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It was satisfying to see that, in the uvaricin and asimicin 
cases (i.e., 3 and 7), the entries with the lowest ZlAs’sl 
values (16 and 9) corresponded to the stereochemistries 
(i.e., e r / t / th / t / th  and th / t / th / t / th )  that had been as- 
signed by simple inspection (vide supra). Even more re- 
warding was the fact that, for the case of rolliniastatin 1 
triacetate (5 ) ,  the entry with the lowest ZlAs’sl value (13) 
corresponded to the stereochemistry (er/c/th/c/th) 
known6 for rolliniastatin 1 (4). It is clear from the relative 
magnitudes of the sums of the lA6’sl that the more quan- 
titative analysis developed and described here was nec- 
essary to retch a conclusive decision regarding the “best 
match” for rolliniastatin 1 triacetate (5).  The fact that the 
stereochemistry so identified is identical with that known 
for rolliniastatin 1 lends considerable validity to this type 
of approach to structure determination. It is likely that 
other opportunities to apply this method to new members 
of this group of bis(tetrahydrofurany1) acetogenins will 
present themselves. We predict that, more often than not, 
this method will be the only way to access this stereo- 
chemical knowledge. 
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P r e f e r r e d  C o n f o r m a t i o n  o f  C-Glycosides .  5. 
Experimental Support for the C o n f o r m a t i o n a l  
S i m i l a r i t y  between C- and 0-Disaccharides 

Summary: Experiments demonstrating the conforma- 
tional similarity between the C-disaccharides 2, 5 ,  and 8 
and the corresponding parent 0-disaccharides 1 ,4 ,  and 7 
are reported. 

Sir: We have recently developed and provided experi- 
mental support for a model to predict the preferred con- 
formations of C-glycosides, based on the analysis of steric 
interactions primarily around the nonglycosidic bond.’ In 
the interest of extending its predictive value to the cor- 
responding parent glycosides, we have undertaken studies 
to compare the conformational preferences of represent- 
ative C- and 0-disaccharides. In this paper we present the 
results of our investigations. 

The methyl C-disaccharides 2, 5 ,  and 81e and the cor- 
responding oxygen-linked systems 1,4, and 72 were chosen 
for study. On the basis of our model, each of these com- 

(1) (a) Babirad, S. A.; Wang, Y.; Kishi, Y. J.  Org. Chem. 1987,52, 1370. 
(b) Wu, T.-C.; Goekjian, P. G.; Kishi, Y. J. Org. Chem. 1987, 52, 4819. 
(c) Goekjian, P. G.; Wu, T.-C.; Kang, H.-Y.; Kishi, Y. J. Org. Chem. 1987, 
52,4823. (d) Babirad, S. A.; Wang, Y.; Goekjian, P. G.; Kishi, Y. J. Org. 
Chem. 1987,52, 4825. (e) Wang, Y.; Goekjian, P. G.; Ryckman, D. M.; 
Kishi, Y. J.  Org. Chem. 1988, 53, 4151. 

(2) These were prepared by known literature methods; see: Schmidt, 
R. R. Angew. Chem., Int. Ed .  Engl. 1986, 25, 212. Schemes for the 
syntheses of la,b, 4a,b, and 7a,b are included in the supplementary 
material. All the new compounds reported in this paper gave satisfadory 
spectroscopic data, including ‘H NMR, IR, and MS. 
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Table I. Nuclear Overhauser Effect (NOE) Data  a t  Room 
Temperature  

enhancement ( % 1” 

la 6.9 7.2 8.7 
28 5.1 0.0 6.1 
38 5.2 3.1 9.1 
l b  4.6 5.3c 8.0 
2b 3.2 0.0 5.1 
3b 5.1 5.1 6.3 

enhancement (% )” 
1’.5(ea) 1’.4 51ea).l’ 4.1’ 4.2’ 2‘.4 

48 4.8 12.1d 11.7O f f 3.4d 
58 5.1 4.3 
6a 5.7 5.9 
4b NOEB 5.2 f 5.3 f f 
5b f f 
6b f f 

