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SYNTHESIS OF fls;- AND Q&-FRIDAAYC~N E 

kbmert kivhn’ and WO&M~ Bdtur 

(Receiwd in Germany 7 October 1987) 

Fridamycin E (1) WJIS ‘k&ted by z?6bIux mid L.?iSar’ bcm murants of a m (Strain TiI 1969); the SmlCNrc 
elucidation wre done by 7.eeck and Kricke? Compound 1 belongc to II 6roup d dosedy related 
fwthcr compoocnu of the mycehm of the produdng strain am the fridamydas A (9, B (3) 
&axidu resembles vincnomych B8 (I) isolated by Omura et aL3 from u m m. Ths, fridamyxin E (1) can 
be qardcd 85 tbt aetymne of the more mmplex &&xzsides 2 - 6. fatcmstingty, 1 brt the biut auivity @t 
6ram pcsitvc batccria. Howcvcr, little is yet known about tbc po~siblc antitumor activity of these compounds 
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by BF,-trutmcnt of the wrrespoodiatg an&ran& dbne&yl ether acuxdiag to a litemtum proccdure.” A straightforward 
way to alkyiate hydroayiated anthraquinoaca is tbrougb the rcactioo of tbc m h~q~on~ with aldehy- 
dM ia aquwus alkaii (Mars&a& reauioo).‘** Eatena&.! use bas been made of this reaction in a&mcycIiaoae syntbcscs 
rtatting from l,&liiydr~9,10-aathrnquiaoru.s.* H-r, in contrast to tba e&awed reactivity of 1,4-dibyciroxy-an- 
tbrabydroquinonca the lcsa reactive mowphenol 7 could not be luaed with -Iu&?&b~lc alipbatic aldehydes. In order to 
study the swpe and limitation of tbc Marschalk reaction of &jdroay-wthrab+oquinones a number of diffuwt 
aldebydes. arcre reacted wirb the hydroquinone of 7 w&r various reauion wnditimu The nsult of thae experiments arc 
sbowo ia Table 1 and demonstrate tbat ateric hindrance ‘does play’ an important but not decisive role. Par instance, piva. 
tic aIdehyde barely reaus at room temperature but steric wageation is overcome at elevsted temperatures. In contrast. 
cnolizabte aldebydes such as acetic or propiwic akiebyde do not react at aU moat lily due to aldol side rtaaioas 
prior to Marxbalk reaction. 

w 1: Manchalk Reaction of aldehydea with 7 
0 OH “__-______-_____c._*_-----.-----------.--- ___-__-_. 

R-CHO Reaction R’-CH(OH)-R R’-CHa-R 
woditions 

R- PC]* ltrf I%1 [%I 

H 2Q6 51 10 
H 90.2 12 61 

20-90,24 i&Q24 
- 

17 8 a 10 11 12 - 
R 1 H t&OH &h CH(OH)Ph Ci+Ph CyCMas Ph 2Q 3 43 14 

Ph m,2 - 60 
Mt.& 9Q 6 3 miatlm 

la a second approach to 1S we made uct of the unusual mild wadit&s of the CIaisen rw of h@roamhraqui- 
aone altyi ethers. This method has bwo introduced by Rutftdge et at.” iato aatbraquino~ chemistly and the requisite 
rearrangement product ltl was burwn from tke work of Baldwin and Rajwka.‘* The olefin 18 was treated with m to 
deavc the double bond and a remarkably a&de ozonide 17 could be isolated aad fully cbaraaerizd. Usual rcductivc 
workup after ozoootysis provided the ketone 16 in 79 96 ovuall j4eld from 7. 

14 

16 - 

The reaction of the ketone f8 with (+n~Jwpbites was studied next. Tbc work of D+ni.hrhhr d al.’ bad sborvll that the 
pre&ence of the free pbenolic hydfoay group is aeaxsary for the reaaion of similar ketoac% with or5aoometauic red- 
8eats. Side reactions owurred with proteaed derivativea. Addition to the quinoae carbon@ sod simple enolization of 
tiu ketone due to the acidic bwzylic protons also took place. In our first eaperimmts poor results wcfc &aiocd from 
theructionof1Swithths~~caolate~m~butyl~~~~~~e~A)Isab~.Haw- 
ever, employing Etbium cycIobuyiisopropyl amide (LXA)~~ and a fourfold exwsa of the rwgwt we =re able to isolate 
67% of the addua l& in addition to 17% of sta&~# material a& 24 6 at - temperatuz. la an attempt for wando- 
rlcctivc~~~wofmmthyla~withlSoadort~aboMdtsaib#imrditiolll~~a2:1mirmre0f 
diasterwmeric producss as ioferred from tbe ‘H-NMR spechum of the uude ma& mntUra. Siaca the saymmetic induo 
tion was very low this approach to wantiomaicaUy puIc fridan+ E (1) as well as the additioa of ddral ndfoxides” 
to 15wasabaudoocd. 
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7 

