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Some a-halo ketones react  w i t h  2-naphthol i n  the presence o f  s t rong acids 

t o  g i ve  naphthol2, I -b l furans. A h y d r o x y a i l y l i c  ca t i on  may be an intermed- 

i a t e  i n  the react ion .  

I n  the  course of s tudy ing the a -  a '  rearrangement o f  a-halo ketones i n  acid,  we have encoun- 

t e red  a new furan-forming reac t i on .  When a number o f  a -ch loro  and a-bromo ketones were t reated a t  

room temperature w i t h  s t rong ac id  i n  the  presence o f  2-naphthol ( intended as a t r a p  f o r  c a t i o n i c  

halogen species), naphthofurans were produced. The o v e r a l l  r eac t i on  i s  r e l a t e d  t o  some other f u r -  

an preparat ions,  fo r  example the  Feist-Benary synthesis which employs a-halo ketones i n  a -- 

catalyzed reac t i on  w i t h  B-dicarbonyl compounds.2 A c lose r  comparison i s  the  reac t i on  o f  2-naphthol 

w i t h  2-chlorocyclohexanone i n  the  presence of K2C03 t o  y i e l d  t h e  furan p r e c u r s o r A  .3  However, 

we have n o t  found previous mention of an acid-catalyzed process. 
4 - 7  

The reac t i on  i s  no t  s t rong l y  so lvent  dependent s ince i t  occurs i n  chloroform as we l l  as ace t i c  

acid.  The a-halogen may be e i t h e r  ch lo r i ne  o r  bromine, and the s t rong ac id  may be HC1, HBr, or 

HC104. The u l t r a v i o l e t  spectra o f  the  products were c l e a r l y  c h a r a c t e r i s t i c  of naphtho[2,1-blfur- 

am, *  and the re fo re  C-C bond f o m t i o n  had taken p lace a t  the I -naphthy l  pos i t i on .  However, the  

reac t i on  i s  no t  reg iospec i f i c  i n  t h a t  more than one naphtho[2,1-blfuran can r e s u l t .  The best 

s tud ied example i s  t h a t  of t h e  a-halo-1-phenylbutan-2-ones. The same two naphtho[2,1-blfurans 

were formed from a l l  f o u r  o f  the  a-ch loro  and a -b rmo  isaners  1, 3, 4 and 5 ,  whether the ac id  was 

HC1, HBr, o r  HC104. 

The predominant product was 1-methyl-2-benrylnaphtho[2,1-blfuran 5. The methyl subs t i t uen t  

on the naphthofuran skeleton was located a t  C-1 by the  nuc lear  Overhauser enhancement of 6 . 7 %  i n  

t h e  C-9 proton s i g n a l  when t h e  methyl resonance was i r r a d i a t e d .  More conv inc ing ly ,  the furan 

9 
double bond was cleaved by chromic ac id  ox ida t i on  t o  the  ke to  e s t e r  ?, which was saponi f ied t o  

phenylacet ic ac id  and 1-acetyl-2-naphthol .  

1 
The minor naphthofuran L c o n t a i n e d  an e t h y l  s ide  chain apparent i n  i t s  Hmr spectrum leav ing 



only  phenyl f o r  the  o the r  subst i tuent .  The phenyl group i s  placed a t  the  more s t e r i c a l l y  crowded 

1-Posi t ion,  where i t  cannot be coplanar, because o f  the lack  o f  pe r tu rba t i on  of the  longer wave- 

1  
length  peaks i n  the u l t r a v i o l e t  spectrum and the sh ie ld ing  o f  the C-9 hydrogen i n  the Hmr spect-  

rum. This proton absorpt ion i s  no longer a t  6'4.3 but ins tead has moved up f i e l d  t o  merge w i t h  the  

other aromatic protons. 

From Zu-chloro- and 2u-bromo-20-methyl-5a-cholestan-3-one 3 and l3, there were produced three 

isomeric naphtho[2,1-blfurans whose exact s t ruc tu res  were no t  determined. In each the C-2 methyl 

1  group gave r i s e  t o  a  doublet  i n  the Hmr spectrum, and the re fo re  the furan was presumably at tached 

a t  C-3 and C-4 of the  s t e r o i d  nucleus. Two of the isomers would be expected t o  be C-2 epimers o f  

s t ruc tu re  9 ,  whi le  the t h i r d  might be an add i t i ona l  isomer o f  3 r e s u l t i n g  from r e s t r i c t e d  passage 

o f  C-6 o f  the s t e r o i d  and C-9 of the naphthalene r i n g .  