4.8 1.9 1.6 f 
5.9 3.4 3.8 4.8 

4.6h 4.2h f f 
2.gh 2.3h f f 

enhancement ( % )” 
1‘,3 1’,4 4,l‘ 

7a 4.0 3.5 4.8 
8a 1.7 3.2 5.5 
7b 5.7 2.9 3.1 
8b 1.2 2.5 2.7 

“NOE experiments were performed in CD30D for la ,  2a,3a,  48, 
58, and 68, in CDClS for lb ,  2b, 3b, and 4b, in CsD, for 5b, 6b, 7b, 
and 8b, and in D20 containing 13% pyridine-d5 for 7a and 88. 
*This notation indicates that an NOE enhancement of H-B(eq) was 
observed on irradiation of H-1’. CH-4, H-5(5’), and H-3’ overlap. 
NOE enhancement of H-5(5’) and H-3’ could not be excluded. 

H-3, H-4, and H-6’ overlap. NOE enhancement of H-3 and H-6’ 
could not be excluded. OPartial irradiation of H-4 may contribute 
to the magnitude of the observed NOE. fThis data is not availa- 
ble. 8H-5(eq), H-3’, H-4’, H-6a’, and H-6b’ overlap. A 5.4% en- 
hancement within this multiplet was observed and was assigned to 
H-3’ and H-5(eq). NOE enhancement of H-4’, H-6a’, and H-6b’ 
could not be excluded. hH-l’, H-2’, H-5’, and H-OMe overlap. 
NOE enhancement of H-2’, H-5’, and H-OMe could not be ex- 
cluded. 

pounds is expected to exist predominantly in one con- 
formation in the ground state. In order to compare the 
two series, recourse was made to nuclear Overhauser effects 
(NOE) and Tl measurements. These techniques have been 
used extensively in the conformational analysis of oligo- 
saccharide~.~ However, we must emphasize that we are 
not attempting to use these methods as the principal 
means of conformational analysis. Experimentally, we first 
establish the conformational preference of the carbon se- 
ries, relying on the values of vicinal spin-spin coupling 
constants, and second compare the conformational be- 
havior of 0- and C-disaccharides through NOE and T,  
data. 

l a :  X=O. R = H  Ja: X=O, R=H l a :  X=O. R=H 
Ab: X=O. R=Bn Ih :  X=O. R=Bn 

2a: X = C l I ? .  R=H Sa: X=CH?.  R=H Ba: X=CH?. R=H 
Zb: X = C H ? .  R = B n  Ib: X=CH?.  K=Bn Bb: X=Ctl? .  R=Bn 

3a: X = C D ? .  R = t l  6a: X=CD?.  R=H 
3b: X = C D ?  R=Hn 6b: X = C D ? .  R=Bn 

7b: X=O. R=Bn 

(3) NOE and TI data have been used extensively in the conformational 
analysis of saccharides. For recent reviews, see: (a) Williams, N, R.; 
Davison, B. E.; Ferrier, R. J.; Furneaux, R. H. Carbohydr. Chem. 1985, 
17,205. (b) Carver, J. P.; Brisson, J.-R. In Biology of Carbohydrates, Vol. 
11; Ginsburg, V., Robbins, P. W., Eds.; John Wiley and Sons: New York, 
1984; p 289. (c) Bock K. Pure Appl. Chem. 1983,55,605. (d) Bock, K.: 
Thogersen, H. Annu.  Rep.  N M R  Spectrosc. 1982, 13, 1. 
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Table 11. Proton Spin-Lattice Relaxation Time (TI, 8 )  at 
Room Temperatureoob 
H-1‘ H-S(eq) H-4 

la  0.94 0.36 0.79 
2a 0.72 0.36 0.36‘ 
3a 0.71 0.37 0.81 
l b  0.65 0.29 d 
2b 0.50 0.25 0.50 
3b 0.65 0.29 0.65 