be prceued prior to any interaction arlth nudeophilcs. Methyhtion of 21 with methyl iodide and sihw oxide gave tbc 
die&y1 clher 24 in only moderate yidd (38 96). 
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For gcacd remarks and instnmwt&m MC ref.“. Elamcntal anaIyscd wsrc performed at the Institut fItr Pbarma~utische 
Cbcmie, Twhnischc Univedtat Bratmschwe& The optiuI rotation wrc measured with a Perkin Elmer Model 241 pobvime- 
tcr. 
l-Hvdroxv-Zhydro~~-~~~-9.10_ (8). A soIn of 5.00 g (19.6 mmol) of phenol6 7 in 300 ml of 
methrnoland400mloflNNaOH~reduadbyadditionofa~53gof~landithionitein1DOmlofwatu(Nz). 
283 g (0.35 mol) of 37% aqueous form&i&~ was added and tbe reaction manitorcd by TLC. After 3 h at 20” the solution 
~~~edinro~SOOmlofwatcrwntliningimtof30%hydraecnp~.Thesdo~~~(lNHCI)andemactcd 
with CH&b. Lus polar produas and sta material were removed by 6Itmtion (CI$CQ through a short column of 
siIica gel. Elution with CH,&$S% MaOH sod cxyst&zation from ether afforded 2.54 g (51%) of 8, mp. X@C. IR: 3260 
cm” (OH), 1670 (quinone), 186 (quimme), I589 (Ar); uv: 225 run (4.57), 253 (434). 274 (4 4.05), 409 (3.96); ‘H-NMR 
(300 MHz) 6 4.05 (s, 3 H, 5 -OCH& 4.83 (d, J -6Hz,2H,I’-H),737(dd,J ~8.OHql.OHz,lH,CH),7.7-782 
(m, 3 H, 3,4,7-H), 8.0 (dd, J - 8.0 e 1.0 Hz, 1 H , L?-w), lZ.87 (s, 1 H , l-OH); ma&s e (m) 284 (M+, lOO%), 
267 (37), 237 (53). Found: C, 67.15; H, 435. CaIc for C,dH,20,+ C 67.LT, H, 435%. 
3_Formvl-l-hvboxv-5-mctboxv-9.1~~~~~ (13). A soln of 1.00 g (35 mmol) of 8 in 200 ml of dry CHz$ was 
stirred at 200 with 10.00 g (116 mmol) of activated MnO, The mixture was fIItered aftu 2 h and carefully washed with 
acetom. Tbc sohnt was rcmovcd j. y& and the r&due w from ether to afford 0.69 g (89%) of 13, rap. 2ti. 
IR 1695 @H-O), 1665 (quinone), 1635 (quinoae) 1583 (Ar); UV 224 nm (4M), 235 (4 4.36), 243 (4 4.34), 410 (3.98); - 
‘H-NMR (300 MHz) 6 4.08 (s, 3 H, S-OCH3), 7.41 (dd, J - 8.0 Hz, 1.0 Hz, 1 H, 6-H), 7.78 (t, J = 8.0 Hz, 1 H, 7-H), 7.85 

(4 J = 8.0 H& 1 H, 4-H), 8.01 (dd, J - 8.0 Hz, 1.0 Hz, 1 H, &H), 8.21 (d, J = 8.0 Hz, 1 H, 3-H), 10.60 (s, 1 H , a-O), 
13.12 (s, 1 H, l-OH); mass spectrum (I@) 282 (hi+, 50%), 268 (M+ - 14, 13), 254 (M+ - CO, 100). Found: C, 68.03; H, 
358. CaIc for Ct&oO+ c. 68.09; y 3.57%. 
~procedurefPL~~Qf~Jdchvdcr~7.AIolaof1.00g(4mmoI)offinl~mlof~and50~ 
of McOH was treated with 3 &ol 1 N NaOH md 25 mmol of sodium dithi&tn (&a~& of colour from red to yeIIow). A sol 
af 40 mm01 of tbc corrr.+onding lldchyde in 20 ml of THP was then added and the reaction monitored by TLC. Reaction tern 
pcratures and times are giwx in Table 1. Ruxidation was &euad by bubbl;ng air through the solution after consumption 
of the starting material. Workup proceeded es dcscribtd for 8 and the products were isoIatcd by column chromatograph& 