At 81°C 2,2-dichloro-5a-cholestan-3-one 2 gave an unsaturated ch lor ine- f ree naphthofuran 

1  
which must be assigned s t ruc tu re  12. The Hmr spectrum contained a  s i ng le  o l e f i n i c  proton doublet  

a t  66.72 w i t h  t h e  expected coupl ing t o  t h e  adjacent methylene group. The C-2 methylene absorpt ion 

1  
i s  deshielded t o  63.04 by the furan r i n g .  I n  f a c t  the Hmr spectrum i s  q u i t e  s i m i l a r  t o  t h a t  o f  

the  c l ose l y  r e l a t e d  n i t r ogen  analog 13. 10 
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Some o-halo ketones, such as 5a-chloro-36-acetoxycholestan-&one, gave no react ion  w i t h  2- 

naphthol and ac id  under these cond i t ions .  On the o the r  hand ch loro-  and bromoacetone reacted w i t h  

2-naphthol i n  the  presence o f  HCl o r  HBr t o  g i ve  propenylnaphthnls 14 from carbonyl condensation 

a t  the  I -naphthy l  pos i t i on .  With brmoacetone and a number of o the r  ccmpounds, 2-naphthol d i d  

func t ion  as a c a t i o n i c  halogen t r a p  i n  the presence o f  ac id  g i v i n g  1-bromo-2-naphthol (bu t  no 

naphthofurans) from 1-bromobutanone, 1-bromopentan-2-one, 3-bromopentan-2-one, 1.1-dibromoacetone, 

1,l-dibromobutanone, 2,2-dibrmo-5a-cholestan-3-one, and 5a-bromo-3~-acetoxycholestan-6-one. 

There are several ways i n  which naphthofurans miqht be formed from a-halo ketones, even w i t h  

the provisos t h a t  a naphtho[2,1-blfuran be formed and t h a t  an ac id  c a t a l y s t  i s  essential t o  i t s  

formation. For example (a) the  1-naphthyl p o s i t i o n  could serve as a nuc leoph i le  i n  an SN2 d i s -  

placement on an a ' -en01 a l l y l i c  ha l i de  lk, or  ( b )  the  hem~ke ta l  o r  en01 e ther  from 2-naphthol and 

an a-halo ketone cou ld  undergo in t ramolecu lar  SN2 displacement 1 5  o r  z, o r  ( c )  the  oxygen a t m  of 

2-naphthol could ac t  as a nuc leoph i le  i n  an SN2 reac t i on  on an a'-en01 a l l y l i c  ha l i de  1 2  followed 

by acid-catalyzed carbonyl condensation a t  the  1-naphthyl pos i t i on ,  o r  (d) 2-naphthol could reac t  

w i t h  a h y d r o x y a l l y l i c  ca t i on  r e s u l t i n g  from i o n i z a t i o n  o f  an a ' -en01 a l l y l i c  ha l i de  19. 
P o s s i b i l i t y  ( c )  would g i ve  the  wrong subs t i t uen t  pa t te rn  f o r  the naphthol2. l -b l furans from the 

a-halo-1-phenylbutan-2-ones. Mechanism (b )  has the defec t  mentioned above t h a t  some a-halo ketones 

t h a t  should undergo the SN2 reac t i on  r e a d i l y  by t h i s  path  do no t  g i ve  naphthofurans. Path (a )  

seems u n l i k e l y  s ince several  o f  the  b r m o  ketones which g ive  on ly  1-bromo-2-naphthol seem wel l  

su i t ed  f o r  g i v i n g  naphthofurans by t h i s  very route.  Although the evidence i s  f a r  from conclusive,  



so f a r  t he  most a t t r a c t i v e  mechanism fo r  naphthofuran format ion i s  (d )  2. Those ha lo  ketones 

which have been found t o  undergo a + a '  halogen m ig ra t i on  i o n  p a i r  rearrangement of  an  a ' -en01 

