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Chromium [ll}-Mediated Reductive Cleavage of a Tertiary Halide
Bearing Three f-alkoxy Groups. Synthesis of the North Hexacyclic
Steroid Unit of the Cephalostatin Family.!
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Abstract:. Transtormation of aldehyde 4 to 17nat, a hexacyclic steroid bearing the requisite
tunctionality and spiroketal stereochemistry of the North portion of the cephalostatin tamily is
described. The key reaction involves CrCl, mediated reductive cleavage of a tertiary
bromide which is beta to three alkoxy groups.

Cephalostatin 7 (1)2 is a potent member of a family of sixteen trisdecacyclic
pyrazines, principally characterized by the Pettit group at Arizona State. Many of these
materials are highly active (109-10-10 M) in a substantial proportion of the 60 in Vitro cancer
screens of the NCI.3 We have recently provided a multi-gram synthesis of aldehyde 4 from
hecogenin acetate 5.1 Additionally, we have effected conversion of the "North" 5/5 ring
spiroketal to the "South” 6/5 ring spiroketal in model systems.4 Since Heathcock and SmithS
have provided a method for synthesis of unsymmetrical pyrazines from 3-ketosteroids,
construction of 1 from intermediates 2 and 3 can be envisaged. As the "North" spiroketal
moiety is present in 15 of the 16 cephalostatins, a logical approach to these targets involves
aldehyde 4 as a common intermediate.
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Scheme 1 North
Me, %2

South

MeOH 1 Cephalostatin 7 2 X=OH; Y=H (for North) 4 5 Hecogenin Acetate
Me 3 X=H; Y«OH (for South)

Various procedures for addition of methallylstannane to aldehyde 4 are summarized
in Table 1. The more polar major adduct 2 was hydrolyzed to the C3,12,17,23 tetraol 6 (not
shown) and the C23 stereochemistry was secured by X-ray crystallography.6 The best
methallyl stannane reaction invoived using 5.0 M LiCiO4 which provided a 1.3:1 mixture of 2

and 3 in near-quantitative yield. Since the unnatural epimer 3 serves as progenitor of the
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South portion of Cephalostatin 7 via deoxygenation, the readily separable mixture of
alcohols 2 and 3 is perfectly acceptable at this juncture.

Table 1
Entry Reagents Conditions Yield (ratio 2:3
1 Methallyl Stannane | BF3Etp08,CHpClp,-78°C, 1h 80% (1.6:1.0)2
2 Methallyl Stannane | 5.0 M LiCIO4,7 Ether, 25°C, 1h >95% (1.3:1.0)
3 (-)}-IPcoB-Methallyi® | THF, -78°, 1h 69% (1.7:1.0)b
4 Methallyl Stannane | (-)-Binapthol, Ti{O-iPr)4, MS,CH2Cl2 No reaction9-¢
5 Methallyl Stannane | (+)-Binapthol, Ti(O-iPr)4, MS, CH2Cl2 | No reaction®

(a) For large scale reactions the yields dropped below 50% due to the acid labiity of the
starting material; (b) The C3-acetate was also cleaved during the work-up; {c) Even at higher
temperatures (25°C), no reaction was observed after 2 days.

Since an osmylation model study4a (Table 2, entry 1) with C17 deoxy, C14,15 dihydro
olefin 7 required the use of symchiral Corey addend 819 to provide reasonable
diastereoselection, we first examined reaction of alcohol 2 using these conditions. While
neither this reaction nor the Sharpless AD procedure?? is acceptable for alcohol 2 (Table 2,
entries 2-4), use of ligand 8 provides a usable 4:1 ratio of inseparable diols 125/12R when
the reaction is conducted on t-butyldiphenylsilyl ether 11.

