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Abstmet-We describe a stereocontrolled method for the construction of the aliphatic chain of rifamycin 
S, based on a strategy that &ikzes carbohydrates as optically active precursors. 

Rifamycin S, a member of the tubercubstatic 
group of ansamycin antibiotics has been the subject 
of elegant studies since its isolation in 1960.2 Its 
constitutional structure,) X-ray crystallographic 
analysis4 as well as related studies on other members 
of the same class have revealed unique structural 
features5 Thus, rifamycin S embodies an “ansa” 
chain which encompasses the carboxylic acid portion, 
C15C29. Within this unit is found an aliphatic 
chain, C19-C29 which consists of a sequential array 
of alternating Me and OH groups corresponding to 
eight contiguous asymmetric centers. This pattern is 
a direct result of a biosynthetic pathway involving 
propionate units which can also be found in a large 
number of other natural products such as the macro- 
lide group of antiobiotics. To complete the struc- 
turally intriguing features in rifamycin S, notice 
should be made of the “aromatic” naphthoquinone 
unit, which is connected to the ansa chain by amide 
and acetal linkages. 

The total synthesis of natural products of the ansa 
or macrolide types has been a veritable challenge over 
the last ten years, and several targets have been 
recently conquered.6 K.ishi’s7 total synthesis of rifam- 
ycin S in 1980 highlighted other notable achievements 
in this area. Examination of the structure of this 
formidable target reveals a number of challenges not 
the least of which is the assembly of the aliphatic 
portion harboring eight of the nine asymmetric cen- 
ters in the antibiotic. CIoser scrutiny of this segment 
of the molecule reveals aspects of hidden symmetry 
that have been exploited by Kishi’ and Masamune* 
and their respective coworkers. For example, 
(S)-3-hydroxyisobutyric acid available from en- 
zymatic oxidation of isobutyric acid,9 was a chiral 
building block in the Kishi synthesis where it was 
extended in either direction to build the growing 
chain of the ansa unit. Masamune et af.* recognized 
Cs symmetry in a hypothetical intermdiate and used 
retrograde reasoning to provide two enantiomeric 
5-carbon units which were used to generate the seven 

tSee for example, S. Hanessian, in Totai SynthMs of 
Natural Products-The “Chiron” Approach (Edited by 1. E. 
Baldwin). Pergamon Press, Oxford (1983); See also, A. S. 
Dreiding and K. Wirth, Mutch 341 (1980) for a math& 
matical interpretation of this term. 

asymmetric centers found at C2aC22 and C24-C27 
in the chain by aldol .methodology. 

There is yet another element of hidden symmetry 
in the aliphatic segment of rifamycin S, one which can 
be unveiled and related to carbohydrates.‘0 This can 
be achieved by considering the retrosynthetic analysis 
shown in Scheme 1, where bond disconnection is 
effected between C24 and C25 to generate two six- 
carbon chironst A and B encompassing Cl9-C24 
and C25C29 of the ansa chain. Each chiron can be 
derived from two precursors, A and B respectively, 
which in turn can bc prepared from n-glucose by 
systematic modification of functionality to achieve 
the desired level of overlap. In such a strategy, the 
design element relies heavily on aspects of pattern 
recognition of flexible carbon frameworks in the 
target and chiral precursor. The stereochemical fea- 
tures, conformational bias and structures combine to 
provide the synthetic chemist with a “chiral tem- 
plate”‘O suitable for systematic chemical manipu- 
lation based on a great deal of predictive power. By 
generating precursors such as A and B, one also has 
the advantage of using synthetic intermediates com- 
mon to both, since the pattern and nature of substi- 
tution at C20, C21 and C26, C27 are the same in the 
target. Identical and opposite stereochemcial re- 
lationships can be seen at C2O/C26 and C21/C27 
respectively. For the purposes of generating the two 
precursors one has the added convenience of manip 
ulating a readily available and cheap sugar such as 
~-glucose, although the synthetic blueprint shown in 
Scheme 1 calls for an eventual oxidation at C5 in 
precursor A to provide the CO group in &iron A, 
and an oxidative cleavage of the diol unit in chiron 
B. Having reached the level of chiral and functional 
overlap required in the two precursors, hence the 
corresponding segments of the ansa chain, based on 
the template effect, one can, after necessary func- 
tional group adjustments, generate chirons A and B 
and continue the synthesis with acyclic units. This 
feature of manipulating cyclic andfor acycfic 
modifications of carbohydrates independently or in 
tandem, offers operational amenities and a flexibility 
in design which is not shared by the great majority of 
the other common chiral building blocks such as 
amino acids, hydroxy acids, and terpenes. 

With chirons A and B in sight, it becomes evident 
that the assembly of the functional&xl ansa chain 
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must rely on two stereocontrolled processes, nameiy, 
C-C bond formation at the C24-C25 junction, fol- 
lowed by reduction of the C23 CO function. It is clear 
from the structures of &irons A and B that bridging 
would be best accomplished by a stereocontrolled 
cross aldol condensation.” Deployed with a synthetic 
blueprint such as the one outlined in Scheme 1, we set 
out to test its feasibility. Our objectives were thus to 
synthesize the two chirons and related derivativesin 
enantiomerically pure form, to explore methods for 
assembling the aliphatic portion of the ansa chain, 
and finally to secure evidence for the structural and 
stereo&et&al identity of such a fragment by com- 
parison with an authentic degradation product ob- 
tained from the antibiotic. 

Scheme 2 outlines the route to &iron A, which 
involves the transformation of Dglucose into the 
known Z-C-Me derivative 212*13 in high overall yield 
utilizing crystalline intermediates. It was known from 
previous experience in connection with the assembly 
of the erythronolide A framework,13 that the in- 
version of configuration at C2 was a facile process. 
Thus, oxidation to the crystalline ketone 3 and base 
catalyzed epimerization led to the equally crystalline, 
epimerized derivative 4 in good overall yield. Reduc- 
tion of the ketone function in 4 followed a predictable 
course due to the a-orientation of the anomeric 
substituent and the inherent conformational bias 
provided by the bicyclic system. The axial alcohol 

thus formed was acetylated to give 5 in excellent 

Chiron A 

a 

OMt 

Prccvrsor A 

III 

‘BMe - “:a” 
OH 

o-qlucose 

yield. The choice of ester protecting group was 
dictated by subsequent transformations which neces- 
sitated miId and selective deprotection. With the 
C-Me and OH substituents situated regio and 
stereospecifically, it was necessary to focus on the 
placement of an axial C-Me group at Gl. Wittig 
methodology was therefore contemplated and a need 
for further functional group adjustments became 
evident. Thus, the O-t-butyldiphenylsilyl protecting 
group” was found most suitable for the primary OH 
group as in 6. Oxidation with pyridinium 
chlorochroma& (PCC) afforded the ketone 7 which 
was subjected to a Wittig reaction with methy- 
lenetriphenylphosphorane. The product of this reac- 
tion was a mixture of the expected exocyclic allylic 
olefin 8 and the corresponding acetate. Mild base 
treatment gave the desired 8 in good yield. Spec- 
troscopic data provided the needed assurance that 
epimerization had not occurred. The choice of the 
allylic alcohol for the stereoselective reduction of the 
double bond was based on previous experience’0 with 
O-substituted derivatives where mixtures rich in the 
undesired equatorial C-Me isomer resulted. It was 
therefore reasoned that the presence of an a-oriented 
OH group would have a directing effect in the 
catalytic hydrogenation. However, this anticipated 
effect was not experimentally observed until a num- 
ber of catalysts were tried. The best combination 



Assembly of the Cl9429 aliphatic segment of rifamycin S from ~-glucose by the &iron approach 1291 

bgtUC5Se 

RO 
0 

~ HO Me 
AC0 Me 

0 
4 steps 

Phili 

* Q 
‘* Me - 

4 

if0 
0 

* 0 

=5-r OMe 
AC0 Me 

6,R=t-butyldiphrnylsilyl 7 

Me 
RO Me 8n0 Me 

12 

0 

Ptdl 0 k ‘\O OMt 
AcO Me 

9,R, R-H 

10 ,I?-t-BuPh@t; RI 8n 

17 *R-N; A- Bn 

Me Me Me 

OTr - 

14 15 16 

Scheme 2. 

proved to be palladium hydroxide on charcoaP in 
dioxane as the solvent which gave the desired C4 
axial Me isomer and its epimer in a ratio of 4: 1. 
Desilyiation gave the crystalline dial 9 whose spe-o 
troseopic properties were in agreement with its struc- 
ture. With the pattern of substitution corresponding 
to C2&-C22 in hand, by taking advantage of the 
template effect provided by the cyclic carbohydrate, 
it was now necessary to proceed toward &iron A 
with acyclic structures. There remained to chain 
extend the Cchain, and to generate a ketonic func- 
tion after appropriate protection of OH groups. 
Thus, O-benzylation, desityiation and oxidation with 
PCC gave the aldehydo derivative 12 which was chain 
extended to 13 and 14. Mild acid hydrolysis, followed 
by sodium borohydride reduction and selecfive tri- 
tylation of the primary OH gruup gave the acyclic 
analog 15. Finally, oxidation with PCC gave &iron 
A, 16 as a crystalline solid. 