I-Hvdroxv-S-melboxv Z ctbvt-9.1&anthr~ (0). Starting material: 200 mg. yield 141 mg of 0 (67%); m.p. 183” (ref. 
Lsso -1860). ‘H-k (G MHz) 6 2.33 (s, 3 H, 2-CIQ, 4.02 (s, 3 H, OCIQ), 7.38 (dd, J - 8 Hz, 1 Hz, 1 H, 6-H), 7.75- 
7.83 (m, 3 H, 3,4,7-H), 7.95 (dd, J - 8 Hz, 1 H& 1 y 8-H), 12.70 (6, 1 H, OH). 
1-HYdroxY-2-hY&0 5 - -m etho?.v-9.l (10). Conditions A: 200 q (0.8 mmol) of 7, 840 mg (4.8 mmol) of 
Na&O,, 848 mg (0.8 ml/8 mmol) of PhCHO; 3 h at Zoo. Yield: 122 mg (43%) Of lo; 37 mg (19 %) of 11. 
m.p. l38”C. IR 3460 cm-’ (OH), 1655 (quinone), 1630 (quinonc), 1583 (AI); UV 227 am (453); 255 (4.39). 272 (~4 4.15), 
414 (3.96); ‘H-NMR (300 MHz) 6 4.05 (s, 3 H, OCIQ, 6.21 (s, 1 H, l’-H), 7.17 - 8.W (m, 10 H, Ar), 1293 (4 1 H, OH); 
mass spccrmm (160”) 360 (I@, 100%), 341 (82), 325 (23), 313 @J), 206 (8), 283 (u), 267 (u), 255 (61), n (53). 
Found: C, 733, H, 4.21. CaIc for &H,,,O,: C, 73.33; H, 4.47%. 
~&nzvl-l-hv&oxv-5-mcthoxv-9.lO-a~aauinon (11). Conditions B: Same as A but renaion maintained for 2 h at w. 
Yield: 152 mg (60%). m.p. l5ZC. IR 1660 an~p(quinono), 1628 (quiwne), I580 (Ar); UV 2I.2 nm (4 4.42), 226 (4.49), 254 
(4.32), 272 (sb. 4X3). 412 (3.82); ‘H-NhtR (300 MHz) 6 4.05 (6, 3 H, OCH.J, 4.l5 (8, 2 H, l’-I-I), 7.20-795 (m, 10 H, Ar- 
H), 12.83 (s, 1 H, OH); mass spectrum (1100) 344 (M+, 64%), 330 (40), 253 (loo), 239 (54), 225 (10). 77 (15). Found: C. 
76.69, H, 5.05. CaIc for C,$,BO,: C, 76.73; H, 4.68%. 
I.Hvboxv-2-(u-dimcthyI-~h~~~ 5 m tbcuv 9.10 a&ma _.c _ _ uinonc (12). Conditions B. 200 mg (0.8 mmol) of 7, 849 
mg (4.8 mmol) of N+S204, and 688 mg (8 mmol) of pivabldehyde; reaction for 6 h at 90”. Yield 8 mg (3%); m.p. 116. IR 
3450 cm-’ (OH), 1670 (quinone), 1620 (quinone), I585 (AI); UV 220 mn (433). 224 (4.34), 253 (4.14), 410 (3.63), 416 
(3.63); ‘H-NMR (300 MHz): 6 0.99 (s, 9 H. t-butyl), 4.06 (s, 3 H, OCH& 4.94 (r, 1 H, l’-H), 7.25 (dd, J - 85 Hz, 1.0 
Hz. 1 H, 6-H), 7.?2 (t. J - 8.5 H& 1 H, 7-H), 7.7l (s, 2 H. 3-H. 4-H), 7.96 (dd, J - 85 Hz, 1.0 HZ 1 H, 8-H), 13.11 
(s, 1 H. OH). Fotmd: C, 70.00, H, 5.8~3. Gdc for cpHp0.g C, 70.37; H, 5.92%. 
M (IT). Sudan 1Il (l-[(phcnylazo)-phenyi]azo-2-naphthaI) (10 mg) wb( added to a soh of 1.00 g (3.2 mmol) of 16 in 
250 ml of C%cl, Ozone was bubbled into the coolad sdn (-780) until the colour chaa& from red to @low. Excess Og 
~remoYcdbyB~tha~oltlvithNTThewhantwummmcd~~rt~and~ruidutcryrtlllizcdhomuhcr 
to afford 0.98 g (87%) d ozanidc 17 as yellow needier m. p. 90“. IR 1665 cm-’ (q&m=), 1620 (qubwnc). l583 (A): 
UV 226 run (4.58). 254 (4.38). 280 (4 4.04), 413 (4.01); m-NMR (300 MHz) 6 1.49 (s, 3 H, S’-CHs), 3.19/338 (AB, J - 
14 Hz, 2 H, l’-UQ, 4.06 (s, 3 H, 5-OCrg), 5.09 (AI3, J - 14 H& 2 H, 4’-CI+& 738 &dd, J - 8.5 Hz, 1.0 Hz l H, 6-H), 