Scheme 2 Pn (C25 nat)
Ph H Me
Ve Y\ NH— H,c-—{'_’}-
Me H,C— NH Ve

OR 1) Os0Q,4,symchiral addend
2) NaHSO3 THF-H,0,

Me, CHOH
S

reflux, 11 h
7 Z=H; R=TBODPS, 14,15 dihydro 9S Z=H; R=TBDPS, 14,15 dihydro  9R Z=H; R«TBDPS, 14,15 dihydro
2Z-0OTMS; RaH, A™ 10S Z=OTMS; R=H, A'* 10R 2=OTMS; R=H, &'*
11 2-OTMS; R=TBDPS, A" 125 2=0TMS; R=TBDPS, A™* 12R Z=OTMS; R=TBDPS, o'
Table 2
Subsirate "‘Conditions Yield (%) Hafio T2o navepi )
7 5,5)-8, -100°C, 0.5h 8% SR BT
2 5,5)-8,-85°C, Th B5%  |10S/10R 21 |
2 Sharpless AD-mix-a, 25°C, ~25% conv. | T0S/T0H 21 ]
2 oharpless AD-mix-p, £ . ~25% conv. /TOR 1.4
1 Charpless AD-mix-a, 25°C, 24h ~30% conv. 12
11 (5.5)-8. -95°C, Th 5% T25/12R L8]

PPTs-catalyzed spiroketa! formation was investigated using the inseparable mixtures
of diols 10S/10R and 12S/12R. Conditions which served to successfully cyclize 954
served to only return starting material, while forcing conditions generated a plethora of



undesired products, possibly via intervention of Ferrier-type processes.’2 While reaction of
diols 12S/12R with a variety of acids was totally unrewarding, NBS-mediated
spirocyclization? afforded the C20 brominated 5/5 spiroketal 13S (77%) along with
diastereomer 13R (15%) which resulted from cyclization of the minor diol 12R. The structure
of 13S was confirmed by X-ray after hydrolysis of the C3 acetate (Scheme 3).

Scheme3 Me CH,OH

LwH
OTBDPS NBS, THF
; V0TMS 0°C
12S/12R (4:1) 13S R = TMS, 77%

14S R=H

138
145

15nat R = TMS 15epi R = TMS 16
1nat Re H 17epiR= H
Debromination of 13§ to 15 was initially attempted using the Ph;SnH protocol

employed in the C17 deoxy, C14,15 dihydro model series.? Unfortunately, only complex
mixtures were isolated without any sign of the desired product. Presumably, the presence of
the bulky TMS ether group at C17 hinders the quench of the radical formed as well as
providing an additional site for radical fragmentation.1® Inspired by the classic Chromium[ll}-
mediated halohydrin reductions described by Barton,4 bromide 13S was treated with
excess Cr(OAc), in the presence of a thiol (Table 3, entry 1). While the reaction was
unacceptably slow, reduction product 15epi was isolated in 30% yield in addition to
recovered starting material {(ca. 60%). The reactivity of Cr(OAc), was greatly improved by
adding ethylenediamine;'5 however the product was olefin 16 (entry 2). Attempts involving
CrCl, were initially disappointing as no reaction occurred (entry 3). Finally, it was noted that
reduction proceeded smoothly (80%) provided that a large excess of thiol was emploved
(entry 4). These observations indicated that the thiol might act not only as a hydrogen atom
donor but also as a ligand, thereby enhancing the reducing power of chromium[ll. The 1H
NMR spectra of the products revealed a 7:1 ratio of 15epi and 15nat respectively. The
stereochemistry of 15epi was proven by X-ray after desi!ylation.6 Repeating the reaction
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using the more sterically-demanding hydrogen atom donors was not satisfactory (entries 5.6).
The solution to obtaining the correct C20 stereochemistry was found to involve conducting
the debromination on C17 alcohol 14S (94% from 13S via H,SiFg'® cleavage); which
provided a 3.6:1 ratio of 17nat and 17epi in 87% overall yield (entry 7).

Table 3
Entry Reagents and H donor? Temp | fime Hesulls
T | 195 + 20 €q. Cr{OAC)p; 80 €q. n-pr 18epl (ca. 3o ]
2 135 + 4 eq. Cr(OAc),; 40 eq EDb | 25°C | Smin. |16 (99%)
~3 |13S + 4 6q. CiCly; 10 eq. n-PrSH ~ 250 24h No reaction
135 + 4 eq. CiClo; B0 eq. n-ProH 25°C | 5h 15epl (70%) + 15nat (10%) |
— 5 | 135 +4deq. CiClp; 10 €q. PhgSnH | 25°C | mhin. msrmmrmﬁ
— 6 [135+5eq CriClp;, 100 eq. FBuSH | 25°C Bh |16 (50%) + 15epl (5%) |
717857565 CCl 10065 FiSH |~ 25°C |30 n [ T7epT (To%) + T7nal (58%) |

(a) DMSO was degassed by Ar which was pretreated with basic pyrogallo! solution;, (b) ED = ethylenediamine.