The synthetic route to &iron 3 was executed 
uneventfully and is shown in Scheme 3. Compound 
4 which was an intermediate in the synthesis of &iron 

A was the starting point. Its ste~n~o~~~ reduc- 
tion led to the crystalline 17 which was methylated to 
give another crystalline intermediate. Following a 
previous protoeoP3 in the macrotide series the orien- 
tation of the 63 UMe group was inverted to provide 
the absolute stereochemistry required in the target. 
This was achieved by relying on the thermo- 
dynamically favored equatorial orientation of sub- 
stituents in fi-membered ring systems. Thus a se- 
quence involving functional group modifications led 
to 20 which, when subjected to mild basic treatment 
afforded the epimerized ketone 21 as a crystalline 
derivative in good overall yield. With the C- and 
O-Me groups introduced virtually regio- and 
stereospecifidly there remained to effect deoxy- 
genation at C4 and effect further transforms to give 
the desired acyclic &iron B. Reduction of 21 to 22 
followed by chlorination with &fury1 chloride” to 
23, and subsequent reductive dechlorination with 
bin-buty~tin hydride in the presence of azobisisobu- 
tyronitrilc gave the dideoxy derivative N in good 
yield. Acid hydrolysis, reduction of the resulting 
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lactol and ~~~ati~~ of the i~~~rup~lid~~ t%etal kd 
to the acyctic derivative 25, which upon oxidation 
with PCC gave the desired &iron B, 26 as a relatively 
unstable syrup. It was also deemed of interest to 
prepare other derivatives representing this segment of 
the target which could be used as nucieophilic or 
electrophilic counterparts in C-C bond forming reac- 
tions. The dithian analog 27 was thus easify obtained 
from the aidehyde ui. fn another instance, the aiczo- 
ho1 25 was transformed directly into the phenyhhio 
ether 2?#, by treatment with diphenyldisulfide and 
TV-n-b~tylphosphi~e. l8 As an eiectrophilic com- 
ponent, the ester 29 was obtained from 25 by ox- 
idation with ruthenium tetroxide foilowed by 
esterification. Unfortunately C-C bond forming reac- 
tions with derivatives 27-29 with appropriate coun- 
terparts reprinting the CW-C24 portion were 
either unsuccessful or hampemd by low yields. There- 
fore the originally intended aldol strategy shown in 

YlWhe sense of chirality at these two cer~ttxs is in fact S 
and R respectively in rifamycin S itself. 

Scheme f became all the more critical for the com- 
pletion of our synthesis. 

Examination of the structure of the expected aldol 
product 30 (Scheme 4) reveds that a 24S, 2SR syn 
~Iationship must be generated,* It is weIf known that 
an aldol condensation between an aldehyde and a 
lithium enolate with a Z-configuration leads to a 
preponderance of the aldol product with a syn orien- 
tation at the newly formed center.” Since the present 
case represents a unique example of two highly 
functionalized chiral counterparts, a higher order of 
double stereo~~erentiation was to be expeeted.‘9 By 
assuming a Fe&in-type model% and invoking the 
oxygen of the benzyloxy group of the Zenolate 
portion in a X&coordinated specie, one could ratio- 
nalize the distinct preponderance of the syn di- 
astereomer. Although inspection of models appears 
to favor the formation of the desired 24S, 24R isomer 
as in 30 rather than the other syn isomer, the bias is 
not overwhelming (Fig. 1). In the event, formation of 
the Z-enolate from 16 at - W’, and addition of the 
aldehyde 26 gave after 10 min, a mixture of products 
which showed a major component by TLC. Column 
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Fig. 1. Proposed lithium coordinate” intermediate in the aldol condensation leading to the 24S, 2% syn 
prodUCt. 

chromatography gave a 76% yield of a mixture of two 
compounds (7 : 3 ration by NMR analysis), which 
could not be separated at this stage, but were sepa- 
rated after reduction. The major component in the 
mixture was later found to be the desired isomer 30. 
The identity of the minor isomer was not studied 
although it might be assumed to be the other syn 
diastereomeric isomer (24R, 2%) corresponding to 
the structure 30. Dibal was found to be the reducing 
agent of choice after several unsuccessful attempts to 
achieve stereoselective reduction of the CO group in 
30. Thus with sodium borohydride, lithium alumi- 
num hydride and diborane there was formed either 
equivalent amounts of two epimers or a prepon- 
derance of what turned out to be the wrong epimer 
at C23. Dibal on the other hand gave a better than 
10 : 1 stereoselectivity which could be rationalized 
based on a OH assisted intramolecular delivery of 
hydride in a preferred conformation where 1,3_diaxial 
interactions of C22 and C24 Me groups are min- 
imized although this argument is speculative at this 
point. Catalytic hydrogenation of the purified Dibal 
reduction product led to the tetrol31. Since structure 
31 contains all eight chiral centers (C2O-C27) present 
in the target, it was of paramount importance to 
secure an appropriate degradation product from ri- 
famycin S itself, that contained the same intact 
sequence to be able to establish the constitutional and 
configurational identity of the aldol product and its 
derivatives. By a previously reported procedure,2’ it 
was possible to convert rifamycin S into the modified 
ansa chain derivative 37 (Scheme 5). Ozonolysis, 
followed by reduction of the corresponding aldehyde 
(or lactol) gave 38, which upon treatment with aque- 
ous acid, hydride reduction and acetalization led to 
the crystalline his-acetal hernia&al derivative 35. 
Alternatively when the pent01 was acetylated, the 
syrupy pentaacetate 34 was produced, the structure 
of which was corroborated by high field NMR as well 
as 2-D NMR spectroscopy. Upon treatment of 38 
with aqueous acetic acid at 70” followed by acety- 
lation, a new product was formed to which we assign 
structure 39 based on detailed ‘H NMR spec- 
troscopy, including decoupling experiments. This 
product presumably results from intramolecular cy- 
clization of the C23 OH group (rifamycin numbering) 
onto the transient oxonium ion generated during the 
hydrolysis. 

Having access to authentic derivatives such as 34 
and 35, we turned our attention to the synthetic 
sample 31 and the prospects of its chemical 
modification. Thus, mild acid hydrolysis, followed by 
periodate cleavage of the vicinal diol system led to the 
lactol 32 (Scheme 4), which, without further charac- 
terization was reduced to the pent01 33. Acetylation 
on the one hand, and acetalation on the other 

produced derivatives which were completely identical 
with the samples derived from rifamycin S. Figure 2 
shows the 4OOMHz spectrum of synthetic 34 and a 
2-D NMR analysis of the C-Me region. Compounds 
33-36 can be used as representative of the C19-C29 
acyclic segment of rifamycin S and should be easily 
converted to one of K&i’s’ advanced intermediates. 
Thus, the assembly of this segment may also be 
regarded as a formal synthesis of the optically active 
antibiotic itself, and demonstrates the utility of the 
carbohydrate-derived chirons in the synthesis of nat- 
ural products that are biosynthesized via the pro- 
pionate route. Kinoshita et u/.*~ have described an- 
other route to the acyclic segment of rifamycin S 
based on a carbohydrate precursor approach where 
the template effect was utilized to generate two 
chirons that were bridged to give the ansa chain. 
Fraser-Reid et uLz3 have reported on a strategy that 
utilizes “pyranosidic homologation” to construct a 
bicyclic growing chain with predetermined func- 
tionality based on inherent conformational bias (tem- 
plate effect) as well as stereoelectronic control dic- 
tated by the anomeric effect of hemiacetal linkages. 

As in the case of the acyclic structures shown in 
expessions 27-29, it was also possible to obtain a 
derivative corresponding to the Cl9-C24 segment to 
act as an electrophilic component (Scheme 6). To- 
ward this end, the epoxide 43 was considered to be 
a useful target since, in addition to providing a 
reactive extremity corresponding to C24, the desired 
sense of chirality at C23 could be introduced during 
the formation of the epoxide itself. Acid hydrolysis of 
IO was not easily achieved without accompanying 
#?-elimination of the benzyloxy group. Thus, an alter- 
native, indirect method was sought to produce the 
desired lactol. Treatment of 10 with ethanethiol in the 
presence of zinc chloride as catalyst resulted in trans- 
glycosylation to give the corresponding thioglycoside 
40 as an anomeric mixture. Clean transformation of 
the thioglycoside to the corresponding lactol was 
observed upon treatment with aqueous bromine, 
presumably though the intermediacy of a sulfonium 
intermediate which was prone to hydrolysis. Reduc- 
tion of the lactol to the alditol 41, tritylation and 
mesylation of the remaining OH group gave 42. 
Upon treatment with fluoride ion, it was possible to 
desilylate and intramolecularly displace the mesylate 
group to the desired epoxide 43 and attain the sense 
of chirality required at C23. Even though 43 lacks a 
Me group at C24 (rifamycin numbering) it was 
intended as a useful nearest neighbor model to at- 
tempt a C-C bond forming reaction with a nucleo- 
philic counterpart representing the C25--C29 seg- 
ment. To this end the dithian derivative 27 seemed 
ideal. Although 1,3-dithian and some of its deriva- 
tives are exceedingly useful acyl anion equivalents,** 
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and the generation of the anions is routinely done 
with a base such as n-BuLi, examples of the prepara- 
tion of anions frum highly fictional dithians 
such as 27 are not numerous. In those cases where 
anion formation and its subsequent utilization was 
demonstrated, the normal protocol was nut foiIowe& 
A dithian not too different from 27 was used by 
Corey et at. in their total synthesis of t&)-N- 
methylmaysenine,= where temperature control and 
nature of solvent pruned to be criticaJ for a maction 
with an aldehyde. Sum and We&p utilized t-&&i in 
hexanes to generate the anion from a functionaiized 
dithian and used Et1 in HMPA as an eiectrophife. We 

were riot surprised therefore early on in this projeeP 
that the generation of an anion from 27 was not easily 
achieved. Using t-BuLi in hexanes, we were able to 
effect condensation with p-cbkorobenzaldchyde as a 
model and to isolate a 25% yield of condensation 
product as a mixture of benzylic alcohols. We were 
however unsuccessful in effecting epoxide opening in 
43 under the same conditions. 