H-1’ H-4 H-Weq) 
4a 0.79 0.79 0.50 u 
5a 0.58 0.58 0.36 
6a 0.87 1.01 0.43 
4b 0.58 0.72 e 
5b 0.65 0.58 0.36 
6b 0.89 1.0 0.38 

H-1‘ H-3 H-4 
7a 0.79 0.79 0.69 
8a 0.58 0.50 0.54 
7b 0.69 0.65 0.54 
8b 0.43 0.58 0.45 

a T1 measurements were performed in CDSOD for la, 2a, 3a, 4a, 
5a, and 6a, in CDC13 for lb, 2b, 3b, and 4b, in C6Ds for 5b, 6b, 7b, 
and 8b, and in D20 containing 13% pyridine-d, for 7a and 8a. TI 
values were obtained from a plot for all the compounds except 3a 
and 6b, for which a curve-fitting method was employed. ‘H-4 and 
H-cu overlap. The T1 value for H-4 might not be exact but is not 
larger than 0.36. dH-4, H-3’, and H-5(5’) overlap. The T ,  value for 
H-4 could not be determined. eH-5(eq), H-3’, H-4’, H-6a’, and 
H-6b’ overlap. The T, value for H-B(eq) could not be determined. 

Diamond lattice analysisldge of compounds la,b and 2a,b 
suggests that the preferred conformation for each should 
be A depicted in Figure 1. The vicinal spin-spin coupling 
constants in the carbon series firmly support this predic- 
tion.’* In this conformation, H-1’ and H-3(eq) are in close 
enough proximity that NOE enhancements should be ob- 
servable. In accord with this expectation, irradiation of 
H-1’ in compounds la  and lb gave rise to 6.9% and 4.6% 
enhancements of H-3(eq), respectively (Table I). The 
corresponding experiments with compounds 2a and 2b 
gave 5.1% and 3.2% enhancements of H-S(eq), respec- 
tively. In neither case did H-3(ax) show any detectable 
NOE enhancement, as expected from the predicted con- 
formation. The NOE experiments in the opposite direction 
were also consistent with this conformational assignment. 

On irradiation of H-1’, a distinct NOE was observed on 
H-4 of compounds la and lb, whereas no NOE was de- 
tected on H-4 of the corresponding C-disaccharides 2a and 
2b. Since the CH2 bridge in 2a and 2b was the likely 
source of this discrepancy, the dideuterio analogues 3a and 
3b were prepared.le Indeed, the relaxation time for H-4 
of 3a and 3b was much longer than that in 2a and 2b 
(Table 11), reflecting the decrease of spin-pin interactions 
between H-4 and the CD2 bridge. Irradiation of H-1’ 
produced 3.1% and 5.1% enhancements of H-4 in 3a and 
3b, respectively. Thus, the absence of an NOE between 

the spin-spin interactions of H-4 with the CH2 bridge 
protons rather than to conformational dissimilarity be- 
tween 0- and C-disaccharides. 

The observation of an NOE between H-1’ and H-4 in 
compounds la,b and 2a,b was not expected for the ideal 
conformation A depicted in Figure 1. Consideration of this 
result in conjunction with the appropriate vicinal spin-pin 
coupling constants for compounds 2a and 2ble brings to 
light a t  least two plausible explanations: the preferred 
conformation of these may deviate slightly from the ideal 
gauche arrangement around the nonglYcosidic bond O r  a 
small amount of another conformer may be present in the 

Ep 

H-1’ and H-4 in compounds 2a and 2b is primarily due to c 

Figure 1. Preferred conformation of C- and 0-disaccharides 
predicted by diamond lattice analysis. 
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solution. Further study is necessary to clarify the exact 
nature of this effect. 

Analogous NOE and T1 studies indicate that di- 
saccharides 4 and 5 (6) exist in essentially the same pre- 
ferred conformation, i.e., B in Figure 1, as do 7 and 8, i.e., 
C in Figure l.* Furthermore, the experimentally deter- 
mined preferred conformation in each of these systemsle 
is close to the one predicted by diamond lattice analysis. 