1 a l l y l i c  ha l i de  are  t he  ones t h a t  y i e l d  naphthofurans provided t h a t  s t e r i c  h indrance i s  no t  t oo  

severe.'' It would appear t h a t  those ha lo  ketones which are  r e l u c t a n t  t o  i o n i z e  t o  l9, whether 

because the  halogen i s  on a pr imary carbon a t m ,  o r  because the  ='-en01 does no t  form r e a d i l y  

compared t o  t he  a-enol ,  o r  because reduc t i ve  debromination i s  much f a s t e r ,  those ketones do no t  

g i ve  naphthofurans. Moreover, the  h y d r o x y a l l y l i c  ca t i on  path (d )  r e a d i l y  accomnodates t h e  form- 

a t i o n  of both naphthofurans L a n d  L f r o m  each of  t he  four halo-1-phenylbutan-2-ones. It a l so  

makes understandable t he  h igher  temperature requ i red  f o r  t he  reac t i on  o f  2.2-dichloro-5o-cholestan- 

3-one, which probably rearranges t o  2a, 4a-dichloro-5a-cholestan-3-one before furan formation. 

Fur ther  work w l l l  be necessary t o  determine whether the  naphthofurans r e a l l y  a r i s e  from hydroxy- 

a l l y l i c  ca t ions .  



HETEROCKLB, Vol IS, No 2, 1981 

EXPERIMENTAL 

Mel t ing  po in t s  were taken on a Reichert  Ko f l e r  microscope hot stage. I n f ra red  spectra were 
i obtained on Beckman IR5, IR5A. lRlO and Asculab 4 spectrometers. The 60 MHz Hmr spectra were 

taken on a Varian T-60 instrument;  the 100 MHz l ~ m r  spectra were obtained by Heather Schroeder on 

a Varian XL-100 instrument.  Mass spectra were determined by Doug Hai ra ine on a HAT 311A i n s t r u -  

ment. U l t r a v i o l e t  spectra were recorded on a Cary 118 spectrophotometer. Herck GF 254 s i l i c a  ge l  

was used f o r  t h i n  and prepara t ive  l aye r  chromatography. BDH b0-120 mesh s i l i c a  ge l  was used fot  

column chromatography. Organic solvents were removed a t  water a s p i r a t o r  vacuum on a r o t a t i n g  

evaporator. 

Reaction of 3-Bromo-I-phenylbutan-2-one w i t h  2-Naphthol 

A s o l u t i o n  of 1 .45 g (6.38 mH) o f  3-bromo-I-phenylbutan-2-one and 1.93 g (13.4 mM) o f  2- 

naphthol i n  2 ml o f  HOAc p lus  4.5 ml o f  IH HClO i n  HOAc was s t i r r e d  a t  room temperature f o r  1.5 h 
4 

and then a t  6 0 -  70°C for  3.5 h.  The c w l e d  react ion  mix ture  was neu t ra l i zed  w i t h  excess saturated 

aqueous NaHCO? and ex t rac ted w i t h  e ther  t o  g i ve  2.78 g of a ccmpiex mix ture  which was chromato- 
< 

graphed on a column of 250 g o f  s i l i c a  g e l .  Benzene-hexanes (1 :9) e lu ted  446 mg (25%) of  crude 

I -methy l -2 -benry lnaphthd2 .1 -b l furan  5 as an o i  I. Three rec rys ta l  l i za t i ons  from pentane gave - 
co lo r l ess  needles, rnp 70.5 - 71.5'C; uv(Me0H): 217(40,000), 239(31,000), 247(36,0001, 299(11 ,2001, 

306(9100), 312(10,200), 319(7200), and 325nm (12,000); i r (CC14):  no C=O absorpt ion;  l ~ m r  (CDC13) 

6: 2 .57(3H,s .~H~) ,  4.12(2H,s,CH2Ph), 7.24(5H,s,PhHs), 7.2 - 7.6(4H,m,ArH), 7.88(IH,m,ArH), and 

8.36 ppm (IH,m,C-9ArH); m/e 272(MC), 257(Ht -c~ ) ,  and 195(Mf-Ph). Hal. ion  ca lcd  f o r  C20H160: 
3 

272.1201; found: 272.1202. Anal. ca lcd  f o r  CZOHI60: C88.20, H5.92; found: C88.17;H5.93. 