Some measure of snax!z3s was secured in a condens- 
atiun with afdehyde 12 to give the potential rifamycin 
S precursor 44 (Scheme 7). Further elaboration of 44 
would requin: epimerization at C23 and functional 
group adjustments at C24/C25. In view of the 
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Scheme 7. 

inefficient condensation, this initial approach’O was 
not pursued further and our efforts were directed to 
the aldo route described above. 

EXPERIMDJTAL 
M.ps are uncorrected. Optical rotations were measured 

on a Perkin-Elmer automatic spectropolarimeter, model 
141. IR spectra were recorded on a Perkin Elmer mode 638 
spectrometer. 

NMR spected were recorded on Bruker spectrometers at 
400, 90 or 80 MHz in CDCl, as solvent. The ‘fc NMR 
spectra were recorded at 22.6 MHz. Chemical shifts arc 
reported in ppm downfield from TMS as the internal 
standard. Mass spectra were recorded in the electron impact 
mode on an AEf-902 mass spectrometer and in the direct 
chemical ionization mode on a VG-1202 quadrupole spew 
trometer. All organic solvents were dried by standard 
techniques. Convential processing of mixtures consisted of 
extraction with an organic solvent (CHICI, or EtOAc), 
drying over MgSO,, filtration and evaporation to dryness. 
This layer chromatography was done on silica gel GF, 
precoated plates and the spots were detected by viewing 
under UV light, KMnO, aq or the ceric ammonium sulfate 
“dip” procedure. Column chromatography was done on F. 
Merck silica gel 60 (0.04-0.06 mm, 230-400 mesh, ASTM). 

MethyI 4.6 - 0 - benzylidene - 2 - deoxy - 2 - C - methyi- 
a-D- urabino - hexopyrrmositk, 3. A soln containing 
40.15 g (0.143 mole) of 2 in a mixture of dimethylsulfoxide 
(325 ml) and Ac+O (130 ml) was stirred overnight at room 
temp. The soln was added dropwise and with stirring to an 
aqueous soln containing 2OOg of NaHCOs and ice-cubes 
(total volume 5 It). The precipitated crystalline product was 
separated by filtration, washed with cold water and dried in 
a desiccator to give 39.04 g (98%) of 3. An analytical sample 
was obtained after recrystallization from a mixture of ether 
and hexane, m.p. 125.5-127”; [a]Du + 75.2” (c 1.11, CHCI,); 
IR, ymu (KBr): 1735 cm-’ (CEO); NMR: S (ppm) 1.32 (d, 
J = 8 Hz, C2 Me); 2.73 (q, J = 8 Hz, HI); 3.33 (s, OMe); 
3.60-4.65 (multiplets, 4H, H4-H6,6’; 4.73 (s, HI); 5.57 (s, 
PhCH); 7.20-7.65 (m. arom.). (Found: C, 64.56; H, 6.54. 
Calc. for C,,HtftOJ: C, 64.74; H, 6.520A). 

Methyl 4,6 - 0 - bettzykierte - 2 - &my - 2 - C - methyl- 
a - D - fitto - hexopyrmrosiak, 4. The preceding 3 (47.8g, 
0.172 mole) in 1320 mL dry MeOH was treated at 0” with 
8 mL of a 1M soln of NaOMe in MeOH. After a few min. 
the title product crystal&d out. After a further 4hr, the 
crystals were filtered, washed with MeOH, then ether and 
dried to give 40.5Og (85%) of the epimerized 4, m.p. 
195-197”. This product was used as such for further steps. 
An analytical sample was obtained by recrystallization from 
CHCf,-ether, m-p. 199-201”; [aJ2’ + 143.6” (c 0.52, CHCQ; 
IR: ym.% (KBr): 173Ocm-’ (C==O); NMR: d (ppm) 1.07 (d, 

J = 7 Hz, C2 Me); 2.85 (m, H2); 3.35 (s, OMe); 3,70-4.50 
(m, H,-H6,6‘); 4.93 (d, JIJ = 4 Hz, Hl); 5.55 (s, PhCH); 
7.20-7.65 (m, arom.). (Found: C, 64.52; H, 6.56. Caic. for 
C,sH,,O,: C, 64.47; H, 6.52x.) 

Methyl 3 - 0 - ucetyl - 4,6 - 0 - benzy&Yene - 2 - C -methyf- 
a - D - altopymnoside, 5. To a soln of 4 (58.30 g, 0.21 mole) 
in a mixture of DMF (1400 mL) and MeOH (1400 mL) was 
added NaBH, (11.89 g, 0.315 mole). After stirring at room 
temp. for 90 min. MeOH was removed by evaporation, the 
soln was diluted with ether, washed with brine, then water 
and the organic phase was processed as usual to give 54-56 g 
(95-96x) of the desired alcohol. An analytical sample was 
obtained after recrystallization from a mixture of 
CH,Cl,-ether and petroleum ether (b.p. 30X@‘), m.p. 
121%f22.5”; [af’ + I29.4” (c, 0.50, CHCQ; NMR: S @pm) 
1.10 (d, J = 7 Hg C2 Me); 1.97 (m, Ha; 2.85 (m, OH); 3.40 
fs, OMe); 3.5-4.5 (m, H3-H6,6’); 4.55 (d, JI1 = 3 Hz, HI); 
5.60 (s, PhCH); 7.25-7.80 (m, arom.). (Found: C, 64.23; 
7.27. Calc. for CIsHW05: C, 64.27; ?.I90/,.) 

An amount of the above product (28 g) in 200mL 
of CH,CI,, 50 mL of pyridine, and 0.1 g of N,N- 
dimethylaminopyridine was acetylated with 40mL A%O. 
ARer stirring the soln overnight, it was diluted with CH,CI,, 
extracted with KHSO, and processed to give a crystalline 
product (29.38, 91%). Recrystallization from EtOAc and 
hexane gave 5, m.p. 102-103“; [a]D + 98.9” (c 1,2 CHCl3. 

Methyl 3 - 0 - acetyl - 6 - 0 - t - ~ty~d~he~y~i~~ - 
2-&oxy - C - methyt - a - D - aliopyranoside, 6. An amount 
of the preceding compound (10 g) was stirred in a soln of 
water and AcOH (15 mL, 3 : 7). After 15 hr, toluene was 
added and the soln evaporated at room temp. Toluene was 
again added and the evaporation repeated several times to 
give a crystalline residue. Trituration with hexanes and 
decanation removed traces of benzaldehyde. The residue 
was dissolved in 50mL of pyridine and 1OmL of t- 
butytdiphenylsilyl chloride was added. After stirring over- 
night at 0”, the soln was diluted with water then CH,Cl, and 
the organic phase was processed by washing successively 
with KHSO,, NaHCO, and water. Flash chromatography 
of the residue after evaporation (EtOAc-hexancs, 1 : 9, 
silica), gave 17.5 g (88%) of the title compound as a syrup; 
faj= f 56.1” (c 1, CHCl,). 

Methyl 3 - 0 - acetyl - 6 - 0 - t - butyld#eny&it’yi - 2 - 
&oxy - 2 - C - methyl - a - D - ribo - hexopyranosid - 3 - ufose, 
7. A soln of 6 (2.17 g, 4.49 mmole) in 20 mL of dry CH,C12 
containing 5.3 gm of 4,& molecular sieves (dried at 400’), 
was treated with pyridinium chlorochromate (2.9g, 3 
equiv.). After gentle stirring for 3 hr, tbe mixture was filtered 
over a bed of Florisil, the residue was washed with ether and 
the filtrates were evaporated to dryness. Flash chro- 
matography (EtOAc-hexanes, 1 : 4) gave the title ketone as 
a chromatographically homogeneous syrup in almost quan- 
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titative yield, [a]0 + 125.6” (c 10.5, CHCl,); IR: y_ (f&n): 
174Ocm-’ (GO); NMR: 6 @pm) 0.98 (d, C2 Me); 2.19 (s, 
OAc); 3.44 (s, OMe); 5.15 (d, Jlj = 5.3 Hz, Hl); 5.79 (d, 
J,, = 4.3 Hz, H3), etc. This material was used as such in the 
subsequent step. 

Methyl 6 - 0 - t - buryl~~ny~lyl - 2,4 - dideoxy - 2 - 
C - methyl - 4 - C - melhyiene - a - D - rib0 hexopyratua&?, 
8. A soln containing methyltriphenylphosphonium bromide 
(13.3 g, 2.5 equiv) in 100 mL of toluene was treated with 
19.3 mL (2 equiv, 1.6 M soln) of n-BuLi. After stirring the 
pale yellow soln at room temp. for 20min, the temp. was 
loweted to -20” and the ketone 7 (7 g, 14.9 mmole) in 
20 mL of toluene was added with a double-tip needle under 
argon pressure. The reaction was continued at 0“ for 2.5 hr, 
then treated with a few drops of acetone to decompose 
exm reagent. Evaporation gave a residue which contained 
a mixture of the title compound and the corresponding 
acetate. Treatment with a 1% methanolic solution of KCN 
resulted in smooth deacetylation to give 8 as a syrup after 
flash chromatography. Yield 5.6 g (88%); [a]D + 104.3” (c 
1.14, CHCI,); NMR: 6 (ppm) 1.06 (d, C2 Me); 3.41 (s, 
OMe); 4.50 (d, J,.r = 2.8Hz. Hi); 5.01, 4.86 (CH&, etc. 