7.76 (m, 3 H, 3,4,7-H), 8.0 (dd, J = 8.5 Hz, 1.0 Hz, 1 H, &IQ 1293 (s, 1 Ii, l-OH); ’ C-NMR (100 MHz) 6 21.90 (C-3’), 
36.08 (C-l’), 56.60 (5.OcH3), 94.03 (CA’). 109.30 (C-2’), lI5.20 (C-U), 118_50 (Cd)), llE.74 (C-7). 121.57 (C-U), 
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13034 (C-U), 133.90 (G2h x351)1 (C-4). US.44 (G14), l39.50 (C-3). 16053 (Cl), 188.8 (G9clIl); lllly qsuJum 
(110’) 269 (100%); 253 (93), 239 (21), 225 (14), 209 (8). pamd: C 64m, H, 451. Cak b C,,,H& C, 64M; H, 
4.53%. 

. (15).r)~K&I&M&pf~17.ozmo@i8wupmfwnKdas 
duaibcdforI7wititbc~~(lM)g)dnutiDgmat~allh15ml(02~d~dowrrddbdmd 
thcrolutianansrtkred~rdditionrtPha200.Thccohcnlvarmmovcdinc~thenridwP~s 
sbortcolumnofSififl8d(C~CIC)toaBad840~(9646)ofl5upIlowpLtes(etbtr/petmlstkr),mp~.~o 
(ref (21 l@). IR 1717 axi’ (C-0). 1668 (qniwc), 1635 (quinone), I585 (Ar); UV 225 nm (4.40). 254 (4.20), 278 (sh$ 
3.86). 412 (3.80); ‘H-NMR (w boil) 6 2.30 (s, 3 Y T-CIQ, 3.84 (5 2 H, l’-CH& 4.05 (& 3 H, 5-OCH& 735 (dd, J - 
85 Hz, LO Hz, 1 H, bH), 7.49 (d, J = 85 Hz, 1 H, 3-H), 7.71 (d, J = 8.5 m 1 H, 4-H), 7.74 (I, J - 85 Hz, 1 H, 7- 
IQ 7.95 (dd, J - 85 Hz, LO Hz, 1 H, e-H)), 1275 (s, 1 H, l-OH’); ‘+XMR (XI0 MHz) 6 29.85 (M’), 4432 (C-l’), 56.54 
(S-O&), 115.25 (GU), 118.67 (ca), 119.01 (G7), 119.44 (Cs), 121.47 (C-11), 12951 (ClZ), l34.01 (G2). KM.0 (C- 
4), 135.25 (C-14), w.28 (C-3), 15988 (C-5), l6051 (C-l), 18132 (C-10), l88.70 (C-9), 204.68 (C-2’); ma6s spcunlm 
(1100) 310 (M+; 71%), 295 (?a), 282 (26). 268 (M+ . C&O; lOO), 253 (85). Found: C, 69.82; H, 4.45. C&z for C,sH,,O,: 
C, 69.67; H, 4.55%. 
b)~rcactionpf~~~.ArohrofYX)~(18mmol)of13in50mtdCH,Q,wartreatcdwithLOmlda 
solution (0.1 molar) of d&nm&8~ io c&r. The solpcnt was moved i s and the maiduc sopanwd by cohrmn 
chromatography on silica gel (CH&j to aEord w) mg (45%) of IS boom the poIar fraction. 

Hvdroxv-Sotub~2-acctvi- 9.10- 
(1;4) 

v (14). From the las polar frauion d the chr -by m me (19%) of 
was isolated; m. p. 2100. IR 1670 ao’ (C-O, quinmc), 1630 (qnioone), 1587 (Ar); UV 234 om (4.39). 282 (ab, 3&3). 

409 (3.83). ‘H-NMR 6 2.77 (s, 3 I-i, 2’- CH& 4.OB (s, 3 H, 5-OCHJ), 7.41 (dd, J - 8.0 Hz, LO Hz, I H, 6-H). 7.78 (1. J 
= 8.0 Hz, 1 H, 7-H). 781 (d, J = 8.0 ?Iz, 1 H, 9H), 8.02 (dd, J - 8.0 Hz, LO Hz, 1 H, 8-H), 8.19 (d, J = 8.0 Hz., 1 Ii, 
3-H). U.52 (5 1 H. l-OH); maY qxurom (lss) 296@+, ltX%), 281 (hP - 1s. 84), 263 (11). 254 (33), 236 (11). 225 
(22). Found: C. 68.65: H. 4.15. Calc for C.,H.&X).: C 68.92: H. 4DB%. 

I, 4s 0 _ . ., 

iRi-l-Hvdrmv-2-12-b6bw-2-me4b*14pEqlpgpn (18). Accadiq to rhc. peral pmcedw for the 
Msmchalk rudion 100 (0.4 mmoI) 6f 7,420 q (24 mmol) of N&O, and 800 mg (4 mmoI) of IactoI 2016 at 90“ for 24 b 
to afford 12 mg (10%) of a-18 m.p. 72”. [alo- -2.4’ (c 0.2, chlorofarm); IJt 3450 cm-’ (OH), 1660 (qoinooc), 1628 (qui- 