Acknowledgment. We thank the National Institutes of Health (CA 60548) for support of this work. Special
thanks are due to Mr. Lawrence Knox and Mr. Lei Jiang for preparation of advanced synthetic intermediates. We
are grateful to Arlene Rothwell for MS data.

REFERENCES AND NOTES

1Cepha!oslatin Chemistry 5. For paper 4 see Kim, S.; Fuchs, P. L. Tetrahedron Lett. 1994, 35, 7163.

2 Petlit, G. R.; Xu, J.-P.; Ichihara, Y.; Williams, M. D.; Boyd, M. R. Can. J. Chem 1994, 72, 2260 and references
cited therein. An additionai member of this family, Riterazine A, has also been isolated, see: Fukuzawa, S.;
Matsunaga, S.; Fusetani, N. J. Org. Chem. 1994, 59, 6164.

3 Pettit, G. R.; Kamano, Y.; Inoue, M.; Dufresng, C.; Boyd, M. R.; Herald, C. L.; Schmidt, J. M.; Doubek, D. L.;
Christie, N. D. J. Org. Chem. 1992, 57, 429.

4(a) Jeong, J. U.; Fuchs, P. L. J Am. Chem. Soc. 1994, 116, 773. (b) Jeong, J. U.; Fuchs, P. L.
Tetrahedron Letl. 1994, 35, 5385.

5(a) Heathcock, C. H.; Smith, S. C. J. Org. Chem. 1994, 59, 6828. For additional syntheses of cephalostatin-
related pyrazines, see: (b) Pan, Y.; Merriman, R. L.; Tanzer, L. R.; Fuchs, P. L. Bioorganic & Medicinal Chem.
Letters 1992, 967; (c) Kramer, A.; Ullmann, U.; Winterfeldt, E. J. Chem. Soc., Perkin Trans. 1 1993, 2865.

6)(-ray structural information relating to compounds 6, 13-S C3 alcohol, and 15epi can be obtained from the
Cambridge Crystallographic Data Centre.

7Henry, Jr. K. J.; Grieco, P. A.; Jagoe, C. T. Tetrahedron Lett. 1992, 33, 1817.

8(a) Racherla, U. S.; Liao, Y.; Brown, H. C. J. Org. Chem. 1992, 57. 6614; (b) Jadhav, P. K.; Bhat, K. S.;
Perumal, P. T.; Brown, H. C. J. Org. Chem. 1986, 51, 432; (c) Brown, H. C.; Jadhav, P. K.; Perumal, P. T.
Tetrahedron Lett. 1984, 25, 5111.

S(a) Keck, G. E.; Tarbet, K. H.; Geraci, L. S. J. Am. Chem. Soc. 1993, 115,8467; (b) Costa, A. L.; Piazza,
M. G.; Tagtiavini, E.; Trombini, C.; Umani-Ronchi, A. J. Am. Chem. Soc. 1993, 115, 7001.

10Corey, E. J.; Jardine, P. D.; Virgil, S.; Yuen, P. W.; Connell, R. D. J. Am. Chem. Soc. 1989, 111, 9243.
11gharpless, K. B.; Amberg, W.; Bennani, Y. L.; Crispino, G. A.; Harlung, J.; Jeong, K. -S.; Kwong, H. -L;
Morikawa, K.; Wang, Z, -M.; Xu, D.; Zhang, X. -L. J. Org. Chem. 1992, 57, 2768

12ireland, R. E.; Meissner, R. S.; Rizzacasa, M. A. J. Am. Chem. Soc. 1993, 115, 7166.

13Barton, D. H. R.; McCombie, S. W. J. Chem. Soc., Perkin| 1975, 1574.

14Baron, D. H. R.; Basu, N. K.; Hesse, R. H.; Morehouse, F. S.; Pechet, M. M. J. Am. Chem. Soc.
1966, 88, 3016; (b) Hanson, J. R. Synthesis 1974, 1.

15Kochi, J. K.; Mocadlo, P. E. J Am. Chem. Soc. 1966, 88, 4094.
16 pilcher, A.S.: Hill, D. K.; Shimshock, S. J.; Waltermire, R. E.; DeShong, P. J. Org. Chem. 1992, 57,2492,

(Received in USA 24 January 1995; accepted 10 February 1995)