The e a r l i e r  f r ac t i ons  from the column chromatography above contained 83 mg o f  less  po la r  

ma te r i a l .  Preparat ive t l c  o f  t h i s  o i l  on s i l i c a  gel  developed w i t h  pentane gave 44 rng (3%) o f  pure 

-;as an o i l  which d i d  not c r y s t a l l i z e .  uv (HeOH): 216(34,000), 

226(31 ,000), 247(22,0001, 300(9100), 306(7900), 313(8100), 320(6000), and 327 nrn (76001; i r (CC14) :  

no C =O absorpt ion;  l ~ m r  (COCI ) 6: 1.29(3H,t,J=7Hz,CH [CH2]), 2 . 7 3 ( 2 H , q , J = 7 H r . C H 2 [ c H 3 ] ) ,  7.0 - 8.0 
3 3 

ppm (IIH,m+ t a l l  s a t  7.49,ArH);m/e 272(Mt) and z ~ ~ ( M + - c H ~ I .  Mol. ion  calcd.  f o r  C H 0. 272.1201; 
20 16 ' 

found: 272.1197. 

Reaction o f  Other a-Halo-I-phenylbutan-2-oner w i t h  2-Naphthol 

(5) A s o l u t i o n  o f  i I 0  rng o f  I-chlora-I-phenylbutan-2-one and 100 rng o f  2-naphthol i n  0.5 

ml o f  HOAc saturated w i t h  anhydrous HCl was allowed t o  stand a t  room temperature. A f t e r  10 days 

75% o f  a mix ture  o f  furans had been formed. Preparat ive layer  separat ion on s i l i c a  gel  developed 

i n  benzene-hexanes ( I : 5 )  gave 5 (major) and 3 (minor) i d e n t i c a l  w i t h  the naphthofurans from 6. 
(b) A s o l u t i o n  of  112 rng o f  I -bromo-I-phenylbutan-2-one 1 and 143 mg o f  2-naphthol i n  0.7 ml 

o f  0.2 M anhydrous HBr i n  HOAc was allowed t o  stand a t  room temperature f o r  96 h. A f t e r  n e u t r a l i -  

z a t i o n  and p a r t i t i o n i n g  between e ther  and aqueous NaOH so lu t i on ,  the e ther  so lub le  f r a c t i o n  was 

separated by prepara t ive  l aye r  chromatography developed I n  benzene-hexanes 0 : 5 )  t o  g ive  5 (major) 

and 2 (minor) i d e n t i c a l  w i t h  the naphthofurans from i. 
(d A react ion  of 114 mg o f  J and 146 mg o f  2-naphthol i n  0.7 m l  o f  IN  HC104 i n  HOAc f o r  

122 h gave 40% o f  5 and a lesser  amount o f 2 .  

(A) A non-quant i ta t ive  experiment w i t h  3-chloro-I-phenylbutan-2-one 2 and 2-naphthol i n  HCI- 

saturated HOAc a l so  gave the same two naphthofurans 5 (major) and 2 (minor) .  



O x i d a t i v e  Cleavage o f  I -Methy l -2 -benzy lnaphth0 [2 , I -b ] fu ran  & 
The p rocedure  o f  l s h i i  st. was used.9 To a s t i r r e d  (magnet ic  b a r )  s o l u t i o n  o f  83 rng o f  

t h e  ma jo r  naph tho fu ran  5 i n  28 rnl o f  acetone c o o l e d  t o  1°C was added d ropw ise  2 .8  ml o f  Jones r e -  

agen t  prepared f r o m  2.50 g o f  Cr03. 2.25 ml of conc. H2S04, and 7.5 ml o f  w a t e r .  A f t e r  a f u r t h e r  

5 min. o f  s t i r r i n g  a t  I " C ,  t h e  r e a c t i o n  was quenched w i t h  3 ml o f  MeOH. 

A f t e r  f i l t r a t i o n  th rough  g l a s s  wool ,  t h e  f i l t r a t e  was p a r t i t i o n e d  between wa te r  and e t h e r .  