none), 1580 (Ar); UV 225 nm (439). 254 (4.23). 282 (4 3.93), 416 
(d. J = 7.4 i-4 2 H. 3’-H), 246 (4 1 H, &I); 29M:tB (AB; J 

(3.S); ‘H-M (300 MHz) b 1.20 (L. 3 H, -CM,), 233 
- 13.6 ii?, 2 Ii, I’-$, 41)6 (; 3 I+, O&3). 5.18 (d;, J = 

16 Hz, 2 H. 5’.H), 5.97 (mc. J = 16 Hz, 2.2 Hz, 7.4 Hz, 13 Hz. 4’-H), 7.37 (dd, J = 85 Hz, 1 Hz, 1 H, 6-H). 7.59 (d, J = 
8.5 Hz, 1 H, 3-H). 7.73 (t. J = 8.5 Hz, 1 H, 7-H), 7.76 (d, J = 85 Hz, 1 Ii, 4-H). 7.99 (dd, J = 85 Hz, 1 Hz, 1 I-i, g-H), 
KS.10 (s, 1 H, OH). Found: C, 7133; H, 5.68. (Llc for cp11$+,06: C, 7Ls8; H, 5.73%. 
raol-Hvdroxv-2-12-hvb~2-~~4~~l~M~ (L4kl8). A sda of aIlyImagu&m bromide, prepared 
from 1.0 ml (11.4 ounol) of aOyIbromide md 280 mg (11.6 mmol) of mum in 30 ml of dry c&r was added to a solo of 
MO mg (0.66 mmol) of 16 in 20 ml of dry THF. The IobmKc was qocncbed with 30 ml of a saturated sobl of ammonium - 
chloride after 2 h. Usual workup and chromatography oo silica gel afforded 50 mg (44%) of ~18 u ao oil; for data see 
18. 
tcrt-ButvI 2-i9.10-Dibvdrbl-hvdr~-~9~~~~M~~-~h~~-~~ m (IIE-lol). A solo of 
lithium isopmpylcydobucyl amide was pcpvcd from 153 ml of isopropylcyclohcxyi amioc sod 4 ml of Bti (1.6 molar) at 
6. The eSter enolate of tcrt-butyl aodltc WM prepared by beatmoot of 330 mg (2.84 mmol) of the acetate in 30 ml of 
dry TW for 0.5 h at -78“ with LiICA. A soln of 200 x118 (0.65 mmol) of ketone 16 in 20 ml of THF was added and the soln 
stirred for 24 h. The rexxion minurc ~dilotadwith200mlof~uPnda~vitha~u6daoucoursolnof 
ammonium chhidc. Usual workup sod TLC ~tion tided MO-tog-(65%) of mlol; m.p. 8@‘. IR &O cm” (OH), 1735 
(CO). 1670 (quioone), 1635 (quioonc), 1590 (Ar); UV 226 am (4.54). 254 (435), 280 (sb, 3.97). 416 (3.97); ‘H-NMR (400 
MHz) 6 1.28 (4 3H, 2’.CH& 1.48 (I, 9 H. C(CH& 246 (s, 2 H, 3’-H), 294/3.@2 (AB, J - 13.4 Hz, 2 H, l’-H), 4.05 
(s, 3 H, 5-OCH.$, 4.14 @road s, 2’.OH), 737 (dd, J - 8.0 Hz, J = L5 Hz, 1 H, 6-H), 7.69 (t, J = 8.0 Hq 1 H, 7-H), 
7.73 (d, J = 8.0 H& 1 H, 3- or 4-H). 7.74 (d, J - 8.0 Hz. 1 H. 3- or 4-H). 7.98 (dd, J = 8.0 Hz J = 1.3 Hz 1 H. 8-H). 
12.95 (4 1 H, 1-w; w SPM& (lls)~353 (lo%), 269 (22), 268 (lOOj,~ 253 (is).- Found: C, &s3; H, 6.24..CsIc.for ’ 
C,,I&,O,: C, 67.W H. 6.L5%. 

described for IS. After complelioo of the ozonolysis 1 ml of a lO% solo of hydm8m per&& was added a<-78“. The 
mixwre was slowlv -cd to room temocratore. Atier usual workuo I solo of the orodud in CHXL wss treated with 5 ml 
of B 0.1 molar soin of diazomcthsne in cthu for 5 min. The solw.nt’wss removed brx md the r&&e was purified by 
TLC to &ford 20 mg (37%) of wl@b m.p. l3G’. IR 3510 an” (OH), 17’20 iC-0). 1670 faoinoncl. 1630 lauinonc). 1587 
(Ar); UV 227 om (43). 255 (437), 283 @J9), 416 (4.00); ‘H-ti (ti MH;) 6 121 (s, 3‘ti, 2’-CI$, 2.5; is, 2 H;.3’- 
H), 3.Ov3.05 (AB, J = 
6-H), 7.66 (d, J = 

