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C-2 proton is obscured in the 'H NMR spectrum of 3 but 
clearly visible in 4 the 20-H configuration could be de- 
termined rigorously for 4 and thus indirectly for its pre- 
cursor 3. This three-step procedure formally accomplishes 
the conversion of avermectin Aza into the desired aver- 
mectin Bza. It should have general application for the 
transformation of 5-methoxy containing avermectins and 
milbemycins to their 5-hydroxy analogues. 

Experimental Section 
The natural products 1 and 4 were obtained from A. J. Kempf 

and Dr. K. E. Wilson, Merck Sharp and Dohme Research Lab- 
oratories, Natural Products Isolation Department. AU compounds 
were in form of amorphous lyophilizates containing up to 6% of 
the 27-desmethyl lower homologues (the 'b" series).la Reaction 
products were purified by chromatography on silica gel GF Un- 
iplates, Analtech, 0.25-1.0-mm thicknesa, and/or by reverse-phase 
high-performance liquid chromatography on a Whatman Partisil 
M9 10/50 ODs-3 column. Purity of products and progress of 
reactions were determined by analytical TLC on silica gel plates, 
visualized by UV fluorescence and staining with phosphomolybdic 
acid, and analytical HPLC on a Whatman Partisil PXS 10/25 
ODs-3 column using UV absorption at 254 nm for detection. 'H 
and 13C NMR spectra were recorded on Varian XL-200 and 
XL-400 instruments in CDC13 solution with Me4Si as internal 
reference. Mass spectra were obtained on an LKB Model 9000 
or Varian MAT 212 mass spectrometer. 
3a-Acetoxy-5-dehydro-3-hydroavermectin Aza (2). A so- 

lution of avermedin A, (250 mg, 0.277 mmol) and H~(OAC)~ (250 
mg, 0.784 mmol) in 4.0 mL of anhydrous toluene was stirred under 
N2 in an oil bath at 100 OC for 40 min, when HPLC (8:2 
MeOH-H20, 1.0 mL/min) indicated the completion of the re- 
action and a product composition of 27% of 5-ketoavermectin 
B, (3)) t, 9.5 min, less than 1% of starting material 1, t ,  10.5 min, 
and 73% of product 2, t, 14.4 min. The reaction mixture was 
filtered and the solid residue washed with ca. 75 mL of EtOAc. 
The filtrate was washed with water, aqueous NaHC03, HzO (Px), 
dried over MgS04, and concentrated in vacuo to 274 mg of yellow 
glass. This crude reaction mixture (30 mg) was purified on four 
preparative 0.25 mm thick silica gel plates, developed with a 
cyclohexane-acetone (7:3) mixture, giving three narrow partly 
overlapping bands centered at R, 0.5. The fastest band afforded 
13.5 mg of white glass, which was dissolved in benzene and 
freeze-dried; HPLC and TLC showed it to be a mixture consisting 
of 80% of 2 and 20% of 5-ketone 3: UV A,, (MeOH) 243,236, 
and shoulder 251 nm (e  31 400, 29 300,20600). Anal. Calcd for 
C5&& (963.180): C, 63.68; H, 8.16. Found C, 63.73; H, 8.20. 
MS (field desorption), m/e 920 [(M + NH4 - AcOH)'], 902 [(M 

615, 599, 597, 579, 565, 387, 323, 305, 273, 259, 257, 179, 162; 
200-MHz 'H NMR (CDCl,) 6 6.00 (1 H, br d, J -9 Hz, CgH), 
-5.75 (2 H, m, CloH + CIIH), 5.73 (1 H, d, J = 4.3 Hz, C3H; s 
upon irradiation of 6 2.92 d), 5.45 (1 H, d, 3.3 Hz, C1,,H), 5.36 (1 
H, m, ClgH), 4.96 (1 H, m, C15H), 4.79 (1 H, d, J = 3.3 Hz, CltH), 
4.68 (1 H, s, C70H), 4.65 (2 H, br s, C8,HZ), 4.22 (1 H, s, C&), 
3.98 (1 H, br s, C13H), 3.77 (3 H, s, C50CH3), 3.48 and 3.47 (2 x 
3 H, 2 s, C3, and C3.,0CH3), 3.28 (1 H, t, J = 9.0 Hz, C4,H), 3.2 
(1 H, br t, J = 9.0 Hz, C,H), 2.92 (1 H, d, J = 4.3 Hz, C2H, s upon 
irradiation of 5.73 d), 2.15 (3 H, s, C3,0COCH3), 1.73 (3 H, s, 