In summary, we have shown that C-disaccharides 2a,b, 
5a,b, and 8a,b and the corresponding parent disaccharides 
la,b, 4a,b, and 7a,b are conformationally similar. In ad- 
dition, we have demonstrated that analysis of steric in- 
teractions primarily around the nonglycosidic bond in the 
C- and 0-disaccharides, using a diamond lattice, provides 
a useful model for predicting the preferred conformation 
in these systems. In all the cases examined, the experi- 
mentally determined preferred conformation was found 
to correspond well, at  least to the first approximation, with 
the predicted conformation. 
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Regioselective Silylolefination of Allylic 
Dithioacetals. Stereoselective Synthesis of 
1-(Trimethylsilyl) butadienes' 

Summary: 1-(Trimethylsily1)butadienes are regioselec- 
tively and stereoselectively synthesized in good to excellent 
yields from the reactions of allylic dithioacetals and 
[ (trimethylsilyl)methyl]magnesium chloride in the pres- 
ence of 5 mol % of NiC12(PPh3)2 in refluxing ether- 
benzene. Alkyl or aryl substituents at  C-2 and/or C-3 
positions in the starting dithioacetals do not affect the 
regiochemistry of the reactions. The regioselectivity of this 
reaction may arise from the interaction of the sulfur moiety 
in dithioacetals with nickel during the course of the re- 
action. 

Sir: 1-(Trimethylsily1)butadienes (1) are apparently val- 
uable building blocks in organic syntheses but have only 
briefly been e x p l ~ r e d . ~ - ~  Most of literature methods for 

(1) Transition Metal Promoted Reactions. 25. 

the preparation of 1 require multistep synthesis, and 
sometimes starting materials are not readily acces~ible.~-~ 
The transition metal catalyzed coupling reaction of orga- 
nosulfur compounds with Grignard reagents is well-docu- 
mented." We recently reported that benzylic dithioacetals 
can couple with Grignard reagents to give alkylated ole- 
fins.' (E)-P-silylstyrenes were conveniently prepared 
according to this procedure.n) Allylic dithioacetals (2) have 
two possible sites for coupling, and it is noted that reac- 
tions with allylic acetals8 and geminal diacetatesg are 
generally nonselective. However, the sulfur moiety in 2 
might have directive effect to stabilize the intermediate 
such that the regiochemistry of the coupling reaction could 
be controlled. We have tested this viewpoint and now 
describe the nickel-catalyzed coupling reaction of 2 with 
Me3SiCHzMgCl (3). 

In a typical procedure a mixture of 21° and 4 equiv of 
3 in the presence of 5 mol % of NiC12(PPh& in ether- 
benzene was heated under reflux overnight. After usual 
workup and chromatographic purification, the silylated 
dienes la-j were obtained in good to excellent yields." 
The results are tabulated in Table I. 
As can be seen from Table I, the reaction provides a very 

efficient synthesis of 1 and, more importantly, the reaction 
is regiospecific. Alkyl or aryl substituents at C-2 and C-3 
positions in 2 do not affect the selectivity. The nature of 
the dithioacetal functionality has essentially no effect on 
the reaction. Either open chain (entry 10) or six-membered 
ring (entry 11) dithioacetals afforded l a  in 82 and 76% 
yields, respectively. I t  is interesting to note that conju- 
gative preference12 is not essential in these reactions, e.g., 
crotonaldehyde derivative giving If in 65% yield (entry 
6). A similar observation was made in the reaction of 2g 
(entry 7). 
- 

(2) (a) Carter, M. J.; Fleming, I.; Percival, A. J.  Chem. SOC., Perkin 
Trans. I 1981,2415 and references therein. (b) Jung, M. E.; Gaede, B. 
Tetrahedron 1979, 35, 621. (c) Koreeda, M.; Ciufolini, M. A. J.  Am.  
Chem. SOC. 1982,104, 2308. (d) Chou, T.-s.; Tso, H.-H.; Tao, Y.-T.; Lin, 
L. C. J .  Org. Chem. 1987,52, 244. 

