(/mi/io C' (12) This was obtained as colorless crystals. m.p. 2 I5 
3 17°C; [ ( v ] ;  - I 12.5 (c 0.35, CHC13); IR  ( KBr) ?,,,;iu 3531, 2925, 2880, 1723. 
1460. 1372. 1141. 1204. 1121, 1094, 1040, 1028, 1007. 935, 894cniY': 'H-. 

C-NMR. and 2D NMR data, see Table I; EIMS: wi/: 417 [MIt (100). 
400 (7). 389 (24). 374 (62). 72 (38); HREIMS m:1z 417.2500 (calcd. f-or 
C2J-13.;05N. 41 7.2515). 

Colorless crystals, rr1.p. 239-240°C; [a].16 -44.3 (c 0.30. 
C'HCI;); IR (KRr)  yrillilx 3443, 2936. 2909, 1882, 1463, 1406. 1371: 1205, 
1 1  19. 1098. 1037. 1023, 9x1, 909, 873~111 I :  'H-. "C-NMR, and 2D NMR 
data. see Table 1 1 ;  ElMS mjr 375 [MI' (YO). 346 (SO). 319 (75),  278 (35), 180 
(100). 92 (50). 72 (78); HREIMS HZ;: 375.2386 (calcd. for C22Hi304N. 
3 7 5.2409 ). 

Sodium borohydride (600 mg) was 
added to a solution of 500 mg of spiradine F (8) in 50 in1 of C H 3 0 H  and the 
rcaction rnixturc was stirred at  room temperature for 3 h. Removal of  the 
solvents undcr reduced pressurc gavc a residue which was partitioned 
between HzO and CHCI?. The organic fraction was taken to  dryness and 
chromatographed over a silica gel column (mobile phase, CIIC13 : C H 3 0 H  
12 : 1 ) to give a Lriol (13) (38Y mg, yield 86%). whosc slructurc was idcntificd 
by spectral analysis. Trio1 (13): IR (KBr)  3367, 2Y43, 2856, 1656, 1456. 
1434, 1373, 1101. 1083. 1040cm-'; '€1-NMK (400MWz, CDCI;): A 4.75 

' I  

Spirrn~ine P (9) 

Mild rrr/ircx~io/i of J p i r d / w  E (8) 

( I H .  d,  J -2 .2Hz.  H-17a), 4.60 ( I H ,  d. J-2.2Hz.  H-17b). 3.89 (1H. t. 
J = 9 . 9 H z ,  H-bn), 3.65 (2H, t .  . I=6.2Hz. H-22), 3.09 (IH,  d,  J=9 .2Hz.  
H-73),2.45 2.63 (4H,ni,H-19.20), 1.07(3H. s. H-18); "C-NMR(~OOMH;I. 
CDC13): h (DEPT)  40.0 (CH?. C-I). 23.0 (CH?, C-2). 42.3 (CH?. C-3j. 34.X 
(C7. C-4). 53.1 ( C H ,  C 5 ) ,  69.6 (CH. C-6). 82.7 (CH. C-7). 38.3 (C. C-8). 36.4 
(CH. C-9), 38.1 ( C ,  C-lo), 28.2 (C112, C-11). 48.4 (CH. C-12). 36.5 (CH?. 
C-13).22.8(CH~,C-14),45.3(CH~,C-15), 150.5(C,C-16). 106.0(CH2,C-l7). 
29.2 (CHj,  C-lg), 60.7 (CH?. C-19), 54.2 (CH?. C-20), 57.8 (CH?, C-21). 60.8 
(CHI, C-22); EIMS m/r 361 [MIt  (8), 344 ( 5 ) .  331 (45). 330 (loo),  314 (80). 
786 (65) 241 ( 3 2 ) ,  199 (30),  132 (42). 

One hundred rng of mer- 
curic acetate was dissolved in I5 nil of H 2 0 .  To this solution, 100 mg of  trio1 
(13) i n  10 nil of THF was added. The rcaction mixtui-c was refluxed for 1 h 
and then NaOH solution (60 mg NaOH in 5 nil H20) and NaBH4 solution 
(35 mg NaRHl in 5 in1 MeOH solution) were added to the reaction mixture. 
Thc reaction mixture was filtered. After removal of the solvents (THF) 
iii i w ~ x o .  CHC'13 was addcd. Thc organic layer was washed with water, dried 
with Na2S04  and filtered, then taken to dryness under reduced pressure and 
chromatographed over a silica gel column (mobile phase, CHCI-, : C H 3 0 H  

Tlro o . ~ ~ ~ ~ ~ i c ~ r c . r r i . ~ ~ t i ~ ~ t i - ( l e ~ ~ e ~ ~ ~ z ~ r ~ i i i ~ ~ ?  of tr iot  (13) D
ow

nl
oa

de
d 

by
 [

K
un

m
in

g 
In

st
itu

te
 o

f 
B

ot
an

y]
 a

t 2
3:

50
 0

1 
M

ar
ch

 2
01

2 



280 BIN-GUI WANG er a1 

7 : 1) to give a tetraol (14) (48.3mg, yield 46'/n), whose structure was identi- 
fied by spectral analysis. Tetraol (14): 'H-NMR (400 MHz, CDC13): S 4.31 
(IH, t, J=9.9Hz3 H-~cI), 4.05 (2H, t, J=6.2Hz,  H-22), 3.40 ( lH,  d, 
J=9.5Hz,  H-7& 3.06 (2H, m, H-21), 2.57-2.79 (4H, m, H-19, 20), 1.54 
(3H, s, H-17). 1.43 (3H, s, H-18); "C-NMR (100MHz, CDC13): 5 (DEPT) 
41.1 (CH2, C-11, 22.7 (CHZ, C-2), 43.9 (CHZ, C-3), 35.4 (C, C-4), 54.1 (CH, 
C-5), 69.3 (CH, C-6), 83.2 (CH, C-7), 39.4 (C, C-S), 39.0 (CH, C-9), 40.4 
(C, C-lO), 25.6 (CHZ, C-l l ) ,  48.1 (CH, C-12), 23.2 (CH2, C-13), 22.6 (CHZ, 
C-14), 55.3 (CH2, C-15), 71.7 (C, C-16), 31.4 (CH3, C-17), 30.2 (CH3, C-18), 
62.4 (CH2, C-lY), 55.5 (CH2, C-20), 60.6 (CH2, C-21), 62.5 (CH2, C-22); 
EIMS m/z 379 [MI' (22), 378 [M - I]+ (30), 361 (79,349 (96), 348 (90), 331 
(86), 330 (loo), 316 (25) ,  131 (15). 

Spiramine U (12) was also reduced 
with sodium borohydride in the same procedures as those for spiradine F to 
give a tetraol whose 'H-NMR, EIMS data and co-TLC behavior are the 
same as the authentic sample tetraol(l4). 

Mild reduction of spiramine U (12) 
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