5-Ketoavermectin Bza (3). A solution of 100 mg of crude 
oxidation product containing 45% of 2 and 41% of 3 (HPLC, 8 2  
MeOH-H20, 1.5 mL/min; t ,  9.5 and 6.3 min) in addition to two 
minor impurities (5% and 7% with t, 5.4 and 8.1 min) in 5.0 mL 
of AcOH was kept at 18 OC for 5 h. The reaction mixture was 
diluted with 5 mL of MeOH and concentrated in vacuo. The 
residue was dissolved in toluene and concentrated in high vacuum 
to 103 mg of light glass, which was dissolved in CH2C12, and 
applied to a 1 mm thick silica gel plate and run in a cyclo- 
hexane-acetone (7:3) solvent system. The major band was ex- 
tracted to give 68 mg crude 3 (HPLC, 85:15 MeOH-H20, 1.0 
mL/min, t ,  8.3,9.8, 12.8 rnin corresponding to lo%, 83%, 6%; 
200-MHz' H NMR identical with that of authentic 39. Further 
purification was achieved by chromatography in two 28-mg 
batches on a Whatman M9 ODS-3 column, MeOH-H,O (8515), 

+ NH4 - AcOH - HzO)+], 884,867, -852, -757,740,722, -708, 

ChCHJ, 1.53 (3 H, S, C14CH3). 
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4.0 mL/min, giving 37 mg of 3: HPLC ( 8 2  MeOH-H20, 1.5 
mL/min) t ,  11.0,14.1 min (5%, 93%); UV A- (MeOH) 242 nm 
(e  28060); MS, m/e 888 (M+), 870,744,726,708,582,564,547, 
546,323,305,259,257,239,221,145,127,113; 200-MHz 'H NMR 
(CDC13) 6 6.58 (1 H, br dd, J = 1.6 and 2.6 Hz, C3H irradiation 
of C2H at 6 3.60 gives br d, J = 1.6 Hz; irradiation of C4CHS at 
6 1.91 gives d, J = 2.5 Hz), 3.92 (1 H, 8, C70H), 3.88 (1 H, s, C&), 
3.60 (1 H, m, C2H), 1.91 (3 H, dd, J = 1.6 and 2.6 Hz, C4CH3, 
irradiation of CaH at 6 6.60 gives d, J = 2.6 Hz, irradiation of CzH 
at 6 3.60 gives d, J = 1.6 Hz). 

Authentic 5-ketoavermectin B, (3) was prepared from 100 
mg of 4 by Mn02 oxidatione and purified by preparative TLC (73 
cyclohexane-acetone) giving 51 mg of 3 HPLC (82  MeOH-H20, 
1.5 mL/min) t ,  10.7,14.0 min (16%, 84%); UV A- (MeOH) 242 
nm (e 27080); MS, m/e 871 (M+ - 17), 744,726,708,582,564, 
547,546,323,305,259,257,239,221,145,127,113; 200-MHz 'H 
NMR (CDCl,) identical with that of avermectin A, (1) derived 
3. 

Avermectin Bza (4). Crude oxidation product (250 mg) con- 
taining 42% of 2 and 46% of 3 was dissolved in 5.0 mL of AcOH 
and kept at 18 OC for 3.5 h. The reaction mixture was diluted 
with 50 mL of toluene and concentrated at 18 "C under high 
vacuum. The residue was dissolved again in toluene, and con- 
centrated to 280 mg of a yellow foam. TLC and HPLC (485220 
CH3CN-MeOH-H20, 1.5 mL/min; t ,  6.5 min) shows one major 
component (80% of area) which was characterized by NMR as 
3. The crude ketone was dissolved in 6.0 mL of EtOH, cooled 
to -15 O C ,  and stirred under N2 Then 12.5 mg of NaBH4 was 
added in one portion. After 20 min 35 mL of 0.1 N aqueous AcOH 
was added, and the white precipitate was filtered and washed with 
water. The residue waa dissolved in EtOAc and concentrated in 
vacuo to 242 mg white glass, HPLC (4832:20 CH3CN-MeOH- 
H20, 1.5 mL/min) t, 5.2 min, 74% of area, identical with a sample 
of avermectin B, obtained by fermentation in HPLC, TLC, and 
NMR. The crude product was further purified on four 1 mm thick 
silica gel plates with CH2C12-MeOH (95:5), giving 138 mg white 
foam, which was freeze-dried from benzene. The 400-MHz 'H 
NMR spectrum, HPLC (45:30:25 CH3CN-MeOH-H20, 1.5 
mL/min) t ,  6.1 and 7.4 min, 5 and 91% of area, avermectin B2b 
accounting for 5%), and UV A, (MeOH) 245 nm (e 28900) are 
identical with those of authentic avermectin Bza. 
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Previous work' directed toward the preparation of 
various estrenes for estrogen binding studies showed that 
5/3-estrane-3,17-dione (1) reacts with phenylselenyl chloride 
with enolization toward C-2. The work of Rapala and 
Farkas2 in 1958 attracted our attention since they de- 
scribed the synthesis of 4j3-bromo-5P-estrane-3,17-dione 
(2) by bromination indicating enolization toward (2-4. The 
assignment of the 40-bromo group in compound 2 was 
based on two facts: (1) Other 3-keto 50-steroids are known 
to produce predominantly the 40-bromo products since 
enolization of 3-keto 50-steroids is directed primarily to- 
wards C-4.3 (2) Dehydrobromination of compound 2 with 