(3) (a) Corriu, R.; Escudie, N.; Guerin, C. J .  Organomet. Chem. 1984, 
264,207. (b) Zubritsku, L. M.; Romashchenkova, N. D.; Petrov, A. A. Zh. 
Org. Khim. 1983, 19, 2465. 

(4) (a) Chan, T.-H.; Li, J.-S. J. Chem. SOC., Chem. Commun. 1982,969. 
(b) Miller, J. A.; Zweifel, G. J. Am. Chem. SOC. 1983,105,1383. (c) Bloch, 
R.; Abecassis, J. Tetrahedron Lett. 1983,24,1247. (d) Block, E.; Aslam, 
M.; Eswarakrishnan, V.; Wall, A. J .  Am. Chem. SOC. 1983,105,6165. (e) 
Block, E.; Aslam, M.; Eswarakrishnan, V.; Gebreyes, K.; Hutchinson, J.; 
Iyer, R.; Laffitte, J.-A.; Wall, A. J. Am. Chem. SOC. 1986,108,4568. (0 
Boo, B. H.; Gaspar, P. P. Organometallics 1986,5, 698. 

(5) Hatanaka, Y.; Hiyama, T. J. Org. Chem. 1988, 53, 918. 
(6) (a) Wenkert, E.; Ferreira, T. W.; Michelotti, E. L. J .  Chem. SOC., 

Chem. Commun. 1979, 637. (b) Okamura, H.; Miura, M.; Takei, H. 
Tetrahedron Lett. 1979, 43. (c) Tiecco, M.; Testaferri, L.; Tingoli, M.; 
Chianelli, D.; Wenkert, E. Tetrahedron Lett. 1982,23,4629. (d) Wenkert, 
E.; Ferreira, T. W. J.  Chem. SOC., Chem. Commun. 1982,840. (e) Fian- 
danese, V.; Marchese, G.; Naso, F.; Ronzini, I,. J. Chem. SOC., Chem. 
Commun. 1982, 647. (0 Wenkert, E.; Fernandes, J. B.; Michelotti, E. L.; 
Swindell, C. S. Synthesis 1983, 701. (g) Wenkert, E.; Leftin, M. H.; 
Michelotti, E. L. J. Chem. SOC., Chem. Commun. 1984, 617. (h) Sugi- 
mura, H.; Takei, H. Chem. Lett. 1985, 351. 

(7) (a) Ni, Z.-J.; Luh, T.-Y. J. Chem. SOC., Chem. Commun. 1987,1515. 
(b) Ni, Z.-J.; Luh, T.-Y. J. Org. Chem. 1988, 53, 2129. (c) Ni, Z.-J.; Luh, 
T.-Y. J.  Chem. SOC., Chem. Commun. 1988, 1011. 

(8) Wenkert, E.; Ferreira, T. W. Organometallics 1982, 1, 1670. 
(9) (a) Lu, X.; Huang, Y. J.  Organomet. Chem. 1984, 268, 185. (b) 

Trost, B. M.; Vercauteren, J. Tetrahedron Lett. 1985, 26, 131. 
(10) Dithioacetals 2 were prepared according to standard procedure 

by treating the aldehyde with l,2-ethanedithiol in the presence of a 
catalytic amount of BF,.OEh,. Cf. Fieser, L. F. J.  Am. Chem. SOC. 1954, 
76, 1945. 

(11) All new compounds gave satisfactory spectroscopic data and ac- 
curate mass measurements. The 'H NMR and lSC NMR data are out- 
lined in the supplementary material. 

(12) (a) Felkin, H.; Swierczewski, G. Tetrahedron 1975, 31, 2735. 
Chuit, C.; Felkin, H.; Roussi, G.; Swierczewski, G. J .  Organomet. Chem. 
1977, 127, 371. (b) Buchwalter, B. L.; Burfitt, I. R.; Felkin, H.; Joly- 
Goudet, M.; Naemura, K.; Salomon, M. F.; Wenkert, E.; Woukulich, P. 
M. J. Am. Chem. SOC. 1978,100,6445. 
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