l3.4 Hz, 2 Y l’-H), 3.72 (s, 3 H, OCH& 4.M (s, 3 H, OCfQ, 737 (dd, J = 8.3 Hz, LO Hz, 1 H, 
8.3 Hz, 1 H, 3-H), 7.72 (t, J = 8.3 HI, 1 H, 7-H), 7.76 (d, J - 8.3 Hz, 1 H, 4-H), 7.98 (dd, J = 8.3 

Hz, 1.0 Hz, 1 H, 8-H), l3.0 (s, 1 H, OH); msss spectrum (ILW’) 268 (lOO), 253 (54), 239 (6). 225 (S), 117 (14). Found: C, 
65.64; H, 4.96. CaIc for G,H&: C, 65& H, Sa%. 
fi1-Fridamti E &&(I). A solo of 20 m8 (0.05 mmol) of s;et-19b in 5 ml of CH$& wtu treated at -780 with 0.3 ml 
(0.3 mmol) of boron trichloride for 30 min. The mixture was poured into II dil. soln of sod& bydrogcn wbonatc, 
acidified with HCI, cxtraacd with CH& and dried OYCT N+O,. Cxystslliutioa of the rtidoc afforded I5 mg (81%) of 
a-lab, m.p. 1680, [alo = -11’ (c Idi-); fR 1705 cm-’ (COOH), 1627 (quinooe), l590 (Ar); UV 228 nm (450), 256 
(4.4), 280 (3&Q 290 (3.9), 431 (3.98); ‘H-NMR (300 MHz, DMSO_dd 6 118 (s, 3 H, 2’-CHs), 239 (s, 2 H, 3’-CHz), 
2.IW3.08 (AB, J = l3 HZ, 2 H, l’-H), 7.4 - 7.81 (m, 5 H, Ar-H); mass spcurum (1280) 255 (17%). 254 (IOO), 253 (S), 237 
(4). 225 (6), 197 (5)). IO3 (6). Found: C, 64.07; H, 453. Cslc for C,&,& c; 64.04; H, 4.53%. 
ras_Fridsmvcin e h-1). A soln of 100 q of s-lab was treated with = sotn of I.5 ml of 1 N BCls ss dcwxibed above 
to sfford 80 mg (87%) of m-1. 
15-Di~cthow-2-12-mct2~ (23). A solo of 200 6 (65 mmol) of 15 in XXI ml of dry CH,Cl, 
was stirred for 18 h with 15 I( 165 mmol) of silvcrmoxidc and 9.2 I( (4.05 ml 65 mm011 of mcthvl iodide. The mixturn 
WM filtered. washed with CH;Q? and tde sotvent &s remwcd i. &‘to s&d 189 g’(%%) of-23, m.p. 93O. IR 1660 cm-’ 

(qtiooc), L595 I 1585 (Ar); UV 220 nm (4.46), 258 (440, 387 (3.88); ‘H-NMR (400 MHz) 6 1.73 (& 3 ,H. T-CH3), 3.46 
(I, 2 H, l’-f-0, 3.88 (s, 3 H, OCH3), 402 (s, 3 H, OCHS), 4.65 (broad s, 1 H, 3’-H). 494 (broad s, 1 H. 3’-H), 7.29 (dd, 
J - 85 Hz, 13 H& 1 H, GH), 7.59 (d, J = 85 Hz, 1 H, S-H), 7.71 (t, J -8JHz,lH,7-H),7SO(dd,J =8SHz,13 
Hz, 1 Y &H), 8.03 (4 J - 85 Hz, 1 Y 4-H); MU spcc~nrm (LX”) 322 (M+, 60%), 3U7 (M+-15, 100). 291 (%). 277 (u)), 
267 (22). Found: C, 74.47; H, 5.60. Calc for C&i,sO,: c. 7451; H, 5.63%. 
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2-(9.~O-Dhh-l-k~9.lo-dk~0&~ (21). ~-c%lombeazoii arjd (2.8 g (I 
~ol)~~t0ardnof200g(65~)d!6inUYIntlof~~~mdthclol.auttirrutfor3hTbe 
~~~~adihtred~~otN~COJudr&srunul~~p~~~~ythio~ashortcalumnof 
cika eel to aff0rd I.80 g (86%) 0f 21 OcJbw &o& BLp. tsp. IR 16?2 ml-’ {CC-O), l630 (quirKme)* I590 (Ar); Uv 
2.26 nm (457)~ 2.54 (4.86). 281(& 399), 400 (3.96), 413 (3.98), 430 (a, 3.88); H-NMR (4Ol MHz) 6 1.36 (I, 3 H, 2’- 
CH$,263(AB,J -4J3HzlY3’-H),269(AB,J - 4.8 Hz, 19 Y-H), 3.05 (AB, J - 14 Hz, 2 H, V-H), 4.05 (4 3 H, 
ocH3). 736 (dd, J - 8.5 JQ 1 Hz, 1 Y HI), 7.61 (4 J - 85 Hz, 1 H, 3-f.f). 7.74 (1, J - 85 Hz, 1 y 7-H). 7.75 (d, J 