Concen t ra t ion  o f  t h e  e t h e r  e x t r a c t  gave two phases wh ich  were a g a i n  p a r t i t i o n e d  between wa te r  and 

e t h e r .  E v a p o r a t i o n  o f  t h e  d r i e d  (MgSO ) e t h e r  s o l u t i o n  l e f t  74 mg o f  o range  o i l  t h a t  w a r  t h e n  4 
p a r t i t i o n e d  between aqueous NaHC03 (A) and e t h e r  ( 8 ) .  The NaHCO s o l u t i o n  (A) was a c i d i f i e d  w i t h  

3 
aqueous HCI and e x t r a c t e d  w i t h  e t h e r  t o  y i e l d  9 mg o f  c r u d e  p h e n y l a c e t i c  a c i d ,  mp 72 -76°C a f t e r  

r e c r y r t a l l i r a t l o n  f r o m  hexanes. E v a p o r a t i o n  o f  t h e  e t h e r  s o l u t i o n  ( 0 )  l e f t  56 mg o f  m a t e r i a l  

wh ich  was separa ted  on a s i l i c a  g e l  t h i c k  l a y e r  p l a t e  developed i n  CHC13. The majar produc t  from 

t h e  band a t  R 0 48 was 27 rng (29%) o f  c r u d e  3, i r ( C C I  ) .  
f '  I 4 ' 

1768 ( e s t e r  C=O)  and 1708 cm-I ( a r y l  C = O ) ;  Hmr (COCI ) 6 :  2.37(3H,s,CH C=O), 3,87(2H,s,O= 
3 3 

CCH2Ph) and 7 . 0 - 8 . 2  ppm ('blIH,rn,ArH). Mol. i o n  c a l c d  f o r  C20H1603: 304.1099; found: 304.1104. 

A s o l u t i o n  o f  26 rng o f  L a n d  41 rng o f  KOH i n  I ml o f  MeOH was k e p t  f o r  2 h a t  room temperature * 
and then f o r  2 h a t  r e f l u x .  A f t e r  e v a p o r a t i o n  o f  MeOH, a c i d i f i c a t i o n  w i t h  aqueous HCI, and then  

t rea tmen t  w i t h  an excess o f  s o l i d  NaHC03 (C), t h e  p h e n o l i c  m a t e r i a l  was removed by e x t r a c t i o n  w i t h  

e t h e r  t o  g i v e  14 mg o f  " o n - c r y s t a l l i n e  I-; i r ( C C I 4 ) :  3200(OH) and 1 6 2 7 c m - I  
I 

( c h e l a t e d  ArC=O); Hmr (CDCI ) 6 :  2.79(s,CH C=O), 7.6O(rn,ArHi, and 13.4 ppm (broad,ArOH.. .O=C). 
3 3 

Mol .  i o n  c a l c d  f o r  CI2Hl0O2: 186.0681; found :  186.0678. 

The aqueous NaHCO s o l u t i o n  (C) was a c i d i f i e d  w i t h  aqueous HCI and e x t r a c t e d  w i t h  e t h e r  t o  
3 

e. Two r e c r y s t a l l i z a t i o n s  from henanes gave 4 rng o f  c o l o r l e s s  
I 

f l a k e s ,  mp 7 5 -  76.5'C, ""depressed on a d m i x t u r e  w i t h  an a u t h e n t i c  specimen; Hmr (CDCI ) 6 :  3.60 
3 

( ~ H , S , A ~ C H ~ ) ,  7.21 ( 5 ~ , b s , ~ r H ) ,  and 9.48 ppm ( I ~ , b r o a d , ~ H ) .  

Reac t ion  o f  2a-Halo-2&methyl-5a-cholestan-3-ones w i t h  2-Naphthol 

( a )  2 u - c h l o r o  + HCI. A s o l u t i o n  o f  87 mg (0.20 mM) o f  2 and 128 mg (0.89 mM) o f  2 -naph tho l  

i n  0.5 ml o f  C O C I  p l u s  0.5 ml o f  0.3 M anhydrous HCI i n  HOAc was a l l o w e d  t o  s tand  a t  room temper- 
3 

a t u r e  f o r  10.7 days. P a r t i t i o n  o f  t h e  b r i g h t  orange s o l u t i o n  between e t h e r  and aqueous NaHCO 3 
gave 231 rng o f  e t h e r  s o l u b l e  m a t e r i a l .  Column chromatography on 15 g o f  s i l i c a  g e l  gave 91 mg 

(86%) o f  a y e l l o w  s o l i d  m i x t u r e  o f  two naph tho fu rans  c o n t a i n i n g  m inor  con taminan ts  ( s e p a r a t i o n  and 

~ ~ r i f i c a t i o n  a re  d e s c r i b e d  be low) .  