Methyl 2,4 - dideoxy - 2,4 - a? - C - methyf - a - D - 

gufopyranoside, 9. To a soln containing 8 (1 g) in 35 mL of 
dioxane was added 100 mg fo 20% palladium hydroxide on 
C. H, gas was bubbled through the suspension with stirring 
for 24 hr. Filtration and evaporation gave a syrup which 
showed a spot of slightly higher R, than the starting ohsfin 
(EtOAc-hexanes, 1 : 9, yield 1 g. Treatment of a portion 
(0.498 g) with a soln of tetra-n-butylammonium fluoride 
(1 M, I .2 mL) in 15 mL of dry oxolane during 6 hr, followed 
by evaporation, washing the residue with brine from a 
CH,CI, soln gave a syrup which exhibited two spots on TLC 
(EtOAc-hexanes, 1 : 4). Flash chromatography gave 9 
(0.75 g), m.p. 7374”; [aI8 + 121.3” (c I .3, CHCl,) and its C4 
epimer (0.2 g), syrup, [alzs + 116” (c, 1.5, CHC13. For 9, 
NMR: 6 (ppm) 0.98 (d, C4 Me), 1.09 (d, C2 Me); 3.38 (S, 
OMe); 4.63 (d, J,., = 3.2 Hz, HI); etc. ‘F NMR (ppm) from 
TMS): 11.02 (C4 Me), 12.7 (C2 Me); 32.47 (C4); 37.05 (CZ); 
55.3 (OMe); 63.97 (C6); 66.03 (C3); 74.88 (C5); 102.68 (Cl); 
Mass spect. m/e 159 (M+-MeO). For the C4 equatorial 
isomer, NMR; 6 (ppm) 0.89 (d, C4 Me); 1.05 (d, C2 Me); 
3.4 (s, OMe); 4.59 (d, J,,, = 3.2Hz, HI); etc. 13C NMR 
(ppm) from TMS): 13 (C4 Me); 13.6 (C2 Me); 36.6 (04); 
38.6 (C2); 55.4 (OMe); 63.52 (C6); 69.12 (C3); 73.24 (CS); 
102.89 (Cl); Mass. spec. m/e 159 (M+-MeO). 

Methyl 3 - 0 - benzyt - 6 - 0 - I - butyldiphenylsi/yl2,4- 
dideoxy - 2,4 - di - C - merhyi - a - D - gufopyranosfde, 10. 
The mixture of epimeric compounds resulting from the 
hydrogenation of 8 (1.2 g, 2.8 mmole) in 10mL of DMF 
containing 0.66 mL of benzyl bromide was treated with 0.1 g 
of NaH at 0”. After stirring overnight, the soln was diluted 
with NaHCO, aq and extracted with ether. Processing the 
organic phase and flash column chromatography 
(EtOAc-hexanes 15 : 85) gave 10 (R, 0.55, EtOAc-hexanes, 
15 : 85). (0.98 g) and its C4 epimer @0.57) (0.245 g) total 
yield 82%. For 10, [aID+ 25.6” (c 1.2, CHCl,); NMR: S 
(ppm) 0.79 (d, C4 Me); 0.94 (d, C2 Me); I .08 (s, t-Bu); 3.18 
(I, H3); 3.38 (s, OMe); 3.65 (dd, H6,6’); 4.53 (d, J,, = 3.6 
HI); 4.58 (q, CH,Ph); 7.29-7.72 (arom.), etc. For the C4 
epimer [a]D + 67.9” (c 1.2, CHCI,); NMR: 6 (ppm) 0.85 (t, 
C2, C4 Me); 1.05 (s, t-Bu); 1.88-1.97 (m, H2, H4); 3.36 
(OMe); 3.45 (m, H3); 3.79-3.89 (m, H5, H6,6’); 4.54 (d, = 
Ji23.8 Hs HI); 4.63 (s, CH,Ph); 7.22-7.75 (arom.), etc. 
(Found: C, 74.37; H, 10.71. Calc. for C,,H,,O,Si: C, 74.40; 
H, 11.03x.) 

Methyl 3 - 0 - benzyt - 2,4 - aWoxy - 2,4 - di - C - methyl- 
a - D - gulopyrunoside, 11, A soln of 10 (0.362 g, 0.7 mmole) 
in 5 mL of oxolane was treated with 0.7 mL of a 1 M solution 
of tetra-n-butylanunonium fluoride. After stirring overnight 
at room temp., the soin was evaporated to dryness and the 
residue was flash chromatographed (CHCl,-MeOH, 10 : 2) 
to give 0.148 g (76%) of the expected product 11; m.p. 
60.$-61.5”; (a]D + 53.8” (c 1.1, CHCl,); NMR: tli (ppm) 0.88 

(C4 Me); 0.95 (C2 Me); 1.94-2.06 (m, H2, H4); 3.17 (t, H3); 
3.40 (s, OMe); 4.25 (m, H5), 4.49 (d, J,2 = 3.9 Hz, HI); 4.52 
(d, CH,Ph); 7.30-7.56 (arom.); etc. (Found: C, 68.30; H, 
8.55. Calc. for C&,0,: C, 68.53; H, 8.64%.) 

Methyl 6 - afdehydo - 3 - 0 - benzyf- 2,4 - dideoxy - 2.4 
di - C - methyf - a - D - gufopyrunosfde, 12. A soln containing 
11 (1.45g, 5.17mmole) in CHrClr (1OmL) was added to a 
soln of oxalyl chloride (0.7 mL) in CH,Cl, (50mL) and 
DMSO (0.5mL) over 10min at -60”. Et,N 3.6mL) was 
added over 5 min and the soln was stirred for a few min. 
then the cooling bath was removed. After a further 20 min, 
the soln was diluted with CH,Clr, and washed with KHSO,, 
brine then water. Usual processing of the organic phase gave 
1.25 g (86%) of the title aldehyde as a chromatographically 
homogeneous semi-crystalline solid which was used as such 
in the next step; [a]o + 51.1” (c 1.3, CHCI,); NMR: d Cppm) 
0.91 (C4 Me); 0.96 (C2 Me); 2.03 (m, H2); 2.41 (m. H4); 3.25 
(s, H3); 3.42 (s, OMe); 4.62 (d, CH,Ph); 9.67 (CHO). 

Methyl 3 - 0 - benzyl - 2,4,6,7 - tetradeoxy - 2,4 - di - C- 
methyl - a - D - guio - hept - 6 - enopytanoside, 13. To a soln 
of methyIenetriphenylphosphorane (prepared from 2.94 g of 
the phosphonium bromide, 0.8 g of resublimed t-BuOK, in 
10 mL of dry oxoiane) was added to aldehyde 12 (0.763 g, 
2.74 mmole) in oxolane (2.7 mt) over a period of a few min 
with external cooling. After stirring for 10 min at O”, the soln 
was diluted with NH,Cl aq, then with ether and the organic 
layer was processed as usual to give syrup. Flash chro- 
matography gave 13 (0.66 g, 87.5%) as a syrup: [a]D56.40(c 
3.4, CHCI,); NMR: 6 (ppm) 0.87 (C4 Me); 0.95 (d C2 Me); 
9.96 (m, H2, H4); 3.23 (t, H3); 3.37 (s, OMe); 4.56 (d, 
CH,Ph); 5.19 fm, H,,,.,); 5.89 (m, H6); 7.34 (arom.); em; 
Mass. spec. M+ 276. 

Methyf 3 - 0 - benzyf - 2,4,6,7 - tetradeoxy - 2,4 - di - C- 
methyl - a - D - gulo - heptopyranosti, 14. A s&n containing 
13 (0.69g) in 20mL of benzene was hydrogenated in the 
presence of 5% Rh-on-Al catalyst (70mg) during 3 hr. 
Filtration of the suspension and chromatographic sepa- 
ration of the evaporated residue (EtOAc-hexane 1 : 4) gave 
the title product in quantitative yield (0.7 g) as a syrup; 
[ab + 37” (c 2.5, CHCl,); NMR: S (ppm) 0.95 (C2, C4, C7, 
Me); 1.50 (m, H6,6’); 1.96 (m, H2, H4); 3.19 (s, 
J2.3 = J,, = 3.2 Hz, H3); 3.38 (s, OMe); 3.99 (m, H5); 4.45 (d, 
J,.2= 4.2 Hz, HI); 4.52 (d, CH,Ph); 7.33 (arom.); Mass. 
spec. M+ 278. 

3 - 0 - Benzyt - 2,4,6,7 - tetradeoxy - 2,4 - cfi - C - methyl- 
1 - 0 - triphenyfmethyf - D - guIo - heptifol, 15. The preceding 
compound (0.69 g, 2.48 mmole) was stirred in 22% aqueous 
AcOH (8 mL) at 50” for 1 hr. Evaporation with toluene gave 
a chromatographically homogeneous syrup which was re- 
duced with NaBH, (93 mg) in 10 mL of EtOH. After stirring 
for 6 hr an additional 47 mg of NaBH, was added and the 
addition repeated after a further 24 hr. The chro- 
matographically homogeneous product 
(EtOAc-hexanes) was isolated by treatment with AcOr!Iy 
evaporation and flash chromatography to give a syrup, 
0.57 g (76%); [a]D + 11.6” (e 2.1, CHC13). The product was 
used as such in the next step. 