e~de81.in200mlofTHFwu~cdwitb4mlaflNNaOH~~rroomtMp.Thtmixhln~acidifibdwithH~ 
~~~~~~~dtht~lvmtenporrt#lj~~mfronetherdlanledQ%g(%%) 0fam.p. 
m. IR 3490 an* (OH), 161(yt650 (qrinone); UV 226 nm (4.42). 2.54 (4.17), 272 (4 3.94). 4.0~5 (3.79); ‘H-NT&R (400 
~)8J56(&3~?-Cfi&2%(dJ = 165Hz,1H,4&),338(4J - 165Hz,lH,4,-H),3.m(d,J = I3.5Hr.l 
& h_H), 3.98 (d, J - X3.5 I-4 1 H, 2,-H), 4a3 (8.3 H, OCH& 7.27 (dd, J - 85 Hz, 1.0 Hz, lH, 8-H). 7.49 (d, J = 
85 Hz, 1 H. ?-H), 7.66 (t, J - S.!i Hz, 1 H, 9-H), 7.80 (d, J -85H~,lH,bH),7.&?(d&J -85Hz,lHz,lH,lO. 
H); mbff vect+um (2-w 324 (M+, 50%), 306 (9). 293 (loo), 278 (L5). Foul& c 7050; y 4.80. c& for c,trH,eos: c 
7036: H. 4.97%. 