(b)  2o-Brorno + HBr. A s o l u t i o n  o f  49 mg (0.10 mM) o f  2 and 73 mg (0.51 mM) o f  2 -naph tho l  

i n  0.25 ml o f  CDC13 p l u s  0.25 rnl o f  0 .6  M anhydrous HBr i n  HOAc was a l l o w e d  t o  s t a n d  a t  room tem- 

p e r a t u r e  f o r  22 days. E v a p o r a t i o n  o f  s o l v e n t  l e f t  113 mg o f  c rude  p r o d u c t .  Column chromatography 

on 10 g o f  s i l i c a  g e l  gave 40 rng (76%) of  an o i l y  m i x t u r e  o f  two naph tho fu rans  c o n t a i n i n g  o t h e r  

minor  con taminan ts .  C r y s t a l l i z a t i o n  o f  t h i s  m a t e r i a l  f rom e t h a n o l  gave 21 mg o f  y e l l o w  s o l i d .  

The s o l i d  m a t e r i a l  f rom each o f  t h e  above two r e a c t i o n s  c o n t a i n e d  t h e  same two f u r a n s  wh ich  

were separa ted  by p r e p a r a t i v e  l a y e r  chromatography on s i l i c a  g e l  developed i n  pentane.  The l e a s t  

p o l a r  component ( m i n o r ) ,  Rf 0.50, was p r o b a b l y  a 2-epimer o f  

176.5 - 178.5'C, uv (cyc lohenane)  : 223(31,600), 247(24,5001, 254(27.500), 305(9500) ,  317(9300) ,  

324(7500) ,  and 331 nrn (10,700); i r  (CCl41: no OH or C=O a b s o r p t i o n ;  'Hmr (COC13) 6: 1.29(d.J=6.5 

H z , C H 3 [ c ~ ] ) ,  2,04(114~,m), 3.16 (QH,rn), 7 . 2 - 7 . 7 ( 4 ~ , m + s a t 7 . 6 1 , A r H ) .  7 . 9 I ( I ~ , d d , ~ r ~ ) ,  and 8.12ppm 

(IH,bd,C-9ArH). Mol .  i o n  c a l c d  f o r  C H 0. 524.4018; found :  524.4018. 
38 52 ' 

The more p o l a r  naph tho [2 ,1 -b l fu ran ,  Rf 0 .44,  was a l s o  p r o b a b l y  a 2-epimer o f  s t r u c t u r e  9 ,  
mp 87-gODC t o  a l i q u i d  c r y s t a l  f o r m  ( ? )  which c l e a r e d  c o m p l e t e l y  by 107-C, uv (cyc lohenane) :  



222(32,000), 247(24.000), 254(25,000), 305(9700), 317(9300), 324(7500), and 331 om (10.000); i r  

( cc I4 ) :  no OH or  C=O absorpt ion;  l ~ m r  (COC13) 6: 1 . 2 8 ( d , J = 7 H r , C H 3 [ C H 1 ) , . 2 . 7 9 ( 2 H , m ) ,  3.08(IH.m, 

HC-5orHC-Z?), 7.2 - 7.7(4H,m+5 a t  7.58,ArH). 7.88(1H,dd,ArH), and 8.10ppm (IH,dd,C-9ArH). Mol. 

ion ca lcd  f o r  C H 0. 524.4018; found: 524.4018. s c a l c d  f o r  C H 0 :  ~ 8 6 . 9 6 ,  H9.99; found: 
38 52 ' 38 52 

C 86.95, H 10.03. 