A soln of the preceding compound (0.57 g, 2.14 mmole) in 
5 mL of pyridine was treated with trityl chloride (0.72g, 
1.2equiv). After stirring at 65” for 20 hr, the soln was 
evaporated, and the residue was dissolved in CH,CI,. Pro- 
cessing of the organic phase in the usual way and flash 
colon chromatography (EtOAc-hexanes, 5 : 95) gave 
1.02 g (quant) of product. Crystallization from ether and 
hexanes gave material showing m.p. 9>%” and {a]D + 12.1’ 
(c 1.0, CHCl). NMR: S (ppm) 0.97 (d, Me); 1.08 (d, Me), 
etc. (Found: C, 82.33; H, 7.65. Calc. for C,,H,O,: C, 82.62; 
H, 7.90%.) 

3 - 0 - &nzy~ - 2,4,6,7 - tetradeoxy - 5 - keto - 2,4 - di- 
C - methyl - 1 - 0 - triphnyf - methyf - L - 1~x0 - heprirot, 
16. A soln of 15 (0.785 g, 1.55 mmole) in 10 mL of CH,Cl, 
was added dropwise to a cooled mixture containing 1.33 g 
of pyridinium chlorochromate, I g of flame dried 3A molec- 
ular sieves and 0.255 g of anhyd. NaOAc in 30mL of 
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CHrCl,. After stirring at 0” for 1.5 hr, cthcr was added and 4O.7mmok3) in 70mL of MeOH with 3mL of a 1M 
the mtspcnsion was Iiltctcd through a layer of Florosil. NaOMc soln mm&cd in the direct cryrztallization from the 
Processing the liltrates and Ilash chromatography gave soln of the desired product 21. A&r sitting at - 20” for 
0.61 g (780/,) of the title compound as a crystalline solid, 27hr the cr#als wcrc Iiltcral, washed with McOH and 
mp. 91-92”; [r+, - 8.9” (c 1, CHCl,); NMR (400 MHZ); 6 d&d. The mother liquors were neutrahzcd with Dowex- 
$ppm) 1.08 (C2 Me); 1.11 (C4 Me); 2.42 (q, H6); 2.71 (q, SO(H+) and the suspension filtered and evaporated to 
4j = 5 Hz; J,,$ = 7H2, H4); 3.2 (CH,OTr); 3.81 (q, dryness to give additional product. The combined crops 

J,, = 7 Hs; J,, = 5 Hz, H3). etc. (Found: C, 82.71: H. 7.29 gave 14.55 g (So”/,) of cpimcrizcd ketone. Rccrystallixation 
Calc. for C,,H,O,, C 82.95; H, 7.574.) from MeOH gave pure 21, m.p. 137.5-139.5”; [ah, + 130.1” 

Methyl 4,6 - 0 - bensyfidene - 2 - tdeoxy - 2 - C - methyl- (~0.52, CHCLJ IR(KBr) 173Ocm-* (Go); NMR 6 (ppm) 
3 - 0 - mrrhyl - x - D - aflopyru?w&ic, 18. A sdn amtaining 1.1 (d, C2 Me); 2.24 (m, H2); 3.2-3.7 (m, H6,6’); 3.45 (s, Cl 
77 g (0.27 mole) of 17 (see pmparation of 5) in 450 mL of OMc); 3.57 (S, C3 OMe); 3.77 (d, J, = 12 Hz, H3); 4.33 (m, 
DMF was added to a suspension of NaH (19.83~. H5); 4.77 (d, J,, = 3H2, Hl); 7.1-7.75 [m, arom.), etc. 
0.82 mole) in 240 mL of DMF. After stirring for 30 mia the (&uu$ C, 75.07; H, 6.72. Calc. for f&H,O,; C, 75.31; H, 
mixture was cooled to 0” and 137 mL (2.2 mole) of Mel was 
added slowly. After stirring for 2hr at O”, and ovcmight at ’ MGhyl2 - &oxy - 2 - C - methyi - 3 - 0 - methyl - 6 - 
room tcmp, MeOH was added to destroy cxcua rcagcnt, the 0 - trtphenylmethyl - a - o - glucopyranosi&, 22. The 
auspcnsion was diluted with ether (6 x 4W~rnL) and water prcculing compound (3.45 g, 7.7 nunol*r) wax ruluocd with 
(200 mL) ~8s added. Processing the organic phase as usual NaBHI (0.38g) in a 1: 1 mixture of DMF and McOH 
gave 75 g (93%) of 18 as a crystalline product. Rc- (30mL). After stirring for 1 hr, the xoln was trcatcd with 
crystallimtion from CH,Cl,-pctrolcum ether (b.p. 3060”) AcOH at O”, cvaporatcd to dryness and the msiduc dissolved 
gave pun product, 62-69g (7685%); m.p. 140-141”; in CH+&. Usual proccsaing gave a pale yellow syrup which 
[u]D+ 115.4” (c 0.51. CHCl,); NMR: d (ppm) 1.07 (d, C2 was cbromatographically homogcncous (toluenoEtOAc 
Me); 1.97 (m, HZ); 3.3-4.4, H3-H6,6’); 3.42 (s, Cl OMe}; 9:l)andwasusodassuchinthenextstep. 
3.68 (s, C3 OMc); 4.47 (d. J,, = 4 Hx, HI); 5.53 (8, CHPh); Methyi 4 - &or0 - 2.4 - dirfroxy - 2 - C - methyl - 3 - O- 
7.25-7.70 (arom.); (Found: C. 65.65; 7.49. Calc. for C, methyl - 6 - 0 - triphenyimethyf - a - D - ga&ctopyruaosti, 
65.29; H, 7.53x.) 23. Compound 22 (3.468 7.7mmolca) wan dissolved in 

Methyl 2 - deoxy - 2 - C - methyl - 3 - methyl - 6 - 0 - 30 mL of dry pyridine and the soln was cooled to - 78”. 
triphettyltnethy- a - D - dlopywwsi&, 19. A saln containing Sulfuryl chloride (3.13 mL, 5 cquiv) was added dropwiae 
29.6 g (100.8 mmolcc) of 18 900 mL of EtOAc was hydro- with stirring under an atmosphere of N2. The pale yellow 
gcnati in the prcscnce of 20”/, W-C (2.96 g). AI?cr 20 hr the viscous soln was kR at room tcmp ovcmigbt during which 
cctalyst was filtered and the filtrate was evaporated to a time the color changed to dark brown, The soln was poured 
syrup (20.76 8, quant). ChromatolIraphic and apcctrmpic into &-water and stirred for 2 hr. Extraction with CHCl,, 
examination indicated that hydrogcnolysis of the bcn- washing the organic phase with cold dil H2SOe, then 
xylidcne a&al was complete. NaHCO, aq Cu(NOL)2 aq and finally water and drying gave 

Treatment of 18 (4.4g) in water (255 mL) and McOH a reddish syrup (3.6g) which was chromatographically 
(90mL) in the prcsencc of p-tolumemrIfonic acid 2.19 g homogcncous (tolucnc-EtOAc, 9 : 1). This product was 
(1.5 hr, 25’) gave similar results. used as such in the next step. 

Tritylation of the above product (20.76g. 100.8 mtnoles) Methyl 2,4 - dideoxy - 2 - C - methyl - 3 - 0 - methyl - 
in pyridine (200 mL) with 38.97 g (111 mmoles) of trityl 6 - 0 - triphenylnethyl - a - D - xylo - hexopyranost&, 24. 
chloride during 72 hr at room tcmp, followcd by dropwise Compound 21 (3.68, 7.7mmolcs) was dissolved in dry 
addition of the soln to kc-water (41t) gave a syrup. The toiucnc (1OOmL) and 5.1 mL (2.5cqniv) of tri-n-butyltin 
supernatant wax decant& the syrup was dissolved in ether hydride and 1.38 of ax&is-isobutyronitrile were added. 
and the soln procecscd aa usual to give. a solid which was After rcfluxing the soln for 5 hr under N2, it was evaporated 
rccrystxllixcd from ctImr-pentauc to 8ive the desired pre to dryness and the rcsiduc was flash chromatographcd 
duct in over 80% yield; m.p. 135-137’; [a]D + 79.8” (c 0.5, (hexan~I?tOAc, 9: 1) to give the title compound (3.3 g, 
CHCI,); NMR: 6 @pm) 1.08 (d, c2 Me); 1.95 (m, H2); 2.45 Want) as a colorless syrup. An aliquot was Puri8cd by 
(m, OH); 3.3-4.1 (m, H3-HLB); 3.45 (S, Cl OMC); 3.53 (8, preparative TLC [ah>+ 76.1” (c 0.78, CHCl& NMR: 6 
C3 OMe); 4-M (d. J,3 = 4H2, Hl); 7.10-7.70 (arom.). (ppm) 1 (C2 MC); 3.38 (s, Cl OMe); 3.83 (s, C3 OMe); 4.61 
(Found: C, 75.24; H, 7.89. Calc. for CuHuO,: C, 74.98; H, (d, Jr, = 3.8 HG Hl), cm. 
7.19D/,.) 2,4 - Dtioxy - 5,6 - 0 - itopropyiidenc - 2 - C - methyl- 

Since the crude product was found to bc contaminated 3 - 0 - methyl - D - xylo - hex&d, 2!5. A solo of 24 (1.825 g, 
with traces of triphcnylmcthanol, it was found to bc more 4.22 mmolcc) in a 7: 3 mixture of AcOH and water was 
practical to proccui to the next step without rc- stirred at 80” for 2.5 hr. The soln was evaporated to dryncaa 
crystalliz¶tion. in the prcccncc of toluenc, the residue was dissolved in 