~~~~ec-~~obcnmica~~~~o&Thcvolumcdths~wrrsrui~~~to1O~~d~ 
Prdure vfas rewatd. Cyrta8i?atinu irom tthu afforded 708 mg (67% of 24, lap. uoo. IFt 1675 cm-’ (quinoue), 
~~~ (Ark w 2215 t+m (4561,254 (4.32)). m (& 4.11). 409 (3.9393); i 

(AB, J - 6 H& 2 H, 3’-H), 3.O3/3.10 (AB, J 
H-NMR (480 MHz) 6 1.34 (s, 3 H, 2’-CH& 264 

- 14.2 H4 2 H, I’-H), 3.87 (s, 3 Y OC.&), 4.05 (a, 3 Ii, OCIQ, 730 (dd, J 
-85 Hz, 1 Hz, 1 Y Os7.70 (4 J - 8.5 & 1 H, 3-H), 7.72 (t, J - 85 J& 1 Ii, 7-H). 7.91 (dd, J = 85 Hz., 1 Hz, 1 
Y 8-H), 8.04 (6 J - 85 Hq 1 Y 4-W; - v (1600) 338 @+-I, a%), m (ui), 308 (m), m (a), m (n). 
Found: c, 7021: w 5.49. cak for cp~,~o~: c, 70.78, H. 5.44%. 
~carraaffmcnl nf (24). A d Of LOO 8 (3.1 mmol) in loo mI of CH&& W@ h&d with 1.85 g (6.3 mm0I) of MCPBA (95 
without coow me produdi Wur: k0latcd by pnpantive TLC (Silki & CH$l$ 96 ether) atIer 3 h of red&on time 
at 200. The fraetbs were cluated with decrwbg p0krity. 

-100~ Fmuiou 1; 2-6,1~DIhvdro-1~9.~~~~~~.~~~~ _ . . 

%I, mp. l@. fR 1705 cm“ (C=O), 1670 (quillone), lswsm (Ar); w 226 
J& (28). Yuld: 428 mg (39 

(3.91); ‘H-NMR (300 MHz) 6 121 (d, J 
0m (451), 254 (4.33), 278 (Sk 4.00), 414 

-6gHz,3H,CH3),286(m,lYZH),293(q,J -7.4Hz,lH,3-H),3.14(q,J 
a 7.4 H& 1 H. 3-H). 3.93 (4 3 Y OCH& 4.04 (a, 3 H, OCH& 7.29 (dd, J - 8.4 Hz, 1 Hz, 1 H, B-H), 759 (4 J = 8.4 
f’k 1 Y 3*-H), 7.x) (t, J - 8.4 & 1 Y f-H), 7.89 (dd, J - 8.4 Hz, 1 Hq 1 H, 8-H). 8.01 (4 J - 8.4 Hz, 1 H, 4’-H). 
Found: c. 67.11; H, 5.08. C&c. fm C&,eOe: C, 67.p, H, 5.12%. 
Fraction 2: ~-~ihvb0-LS-dimc~~-9.1~~~~-2-~~~~o~e (29). Yaeld: 18 mg (2%), m.p. 161°. IR 
1670 (quhone), 158Ms70 (Ar); ‘H-NMR (300 MHz) 6 1.33 (4 J - 63 Hz, 3 H. CIQ. 3.0) (AB, J - 6.5 Hz, 2 H, 1.H). 3. 
b, 3 H, OcH3). 4.M (s, 3 Y OCW, 534 (me, 1 H, tH), 7.29 (dd, J - 85 Hz, 1 Hz, 1 H, 6’-I-f), 7.60 (d, J = 8.5 Hz, 1 

H, 3’-I-f), 7.73 (t, J - 85 Hz, 1 H, T-H), 7.90 (da, J -~~Hz,~Hz,~~-H),791(r,1~fonnrt~~,8.05(4J = 
85 H+ 1 y 4-H). Found: c, 66m; 9 5.88. cdl0 f0r c&,so*: c, 67.q H, 5.1296. 
pre& 1; ~&f~~-9.ltku&& * (27). Yiidz 48 mg (5%). rep. loso. LR IRD cm-’ (C-O). 
1678 (quimme); W Z?l nm (4.43), 7.58 (4.62). 373 (3.86). 390 (3.9, 341 @86), 420 (332); ‘H-NM.R (400 m) 6 -7 
(s, 3 H, 3’-CHS), 3.87 (s, 2 H, II-H), 388 (s,3 H, OCH3),4.05 (4 3 9 OCJQ, 731 (dq J = 8.5 H.G 1 Hz, 1 Y 6-W. 
755 (4 J - 8.5 Hz, 1 H, 3-H), 7.72 (t, J - 85 Hz, 1 H. 7-H), 7.90 (dd, J - 85 Hz, 1 Hq 1 H, 8-H), 8.[a (d, J = 85 
H& 1 y 4-H); MS (loo “) 325 (M+ +& 4%), 37A CM+, l8), 294 (18). 292 (M), 282 (44), 267 (loo). Fol+ad: c m.oo; H, 
5.~ talc for c,$,e4: c, 70x K 4.97%. 

ZAcaprymtttnl l.S-dmteth0w9. Fradiop & * - 1~~ (SO). YicM 88 mg (8%), mp. use; fR 17% cm“ (au 
c=O), 1670 (q&none), 159Qlm5 (AI); W 225 mu (4,42), 2!i7 (azrt), 270 (4 3.94), 392 (3.67); ‘H-NMR (380 -1 6 2.16 
(s, 3 y ocOcH$, 3.98 (4 3 H, OCH& 4.05 (s, 3 H, OCH& 530 (s, 2 H, f-H), 7.31 (dd, J - 75 HZ 1.0 ml Y6-H), 
7.72 (t. J - 75 Hz, 1 H, 7-H), 7.77 (4 J - 80 Hz, 1 H, 3-H). 799 (dd, J = 75 Hz, 1 H& 1 H, 8-H), 8.10 (4 J - 8.0 
Hz, 1 H. 4-H). F0urid: C, 66.68; H, 4.74. Cak for C+&t,eO& C, 67.a H, 4.74%. 
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