( c )  2u-Brom + HC104. A s o l u t i o n  of 50 rng (0.10 mM) o f  IJ and 68 mg (0.47 mM) o f  2-naphthol 

i n  0.25 rnl o f  C O C l  and 0.25 ml o f  IH  HClO i n  HOAc was allowed t o  stand a t  roam temperature f o r  
3 4 

1.3 h. P a r t i t i o n  o f  the in tense ly  ye l low s o l u t i o n  between e the r  and aqueous NaHCO gave 113 mg of 
3 

e the r  so lub le  mater ia l .  Removal o f  naphthols by p a r t i t i o n  between e ther  and aqueous NaOH gave 5 5  

rng of n e u t r a l  ma te r i a l .  Prepara t ive  t l c  on s i l i c a  gel  (benzene-hexanes, 1:19) gave a major  f l u o r -  

escent band conta in ing three naphthofurans which were separated by f u r t h e r  prepara t ive  t l c  on 

s i l i c a  ge l  developed t h r i c e  i n  pentane i n t o  th ree bands, R f  0.48 (minor) ,  0.42 (major) ,  and 0.36 

(rnajor). The upper two bands contained the two prev ious ly  descr ibed naphthofuran epimers of 3. 
The mast po la r  band gave a t h i r d  new naphtho[2,1-bl furan which was r e c r y s t a l l i z e d  tw ice  f r o m  E t O H -  

EtOAc t o  g i ve  small granules, rnp 161 - 165'C; uv (cyclohexane): 222(34,000), 248(25,700), 255 

(29,500), 305(11,200), 318(11,200), 325(8900) and 332 nm (11,500); i r  (CCI4): no OH o r  C=O absorp- 

t i o n ;  l ~ m r  (CDCI ) 6 :  1.55(d,J=6.5HzlCH [CHI),  2 ,80(2~,m) ,  3.11(IH,m), 7.2 -7 .7(4H.m+sat  7.60, 
3 3 

A ~ H ) ,  7,90(1H,dd,ArH), and 8.15ppm (IH,bd,C-9ArH). Hol. ion  ca lcd  f o r  C H 0 .  524.4018; found: 
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524.4015. 

Reaction o f  2,2-Dichloro-5~1-choIe5tan-3-one w i t h  2-Naphthol 

A s o l u t i o n  o f  600 mg (1.32 mH) of 2.2-dichloro-5a-cholestan-3-one and 200 mg (1.38 mM) o f  2-  

naphthol d issolved i n  8 mi o f  a sa tura ted s o l u t i o n  o f  HCI gas i n  CHCl was sealed i n  a t h i c k -  
3 

wal led glass tube and heated a t  8 I0C f o r  27 h. The c l e a r  p ink i sh  react ion  mix ture  was p a r t i t i o n e d  

between water and e ther ,  and the e ther  s o l u t i o n  was ex t rac ted w i t h  aqueous NaOH and water.  Con- 

c e n t r a t i o n  of the d r i e d  e therea l  s o l u t i o n  l e f t  717  mg o f  glassy product.  T l c  on s i i i c a  gel  devel 

oped i n  EtOAc-hexanes (10:90) gave the major  product as  the leas t  po la r  spot (Rf 0.70) plus l l 

more po la r  spots. Thick layer  chromatography under the same cond i t ions  y ie lded 188 mg (28%) of the 

major product u i ~  n- IL as a wh i te  s o l i d .  Two r e c r y s t a l l i z a t i o n s  from hexanes 

gave co lo r i ess  needles, mp 172 - 175°C. uv (E~OH)  : 216(56,000), 227 i n f .  (26,000). 245(I9,OOO), 

281 m i " .  (24001, 309(8900), 315(9700), 322(8900), and 329 nm (9400); i r (CS2): 3100 cm-I (aromatic 
i 

CH), no C=O absorpt ion;  Hmr (LOCI  ) 6: 1,19(s,l9-Me), 3.04(2H,dd,C-2CH2). 6,72(IH,d,C=CH), 
3 

7.64 - 8.16(5H,m,ArH), and 9.04 ppm (IH,m,ArH). Mol. ion  ca l cd  for  C37H480: 508.3705; found: 

508.3708. 

Reaction o f  Chloroacetone w i t h  2-Naphthol 

A s o l u t i o n  o f  95 mg (1.0 mu) o f  chloroacetone and 147 mg (1.02 mH) o f  2-naphthol i n  0.5 m l  of 

0.5 M anhydrous HCl i n  HOAc was kept a t  60DC for 144 h. The co lo r l ess  s o l u t i o n  gradua l ly  changed 

t o  yel low, then orange, and f i n a l l y  brown. The react ion  was quenched by p a r t i t i o n  between e ther  

and aqueous NaHCO t o  y i e l d  174 mg o f  crude product.  Prepara t ive  layer  chromatography on s i l i c a  
3 

gel  developed i n  benzene-hexanes (3:2) gave 53 rng o f  recovered 2-naphthol, 63 mg o f  Z (or E) and 

