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Summary: Both natural and unnatural epimers at C-20 
in a steroid side chain can be generated stereospecifically 
by the palladium-catalyzed hydrogenolysis with triethyl- 
ammonium formate of C-20 (2) or (E) allylic carbonates, 
respectively. 

One important problem in the total or partial synthesis 
of steroids is creation of the correct natural configuration 
at (2-20 in a side chain. Several stereoselective methods 
for introducing the side chains of the natural configuration 
in the steroid skeleton have been reported.'-16 In addition 
to creation of the natural configuration, preparation of the 
corresponding unnatural epimer is attracting attention, 
because steroids which have the unnatural configuration 
at C-20 possess interesting biological activity different from 
those of the natural epimers,16 and methods for the ste- 
reoselective preparation of the unnatural epimer are de- 
sirable, In particular, efficient preparation of both epimers 
from a common intermediate is especially desirable. Some 
of the reactions referred to above offer synthetic routes 
to the unnatural isomers by the use of stereoisomeric 
starting materials. However, synthesis of the stereoisomers 
required for preparing both epimers is not always easy. 

In this paper, we wish to report a simple new method 
for creating either the natural or unnatural configuration 
at C-20, at will. The method is based on the palladium- 
catalyzed hydrogenolysis of C-20 (E) and (2) allylic car- 
bonates with formic acid. We have reported that the 

(1) A number of methods for stereocontrolled construction of C-20 
stereochemistry have been reportd (a) ene reaction of 17(E)-ethylidene 
derivatives with acrylate" and propiolate;lbvs (b) reactions via 16- 
hyhxy-l7(E)-ethylidene derivatives, Wittig rearraugement,u 3,3-Claimn 
rearrangement! Carroll rearrangement,' and oxy-Cope rearrangement? 
(c) stoichiometric and catalytic reactions of r-allylpalladium complexes 
with soft carbon nucleophilea9J0 and hard carbon (d) 
reactions via organmpper reagents;lals (e) the stereoepecrx alkylation 
of 2142  acid esters, the ester group b e i i  a precursor of methyl group;" 
and (0 stereospecific hydroboration of 20(22) methylene steroids with 
hindered boranes." 
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palladium-catalyzed hydrogenolysis of allylic compounds, 
particularly carbonates, with triethylammonium formate 
affords olefine with high regiwelectivity." The moat 
important feature of this reaction is that the hydride 
generated from formate attacks regioeelectively the more 
substituted side of the allylic system. (Scheme I) In ad- 
dition to regiwelectivity, we have observed high stereo- 
specificity in the hydrogenolysis of cyclic allylic systems, 
and have successfully applied the method to the stereo- 
specific generation of cis and trans ring jundions.18 

We hoped to apply this regio- and stereoselective hy- 
drogenolysis to the (2-20 allylic carbonate, expecting the 
regiaeelective formation of the C22(23) olefin. In addition, 
we expected, based on mechanistic Considerations that the 
displacement of the carbonate group with hydride would 
take place with net inversion of stereochemistry, that both 
C-20 epimers would be formed stereospecifically from the 
(E) and (2) allylic carbonates 3 and 5. We were pleased 
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to find that the reactions, in fact, proceeded as expected. 
Both pure (E) and (2) steroidal C-20 allylic alcohols 2 

and 4a,b were prepared from the C-20 keto steroid 1 and 
converted to the carbonates 3 and Sa,b which, without 
purification, were treated with an exam of triethylamine 
and formic acid (1:l mixture; 5 equiv were used for 3 and 
2 equiv for Sa,b) in the presence of a catalyst prepared 
h m  Pd(aca& and n-BuP (l:l)l9 in THF (Schemes 11 and 
111). The pale yellow solution of the catalyst turned to 
dark brown. The reaction proceeded rapidly at room 
temperature to give, r e g i u v e l y ,  the expectd C-22(23) 
olefine. The reaction took 30 min for 3 and 1.5 h for Sa 
and Sb to complete. The regioisomeric C-20(22) olefin was 
not detected. Furthermore, the isomeric allylic carbonates 
3 and 6a,b gave the different products 6 and 7a,b in high 
yields. They were deproteded (pyridinium p-toluene- 
sulfonate in MeOH) to give the diols 8 [82% from 2, mp 
205-205.5 OC (needles, recrystallized from benzene), [ a ] ~  
= -%.So, CHCI,] and 9 [92% from 4a and 90% from 4b, 

OC02Me Pd(0) - 
5 
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11) ethyl vinyl ether, cat. PPTS, 

ill) n-BuLi, THF, i2, -78 OC, 

1 h, 79% IV) K O 2 C N = N C 0 2 K ,  ACOH/MeOH, r.t., 2.5 h, 83% V) Cp2zIci2, 

[(MIIOCH2CH20)2AlHJNa, THFIPhH, r.t., 1.5 h vi) i2, THF, r.t., 1 h, 54% 

I) CICH20Me, IPr2EtN, CH2C12, r.t., 14 h,  then, K2CQ/MIIOH, r.t., 1 h, 70% 

11) n-BuLI, THF, 12, -78 "C, 1 h, 95% I l l )  K02C-N=N-C02K, AcOH, MeOH, r.t., 
2.5 h, 92% 

mp 180-180.5 OC (needles, recrystallized from benzene), 
178-178.5 OC (needles, from methanol), [aID = -51.38O, 
CHC13m]. Their isomeric purity was determined by means 
of HPLC after converting 8 and 9 to the corresponding 
monobenzuates. This showed that the unnatural diol 8 had 

(19) The purity of Pd(acac), and n-BusP is critically important for 
combtent multa. Commercially available Pd(acac)* wm recrystallized 
from benzene (needlelike crystals). n-BusP in a Sure-Seal bottle, pur- 
chased from Aldrich, wm &. No reaction or poor conversion wm 
observed with slightly impure n-BuaP purchased from other companies. 