&jethy~2-&oxy-2-C-methyl-3-O-mtthyl-6-0- EtOH and 0.1612 of NaBH, was added. After stirring at 
triphenylmethyl - a - D - rib0 - h~~pyrnnatid - 4 - Id-, rwm temp for 2.5 hr, the aoln was trcatcd with ACOH, then 
20. To a soln containing 25.25 g (131.5 mmoka) of cthyl- evaporated to dryncas and the residue was flash cbro- 
dimcthylaminopropyl aubodiimidc hydrochloride in matoqaphcd (CH&l+icOH, 93 : 7, tbcn 80 : 20) to give 
2OOmL of DMSO were added in s-ion 19.57 g the expected trio1 (0.94 g). Treatment of this product with 
(43.7mmolesf of 19, pyridinc (5,2mL, 64.5mmolca) and 2,2dimcthoxypropane (3.9 mL) in oxolane 20mL in the 
trifluoracctic acid (4.4 mL, 59.4 mmolcs) at 0”. After stirring prcscncc of p-tolucncsulfonic acid (SO mg) for 30 min, fol- 
at room temp for 18 hr. the soln was diluted with 208 mL lowed by addition of so&d NaHCO, and normal processing 
of water, and extracted with ether. Pr&ng of the oqanic gave a syrup. Flash chromatography {CHC&-MeOH, 98 : 2) 
phase gave 19.5 g (quant) of the expected ketone as a syrup. gave 0.9~ (78%) of the title compound as a syrnp, NMR 
This material was utilii in the next step due to its mlativc 6 (ppm) 0.88 (d, C2 Me); 2.39, 2.43 (CM%); 1.71-1.8 (m, 
instability. IR 17#cm-’ (GO); NMR: d (ppm) 0.97 (d, C2 H4); 2.12 (m. H2); 2.9 (OH); 3.45 (8, OMe, em); Mass SW, 
Me); 2.88 (m, H2); 3.40-3.70 (m, H6,6’; 3.43 (s, <n-oMe); m/e 219 (M+ + I). 
3.47 (s, C3 OMe); 4.2-4.4 (m, H3, H5); 5.07 (dd. J,z = 6 Hx, Af&hydo 2,4 - dkikoxy - 5,6 - 0 - iwpropylidene - 2 - C- 
HI); 7.1-7.7 (m, arom.). Oxidation with pyridinium chloro- me#hy~ - 3 - 0 - methyl - D - xylo - hexare, 26. A soin of the 
chromate gave identical rc~lts. preceding compound (0.5 g, 2.3 mmoles) in 60mL of 

Methyl 2 - deoxy - 2 - C - methyl - 3 - 0 - methyl - 6 - CH&l, was trcatcd with 1.98 g (4cquiv) of pyridinium 
0 - trtphenylmethyi - a - D - xyio - hexopyranostd - 4 - Awe, chlorochromatc, 1 g of 3A molecular sieves and 0.38 g 
21. Treatment of the prcccding compound (iB.l?g, (cquiv) of anhyd NaOAc. After 5 min of stirring, ether wa8 
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added, the mixture was transferred under argon unto a 
column containing Florisil, and the column washed with 
ether. The effluent was evaporated with minimum exposure 
to air and humidity. The syrupy residue was dried on a 
pump and stored at - 10” under anhydrous conditions 
hecasue of its tendency to hydrate, yield 0.36g (720/,). This 
aldehyde was prepared prior to further use and stored in 
oxolane containing molecular sieves at - IO”. NMR: b 
(ppm) 1.11 (s, C2 Me), 1.38, 1.43 (CMe.& 1.70 (s, H4); 3.39 
(s, OMe), 9.82 (CHO), etc. 

A&l product 30. A soln of n-BuLi in hexana (1.55M, 
3’3 p L) was added dropwise and with stirring at - 10” over 
15 min to a soln containing diisopropylamine (70 pL) in 
600 ~1 L of THF under argon. After stirring for 15 min the 
soln was cooled to - 78”. A soln of 16 (253 mg, 0.5 mmole) 
in 800 p L of THF was added dropwise over 2 min. The clear 
colorless soln was stirred at - 78” for 2 hr, after which a soln 
of 26 obtained from 60 mg, 0.28 mmole of 25 and stored 
over 4 a molecular sieves in 500 g L of THF) was added over 
2 min. After stirring for 5 min at - 78” TLC examination 
showed complete consumption of the aldehyde and the 
appearance of one major spot and two minor spots. The 
soln was treated with 1 mL of NH&l aq, then allowed to 
warm to room temp. Extraction with CH,CI, and usual 
processing gave a colorless syrup which was flash chro- 
matographed (EtOAc-hexanes, 1 : 4) to give the following 
fractions: recovered 16, 150 mg; aldol product 152 mg (76% 
based on 26) unknown component 10mg. Analysis of the 
400 MHz ‘H NMR spectrum showed the presence of an 
approx. 7 : 3 mixture of aldol products. For the major 
isomer: ppm (400 MHz), 0.75, 1.08, 1.1, 1.14 (C-Me20, 22, 
24,26); 1.37, 1.34 (Me&); 1.58 (H28a. o, J = 14 Hz; 8.2 Hz; 
3.4Hz; 1.74; (H28b, J = 14H2, 9.SHz; 4.6Hz); 1.81 (H20, 
m); 1.95 (H26, q); 2.85 (H24, J = 7.08 Hz; 1.7 Hg 3.15 (H25, 
J= 8.8Hz; 5.86Hz); 3.32 (H21, dd, J=8.8Hz; 4.6Hz); 
(OMe); 3.72 (I H, dt); 3.96 - 3.95 (3H, m); 3.9 (IH, bd); 4. I5 
(1H. m); 4.40, 4.23 (CH,Ph, J = 11 Hz); 7.09-7.44 (arom.). 
For the minor isomer: ppm 0.94, 1.08, 1.49 (C-Me); 1.37, 
1.39(Me,C); 4.22, 4.50 (CH,Ph), etc. The chro- 
matographically homogeneous syrupy aldol product consis- 
ting of a major component and a minor one (not separable) 
showed [a]D-17.6” (c 1.8, CHCI,). (Found: C, 76.74; H, 7.88. 
Calc. for C,H,O,: C, 76.40; H, 8.17.) 

Reduction and detritafion of 3@-isolation of 31. An 
amount of the aldol product 30 (15Omg) in 20 mL of 
toluene was treated at -78” with 6 mL of Dibol (1 M in 
hexanes). After stirring at -78” for 2 hr, the soln was 
allowed to warm to 10”. It was treated with NaOH aq, the 
soln stirred vigorously and diluted with ether. Usual pro- 
cessing gave a syrup which was dried on a vacuum pump 
to give 142 mg of reduced product which exhibited a major 
component on TLC (hexanes-EtOAc, 3 : 2). SeParation by 
preparative TLC gave 128 mg of the major exPected product 
and IOmg of the epimer. 

Catalytic hydrogenation of the major product in 20 mL of 
MeOH in the presence of 60 mg of loO/, W-C during 18 hr 
followed by filtration of the catalyst and evaporation gave 
a chromatographically homogeneous syrup in almost quan- 
titative yield (68 mg); chromatographic separation 
(CH,CI,-EtOH %: 4) to remove trace imputities gave 
63 mg (93%) of 31 as of a clear syrup [a),, - 3.2” (c, 0.43, 
EtOAc); M + 393 (M + H); 378 (M + H)-Me. (Found C, 
60.88; H, 10.2. Caic. for C&$&O,: C, 61.2; H, 10,27aA). 

Conversion of 31 to the pent01 33. The preceding corn- 
pound (60 mg) was dissolved in a 7 : 3 mixture of AcOH and 
water (10 ml) and the soln was stirred at 50” for 3Omin. 
Toluene was added and the soln was evaporated to give a 
chromatographically homogeneous sYNP VLC 
CH,CI,-EtOH 85 : 15); yield 50 mg. The product was dis- 
solved in 5 mL of MeOH and 6mL of a 0.02M soln of 
aqueous sodium metaperiodate was added at 0”. After 
stirring at room temp. for 30 min, TLC showed the aPpear- 
ante of a double spot with intermediate mobility, corre- 
sponding presumably to the two anomers of 32. The mixture 

was treated directly with NaBH, (15 mg) and the soln was 
stirred for 30min. Addition of AcOH and evaporation to 
dryness in the presence of toluene gave a semi-solid residue 
which was extracted with EtOAc several times to give a 
colorless syrup 45 mg (WA} which was characterized as the 
pcntaacetate derivative 34 and the bisacctal hemiacetal 35 
described below. 