27 mg o f  E (or 2 )  3. 
The major propene, a l i g h t  ye l low o i l  R f  0.33, had uv(He0H): (Short Amax o f f  cha r t )  265(4800), 

275(6000), 284(48OO), 321 (27OO), and 330 nm (3000); i r (CCI4) : 3555(OH), 1622 and 1597 cm-' (conj .  
I 

naphthyl C=C) ;  Hmr (COCI ) 6: 2.18(3H,d,J=l.5Hz,CH [C=CHI), 5.39(IH,bs,OH), 6.21(1H,q,J=I.5Hz, 
3 3 

~c=cMe) and 7.40 ppm (6H,m,ArH). Hol . ion  ca lcd  f o r  C13H1 1 3 5 ~ 1 0 :  218.0498; found: 218.0501. 

The minor propene, a l s o  a l i g h t  ye l low o i l  Rf 0.22, had uv (MeOH): (Short hmax o f f  c h a r t )  



265(3700),  275(4800), 287(3700), 318(2000), and 330 nm (2300);  i r  (CCI4) :  3560(0H), 1623 and 1598 
-I I 

cm (conj .  n a ~ h t h y l  C = C ) ;  Hrnr (COCI ) 6: ~ . I ~ ( ~ H , ~ , J = I . ~ H ~ , c H  Ic=cH]) ,  ~ . ~ I ( I H , ~ ~ , o H ) ,  6 . 5 7 ( 1 ~ ,  
3 3 

q , ~ = l  . ~ H z , H c = c M ~ ) ,  and 7.44 ppm (6H,m,ArH). Mol. i o n  c a l c d  f o r  C13H1 1 3 5 ~ ~ ~ :  218.0498: found: 

218.0501. 

React ion o f  Bromoacetone w i t h  2-Naphthol 

A s o l u t i o n  o f  80 rng (0.50 mM) of  brornoacetone and 147 mg (1.02 mM) of  2-naphthol  i n  0.5 m l  o f  

0.6 M anhydrous HBr i n  HOAc was k e p t  a t  roam temperature for 74 h. The c o l o r l e s s  s o l u t i o n  s l o w l y  

changed t o  a deep brown. The r e a c t i o n  was quenched by p a r t i t i o n  between e t h e r  and aqueous NaHCO? 

t o  y i e l d  208 rng o f  crude p r o d u c t .  P r e p a r a t i v e  l a y e r  chromatography o f  166 rng o f  t h e  p r o d u c t  on 

s i l i c a  g e l  developed i n  benzene-hexanes (3:2)  gave 58 rng o f  2-naphthol ,  32 mg o f  I-bromo-2-naphthol, 

22 mg o f  Z (or E )  and 14 rng o f  E (or  2)  1- $. 
The ma jo r  propene, a s l i g h t l y  g r e e n i s h  o i l  Rf 0.33, had i r  ( c c I ~ ) :  3545 and 3300(OH), 1624 

I and 1598 ern-' (conj ,  naph thy l  C=C) ; Hrnr (COCI ) 6 :  2,22(3H,d,J=l .5Hz,CH [ c = c H ] ) ,  5.34(1H,bs,OH), 
3 3 

6 . 3 4 ( l ~ , ~ , J = l . 5 H r , H C = C H e ) ,  and 7.34 ppm (6H,m,~rH).  Mol. i o n  c a l c d  f o r  CljH1179~r0: 261,9993; 

found: 261.9989. 

The minor  propene, a l s o  a g r e e n i s h  o i l  Rf 0.24, had i r  (CCI,,); 3555 and 3 3 0 0 ( 0 ~ ) ,  1625 and 
\boo cm-I ( c m j .  naphthyl C = c ) ;  ' ~ r n ~  (CDCI 1 6: 2.15(3H,d,J=I.5Hz.CH [C=CHl), 5.13(IH,bs,OH), 3 3 
6.66(IH,q,J=1.5Hz,HC=CMe), and 7.41 ppm ( 6 H , A H  Mol. i o n  c a l c d  f o r  C H 7 9 ~ r 0 :  261.9993; 

13 1 1  
found 261.9987. 
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