(20) The mp 168-171 'C (recrystallized from methanol) and [ a ] ~ =  
- 5 0 . 8 O  of the compound 9 were r e p o d .  Moieeenkov, A. M.; Cwkh, B. 
A.; Semenovekii, A. V.; Bogoslovekii, N. A.; Litvinova, G. E.; Samokh- 
valov, G. I.; Segal, A. G.; Torgov, I. V. Bioorg. Khim. 1983,9,118; Chem. 
Abstr. 1983,98,198677h. 
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been formed with very high purity (above 99%). On the 
other hand, the selectivities for the natural diol 9 were 
9:lOO (8:9) from 4a and 6:lOO from 4b.21 The NMR ab- 
sorption at 6 0.92, assignable to the C-21 CH3 group in 8, 
supports the conclusion that the unnatural epimer had 
been formed from the (E) isomer 2. The product 9 ob- 
tained from the (2) isomer 4a,b showed the corresponding 
NMR absorption at b 1.03, which is reasonable for a natural 
epimer.22 
These stereospecific reactions can be understood by the 

following mechanism. Formation of x-allylpdadium 
formate 10 takes place from the (E) isomer 3 by the attack 
of Pd(0) from the bottom side, with inversion, to give an 
a-oriented palladium speciea. The complex 10 has a stable 
syn form,23 and the concerted decarboxylation-hydride 
transfer of 11 takes place from the a-side, with retention, 
to give the unnatural configuration 6 (Scheme IV). On 
the other hand, the (2) isomer 5 affords the *-allyl- 
palladium formate 12, which has the anti forma and a large 
steric repulsion between the methyl and the side chain. 

(21) The unnatural ieomer 8 as the minor product from Sa was ieolated 
by increasing the ratio of 8 9  to 2 8  using 5 equiv of HCOIH and EbN 
instead of 2 equiv and identified by ita NMR spectrum and LC retention 
time with 8 obtained from 3. 

(22) Nanvid, T. A.; Cwney, K. E.; Uskokovic, M. R. Helv. Chim. Acta 
1974, 57, 771. 

(23) The stereochemical terms of "eyn" and "anti" are related to the 
middle hydrogen on C-2 in a r-allyl system; BBB: Cotton, F. A; Wilkinson, 
G. Advanced Inorganic Chemistry, 5th ed.; Wiley Interscience; New 
York, 1988; p 77. 

Therefore, transformation from the unstable anti 12 to the 
stable syn form 15 takes place by rotation of a-allyl- 
palladium 13 prior to the hydride transfer 16. At the same 
time, by this rotation, Pd movea to the 8-side 14, and hence 
the hydride transfer 16 takes place from the &side to give 
the natural configuration 7 (Scheme V). The somewhat 
lower selectivity observed for the natural isomer 7 is un- 
derstandable because the hydride transfer from the a-side 
takes place to give 6 to a small extent before the rotation 
(13 - 14). 

T ~ P  method described in this paper offers a convenient 
preparative method for the natural and unnatural (2-20 
epimers of steroids from easily available C-20 keto steroids 
as a common starting material. In addition, the cis and 
trans side-chain units can be prepared from the same 
acetylenic compound." This novel method suggests that 
the palladium-catalyzed regio- and stereospecific hydro- 
genolysis of allylic carbonates with formate should become 
a powerful synthetic tool. 

Supplementary Material Available: Ekperimental proce- 
dures for main steps and compound characterization data (6 
pages). This material is contained in many librariea on microfiche, 
immediately follows this article in the microfii version of the 
journal, and cau be ordered from the ACS; see any current 
masthead page for ordering information. 

(24) The cis and tram side-chain units [protected (E)- and (2)-4- 
hydroxy-4-methyl-1-pntenyl iodides] were prepared by the procedure 
shown in Scheme VI. 

Synthesis of Carbon-Linked Glycopeptides as Stable Glycopeptide Models 
Carolyn R. Bertozzi, Paul D. Hoeprich, Jr.? and Mark D. Bednarski* 
Department of Chemistry, University of California, Berkeley, California 94720, and Applied Biosystem, 850 Lincoln Centre Drive, 
Foster City, California 94404 
Received July 22, 1992 

Summary: A C-glycosyl analog of 8-Gal-0-Ser has been 
synthesized and incorporated by automated solid-phase 
peptide synthesis into a hydrolytically stable, a-helical 
C-glycopeptide. 

Protein glycosylation plays a decisive role in intercellular 
recognition phenomena such as tumor cell metastasis,' viral 
adhesion and infection: and leukocyte traffi~king.~?' 
Oxygen-linked glycopeptides in particular have been im- 
plicated in the resistance of the proteins to proteolytic 
degradation5 and the introduction of conformational re- 
straints on the peptide backbone! The potential of gly- 
copeptides as therapeutic agents has attracted much at- 
tention in recent years due to reports of dramatic changes 
in the activity, stability, and metabolism of glycosylated 
peptide drugs.7 

The construction of 0-linked glycopeptides by the as- 
sembly of glycosylated amino acids presents a challenge 
to the synthetic chemist due to the sensitivity of the gly- 
cosidic bond to the acidic and basic conditions which are 
used in both solution and solid-phase peptide synthesis.8 
This problem has been addressed by the development of 
new protecting groups and solid-phase supports that can 
be cleaved under mild conditions."l However, 0-linked 
glycopeptides are also subject to both chemical and en- 
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zymatic deglycosylation in vivo, an inherent limitation of 
these materials as potential drugs. 
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