Preparation of the peracetylated pentol38. The preceding 
compound (20 mg) was dissolved in 12 mL of EtOAc and 
treated with 0.6 mL of AGO and 6mg of 
N,Ndimethylaminopyridine. After stirring overnight at 45” 
the soln was diluted with MeOH and stirred 1 hr at 45”. 
Toluene was added and the soln was evaporated to dryness 
to give a sYrup which was purified from trace impurities by 
c&mm chromatography (CH,C&-EtOH, 96: 4) to give 
25mg (75%) of a colorless syrup; [a]D + 0.38 (c 0.36, 
CHCI,); mle 473 (M + H)-AcOH; ppm (400 MHz)-&86 
(C26 Me); 0.93 (C24 Me); 0.95 (C22 Me); 1.00 (C20 Me); 
1.71 (m, H28’ Jmez7 = JaeD = 6.6 Hz; J,, = 14 Hz); 1.76 
(H26, m, J,.,, = 1.6 Hz; J,, = 10 Hz; J=* = 7 Hz; 1.97, m 
(H28, m, Jzg3, = J,, = 6.6 Hz; JzBJV = 14 Hz); 2.01, 2.015, 
2.03, 2.04, 2.05 (OAc); 2.04 (HZO, m, J,,, =4.5 Hz; 

- 6.5 Hr J = 9.8 Hz; J - 6.9 Hz; 2.18 (H24, m, 
k; = 1.2 Hz; J:; = 5.5 Hz; J;;$7.0 OHz); 2.45 (H22, 
m, J,=, = 1.8 Hz; JnJ3 = 8.1 Hz; J-. = 6.9 Hz); 3.10 (H27, 

$$?d:, J 
- 1.6 HZ J,, = J2,= = 6.6 Hz); 3.29 (OMe); 3.88 

~Q,M = 6.5 Hz; J,,,,, = 11 Hz); 3.94 (H 19, dd, 
J ,920 = 6.5 Hz; J,,.,, = 11 Hz); 3.94 (H19, dd, J,, = 4.5 Hz; 
J,,,, = 11 Ha); 4.09 (H29, 29’, t, J2931) = Jaa = 6.6 Hz); 4.8 
(H23, dd, Jzs2, = 5.5Hz; J,, = 8.1 Hz); 4.91 (H21, dd, 

:::;- 
- 1.8Hz, 1,,,=9.8Hz); &I25, dd, J,,,= 1.2Hz; 
= 10 Hz). (Found: C, 58.33; H, 8.14. Calc. for 

C2&,0,,: C, 58.62; H, 8.38”/,.) This material was identical 
in all respects with a sample obtained from the degradation 
rifamycin S (Ir, NMR, MS). 

Preparation of the ace&l 35. Compound 33 (20 mg) was 
dissolved in 1 mL of I, ldimetboxypropane, 2 mg of cam- 
phorsulfonic acid was added and the soln was stirred at 
room temp overnight. The soln was poured into 
NaHCO, aq, ether was added and the organic layer was 
processed as usual to give a colorless syrup which was 
homogeneous on TLC (toluene_EtOAc, 4: 1). A small 
quantity of more polar material could be observed which 
corresponds to the cleavage of the terminal acyclic acetal 
appendage. Chromatographed separation gave the acetal35 
as a colorless syrup which crystallized, yield 18 mg, 5t%, 
m.p. 73-74“; [ah + 20” (c 2.17, CC&), m/e 403 
(M + H)-C,H& 6 (ppm) (400 MHz): 0.69, 0.78, 0.8, 0.87 
(C-Me 20, 22, 24, 26); 1.27, 1.32, 1.35 (lSH, CM%); 1.39 
(3H, CMe of acyclic acetal); 3.22 (OMe, se&al); 3.36 (OMe, 
ether), etc. (Found: C, 61.87; H, 8.53. Calc. for &,H,O,: C, 
62.15; H, 8.86x.) 

Treatment of this product (4.5 mg) in 2mL of MeOH 
with 0.2 mL of IN AcOH and evaporation to dryness in the 
presence of toluene (several times) gave 36 a colorless syrup 
(3.8 mg). 

Isolation of 34 and 35 from a degraabtion product of 
rifamycin S. Compound 37 (694 mg) prepared from rifam- 
ycin according to a tit procedure,2’ was dissolved in CH,Cl, 
(5 mL) and EtOH (20 mL), the soin was cooled to - 78” and 
ozonized. The initally Pale yellow soln became pale green 
after 90min. After an additional Mmin Nz was bubbled 
through the soin, followed by addition excess NaBH, 
(230mg). After warming the soln to room temp, excess 
reducing agent was destroyed by addition of aqueous AcOH 
and the soln was evaporated in the presence of toiuene. The 
residue was dissolved in CHCI, and added to a silica gel 
column. Washing the column with a mixture of CHCl, and 
MeOH (9 : 1) gave a pale yellow syrup which after drying in 
vacuum was tmnsformed into a foam, yield 515 mg (91%). 

Treatment of the above product (370mg) with aqueous 
csoof, A&H (50 mL) at 70” for 1.5 hr gave a mixture of two 
products which were separated by chromatography on silica 
gel (CH,Cl,-acetone 5 : 4, containing 0.1% Et,N, followed 
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by CH,Cl,-MeGH, 95.5 containing 0.1% Et,N). The lactol 
32 (78.8 mg) and a less polar product (76.7 mg) were thus 
isolated as chromatographically homogeneous syrups. Re- 
duction of the laclol with NaBH, (15 mg) in 10 mL of 95% 
EtOH, followed by addition of aqueous AcGH after 2hr, 
and conventional processing gave a syrup (3 1 mg) which was 
identical to 33 (TLC, NMR). Acetylation and acetylation as 
described before gave 34 and 35 which were identical with 
material obtained by the synthetic route (NMR [a]~, MS). 

Acetylation of the less polar component (70 mg) in 1.5 mL 
of pyridine, 0.4mL A%0 in the presence of 0.3 mg of 
N,Ndimethylaminopyridine (2 hr, 25”, 1 hr. 60”), gave after 
coevaporation with toluene, and column chromatography, 
43mg of a colorless syrup to which structure 39 was 
assigned based on high field NMR and decoupling studies. 
Mass spectral data: m/e 387 (M + H); ‘H NMR data 
(400 MHz); ppm 0.75 (C24 Me); 0.97 (C20 Me); 1.03 (C22 
Me); 1.12 (C26 Me); 1.45 (H28, Jxra= 2.26Hz; 
J 28<2, = 9.4 Hz; Jaz,, = 14Hz; 1.74 (H26, JXMe = 6 Hz; 
Ja.rJ = 4.1 Hz; Jre3, = 9 Hz; 9.96 (H22, J,, = 6.8 Hz; 
J 2223 = 3.2 Hz; Jn3, = 2.4 Hz); 2, 2.05 (OAc); 2.11 (H20, 
J r,,Me = 6.8 Hz; J,, = 9 Hz; J,,,, = 4.1 Hz; Jzo,,p = 6.6 Hz); 
2.35 (H24, J,, = 7 Hz; JaJ, = 4.1 Hz; J2,33 = 11 Hz); 2.53 
(H28’, JaJ9 = 8.7 Hz; Jz3, = 6.3 Hz; J,,, = 14 Hz); 3.02 
(H27, J,, = 9.4 Hz; JnX = 6.3 Hz; J,, = 9.4 Hz); 3.61 
(H25, J252e = 4.1 Hz; J,,a, = 4.1 Hz); 3.77 (H23, 
J 23>, = 11 Hz; Ju/t = 3.2 Hz); 3.93 (H 19, JIIezo = 6.6 Hz; 
J,,,, = 11 Hz); 4.01 (Hl9, J,, = 4.1 HZ J,9,11y = 11 Hz); 
5.15 (H21, .J,,,,=2.4H& J,,,=9Hz); 5.24 (H29, 
J 2931 = 2.6 Hz; JaJ8’ = 8.7Hz). (Found: C, 61.93; H, 8.6. 
Calc. for CjI,,O,: C, 62. I5 H, 8.85%) 

Echylchio 3 - 0 - benzyf - 2.4 - dideoxy - 2,4 - dt - C mechy- 
6 - 0 - c - butyid~~ny~s~Iy1 - st$ - D - gulopyranoside, 40. 
A soln of 10 (237 mg, 0.45 mmole) was dissolved in 3 mL of 
ethanethiot and anhyd &Cl, (45 mg) was added at - 25”. 
After stirring for 30 min. the mixture was filtered through a 
plug of silica gel and the filtrate was evaporated to dryness. 
Chromatography on silica (EtOAc-hexanes gave the thio- 
glycoside as a chromatographicahy homogeneous syrup 
(237mg, 94%). (Found: C, 67.51; H, 7.88; S, 5.54. Caic. for 
CJ3H,,03 SiS: C, 67.76; H, 8.1; S, 5.8%) 

3 - 0 - Benzyl- 2,4 - dideoxy - 2,4 - di - C - methyl - 5- 
0 - methylsu!fonyI - 1 - 0 - triphenybnethyl - D - gsdicol, 
42. To a vigorously stirring suspension containing 40 
(161 mg, 0.294 mmole), and 173 mg of NaHCO, in 6 mL of 
ether and 3 mL of water was added 2.2 mL (3 equiv) of Br, 
dropwise over 5 min. TLC showed almost transformation 
into the lactol (double spot) after 20min the mixture was 
diluted with ether, extracted, washed with Na&O,, then 
NaCl and processed in the usual manner to give a syrup. 
Chromatography over silica gave 120 mg (81%) of the lactol 
as a mixture of anomers. This product was dissolved in 
2-propanol (5 mL) and a total of 24mg of NaBH, was 
added over 24 hr. TLC examination showed conversion to 
a more polar component. The mixture was neutralized with 
AcGH, and the soln processed as usual. After chro- 
matography on silica (EtOAc-hexanes, 1: 4) 41 was isolated 
as a colorless syrup (110 mg). Tritylation with 75 mg of trityl 
chloride in 1 mL of pyridine (25”, 3 days) followed by 
addition of methanesulfonyl chloride (0.2mL) and 
N,Ndimethylaminopyridine (25”. 3 days) and conventional 
workup, gave a syrup. Chromatography on silica 
(EtOAc-hexanea, 3 : 7) gave 42 as a colorless syrup 
(195 mg); [a]D + 9.2” (t 1.2, CHCI,). (Found: C, 74.11; H, 
7.20; S, 3.63. Calc. for C,,H,O, SiS: C, 74.04, H, 7.08; S, 
3.87x.) 

$6 - Anhydro - 3 - 0 - benzy/ - 2.4 - dideoxy - 2,4 - a? - 
C - methyl - 1 - 0 - triphenylmechyi - L - galaccitol, 43. A soln 
containing 42 (128 mg) in 1 mL of oxolane was treated with 
a soln of tetra-n-butyhunmonium fluoride (0.3 mL, 1M). 
After stirring for overnight at room temp and 2 hr at 60”, 
the soln was evaporated to dryness and the residue was 
chromotographed on silica (CHCl,-MeGH, 97 : 3) to give 
35 mg of the epoxide 43, as a syrup; [a]~ + 7.65” (c 0.51, 
CHCI,); m/e 494 (M+ + H). 

2,4 - L>i&oxy - 2 - C - methyl - 3 - 0 - methyl - 5,6 - O- 
isopropyh&ne - D - xyfo - hexose propyIenedithioacecal, 27. 
A soln of 24 (520 mg) was hydrolyzed as described for the 
preparation of 25. The resulting crystalline lactol was 
dissolved in CHrCl, (25 mL) and the soln was treated with 
propanedithiol (0.9 mL) and BF,-etherate 0.3 mL. After 
stirring overnight at 0”, Ba(OH), was added and the mixture 
stirred vigorously. Filtration, evaporation and chro- 
matography of the residue gave a syrup (340 mg), which was 
dissolved in benzene (10 mL) and the soln was treated with 
2,2dimethoxypropane (22 mL) and camphosulfonic acid 
(30 mg). After stirring 1 hr at room temp. the solution was 
treated with Dowex-1 (OH-), and the filtrate evaporated to 
dryness. Chromatography over silica (EtOAc-hexanes, 1: 4) 
gave the title compound as a syrup (298 mg); [air> - 9.2” (c 
0.5, CHC&). (Found: C, 54. I 1, H, 8.14; S, 20.36. Caic. for 
C,,H,O,S,: C, 54.5; H, 8.51; S, 20.78%) 

Condensation of dithian 27 with 12. A soln of t-BuLi 
(220 p L, 0.4 mmole, 1.8M in hexanes) was added dropwise 
to a soln of 27 (133 mg, 0.433 mmole) in 2.5 mL of hexanes 
at - 15”. The soln was stirred at - 15” for 1.5 hr then cooled 
to - 78”. A soln of 12 (1Omg) in 0.5 mL of dry ether was 
added dropwise. After stirring at - 78” for 4hr, TLC 
indicated little if any reaction had taken place. After allow- 
ing the mixture to watm up to room temp, there were 
formed three new products of lower mobility. NH&l was 
added, the soln processed by extraction and the syrupy 
residue was chromatographed on silica (EtOAo-hexanes, 
1: 4) to give 60 mg of recovered dithian, 4 mg of the 
condensation product 44 and the same amount of two 
components of lower mobility which were not investigated 
further. For 44, 6 @pm, 400 MHz) 0.95, 1.02, 1.30 (C-Me); 
1.43, 1.36 (Me,C): 3.19 (t, H3); 3.46, 3.52 (OMe); 4.59 (d, 
Jtj = 4.3 Hz, Hl), 4.89 (CH,Ph) etc. m/e 569 (M+ - Me); 
479 (M+ - MeCH2Ph). 

Acknowledgements-We wish to acknowledp a fellowship 
to J.-R. Pougny (CNRS, France) and the Natural science 
and Engineering Research Council of Canada for financial 
assistance. High field NMR spectra were recorded by Dr. P. 
V. M. Tan. 

REFERENCES 
‘For a preliminary communication, see, S. Hanessian, J.-R. 
Pougny and I. K. Boessenkool, J. Am. C/rem. Sue. 104, 
6164 (1982). 

2P. Sensi, A. Greco and R. Ballot& Antib. Ann. 262 (1960). 
‘V. Prelog, Pure Appl. Gem. 7, 551 (1963); W. Oppolzer 
and V. Prelog, He&v. Chim. Acta 56, 287 (1973). 

‘M. Brufani, W. Fedeli, G. Giacomelo and A. Vaciago, 
Experentta Zo, 339 (1964). 

rFor reviews of the ansamycins, see, W. Wehrli, Top. Curr. 
Chem. 72, 22 (1977); M. Brufani, Topics in Antibiotic 
Chemistry (Edited by P. Sammes), Vol. 1, Part B; Ellis 
Harwood, Sussex (1977). K. L. Rinehart, Jr. and L. S. 
Shield, Progress in the Chemistry of Organic Natural 
Products (Edited by W. Hen; H. Grisebach and G. W. 
Kirby), Vol. 33, p. 231. Springer-Verlag, New York 
(1976). P. Sensi, Pure Appl. Gem. 41, 15 (1975). 

6See for example, A. I. Meyers, P. Reider and A. L. 
Campbell, J. Am. Chem. Sot. 102, 6579 (1980); E. J. 
Corey, L. A. Weigel, A. R. Chamberlin, H. Cho and D. 
H. Hua, Zbid. 102, 6615 (1980); see also M. Isobe, M. 
Kitamura and T. Goto, Ibid. 104, 4997 (1982). 

‘H. Nagaoka, W. Rutsch, G. Schmid, H. Iio, M. R. 
Johnson and Y. Kishi. J. Am. Chem. Sot. 102.7962 (1980); 
H. Iio, H. Nagaoka and Y. Kishi, Ibid. 102, 7965 (1980); 
see also Y. Kishi, Pure Appl. Chem. 53, 1163 (198 1); H. 
Nagaoka and Y. Kishi, Tetrahedron 37, 3873 (1981). 

Bs. Masamune, B. Imperiali and D. S. Garvey, J. Am. 
Chem. Sot. 104, 5528 (1982). 

‘N. Cohen, W. F. Eickel, R. J. Lopresti, C. Newkom and 
G. Sancy, .J. Org. Chem. 41, 3505 (1976). 

i”Aspects of this work were discussed at the Euchem Confer- 



Assembly of the Cl9-C29 aliphatic segment of rifamycin S from ~-glucose by the &iron approach 1301 

‘3. Haaessian, G. Raacourt and Y. Guindon, Cmr. /. 

ence on Uses of Carbohydrates as Starting Materials for 
Organic Synthesis. Bell-ile-en-Mer, France, 3-7 June 
(1979); Euchem Stereochemistry Conference Biirgenstock, 

Chem. 56, 1843 (1978); S. Hanessian and G. Rancourt, 

Switzerland, 27 April-3 May (1980); 28th IUPAC Con- 
gress, Vancouver, Canada 16-2 1 Aug. (198 1) OR 088; see 

Ibid. 55, 1111 (1977); Pure Appl. Chem. 49, 1201 (1977). 

also S. Hanessian, Act. C&m. Res. 12 159 (1979). 
“For recent reviews. see, D. A. Evans, J. V. Nelson and T. 

“S. Hanessian and P. i_avall&e, Ccuz. J. Chem. 53, 2975 

R. Taber, Top. Stereo&m. 13,l (1982); C. H. Heathcock, 
Comprehensive Carbdon Chemistry (Edited by T. Durst 

(1975). 

and E. Bun&), Vol. II. Elsevier, Amsterdam, in press; C, 
H. Heathcock, Science 214, 395 (1981); R. W. Hoffmana, 
Angew. Chem., Int. Ed. Engel. 21, 555 (1982). 

12D. R. Hicks and B. Fraser-Reid, Crm. J. Chem. 53,2017 
(1975). 

t5E. J. Corey and J. W. Suggs, Tetrahedron Letters 2647 
(1975). 

14W. M. Pearlman, Tetrahedron Letters 1663 (1%7). 
“H. J. Jennings and J. K. N. fones, Can. J. Chem. 43,2372 

(1%5); see also S. Haaessian and J.-M. Vateie, Tet- 
rahedron Letters 22, 3579 (1981). 

‘“I. Nakagawa and T. Hata, Tetrahedron Z.&t. 1409 (1975). 
19C. H. Heathcook, M. C. Pirruog, J. iampe, C. T. Buse and 

S. D. Young, J. Org. Chem. 46, 2290 (1981); C. H. 
Heathcock, S. D. Young, J. P. Hagen, M. C. Pirrung, C. 
T. White and D, Van Der Meer, Ibid. 45, 3846 (1980). 

2oM. Cherest, H. Felkia and N. Prudent, Tetruhedron L.et- 
ters 2201 (1968). 

2iM. Kinoshita, K. Tatsuta and M. Nakata, J. Antibiotics 
31, 630 (1978). 

=M. Nakata, H. Takas, Y. Ikeyama, T. Sakai, K. Tatsuta 
and M. Kinoshita, &It. Gem. Sot. Japan 54, 1749 (1981) 
and previous papers. 

23B. Fraser-Reid, L. Magdzinski and B. Molino, Current 
Trends in Organic Synthesis (Edited by H. Nozaki), p. 197. 
Pergamon Press, Oxford (1983). 

24D. Seebach, Anger, Chem. Int. Eng. 18, 239 (1979) and 
refs. cited. 

2JE. J. Corey, L. 0. Weigel, D. Floyd and M. G. Book, J. 
Am. Chem. Sot. ItBl, 2916 (1978). 

%P. E. Sum and L. Wiler, Can. J. Chem. 60,327 (1982); 56, 
2700 (1978). 

TEr Vol. 40, No. a-4 