(1) Abul-Hajj, Y. J. J .  Chem. SOC., Chem. Commun. 1986,1479. 
(2) Rapala, R. T.; Farkas, E. J. Am. Chem. SOC. 1968,80, 1008. 
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refluxing pyridine gave 4-estrene-3,17-dione (4).2 
In an effort to obtain compound 2, we repeated this work 

and found that the product isolated in our hands had the 
same melting point as that of compound 2. However, lH 
NMR analysis of the isolated product showed a charac- 
teristic quartet centered a t  6 4.64 (J = 4.2 Hz). This 
pattern is indicative of an equatorially oriented proton at  
C-2, which led us to the assignment of Pa-bromo-5P-es- 
trane-3,17-dione (3) as the correct product obtained from 
bromination of dione 1 in acetic acid. Comparison of lH 
NMR of 4P-bromo-5P-androstane-3,17-dione (7) obtained 
from bromination of compound 6 showed a doublet a t  6 
4.94 ( J  = 11.5 Hz) for 4a-H which is completely different 
from that obtained for compound 3. 

The major criteria used by Rapala and Farkas for as- 
signment of the bromo group to the CP-position was the 
fact that  refluxing with pyridine results in formation of 
4-estrene-3,17-dione (4) (Scheme I). Indeed, when com- 
pound 3 was refluxed with pyridine, the major product 
obtained is compound 4 (66% yield). In addition, 5% yield 
of 5P-estr-l-ene-3,17-dione (5) was also isolated. While the 
mechanism for dehydrobromination of compound 3 by 
pyridine leading to the formation of compound 4 is not 
firmly established, the pathway shown in Scheme I1 is 
being proposed at  this time. Earlier studies by WarnhofP 
showed that dehydrobromination of 2a-bromo-5a-chole- 

0 w 
stenone with pyridine and substituted pyridines leads to 
a mixture of the A'- and A4-cholestenones. Further support 
for the assignment of the bromo group to the 2-position 
was obtained from dehydrobromination of compound 3 by 
refluxing with CaCO, in dimethylacetamide as described 
by Green and Long.5 This method is known to be more 
specific than pyridine and leads to the elimination of a 
proton a to the bromo group. Only compound 5 was ob- 
tained from dehydrobromination of 3 with CaC03/di- 
methylacetamide. 

The results obtained from this study indicate that en- 
olization of 19-nor 3-keto 5P-steroids is directed toward 
C-2 as opposed to C-4 which seems to be the case with C-19 
methyl 3-keto  steroid^.^ These studies support our earlier 
findings on the direction of enolization during the phe- 
nylselenenylation of 19-nor 3-keto 5a- and SP-ster0ids.l 

In summary, the earlier report on the structural as- 
signment of the product obtained from bromination of 
5P-estrane-3,17-dione (1) is incorrect and that the correct 
structure should be 2a-bromo-SP-estrane-3,17-dione (3). 

Experimental Section 
Melting points (uncorrected) were obtained on a Fisher-Johns 

apparatus. NMR spectra were obtained with a JEOL-9OQ 
spectrometer. High-resolution mass spectra were taken on 

General Bromination Procedure. To a solution of 3-keto 
steroid (350 mg, 13 mmol) in glacial acetic acid (6 mL) was added 
a solution (4 d, 1 M) of bromine in glacial acetic acid, dropwise 
with stirring, at room temperature. The reaction mixture was 
kept at room temperature for an additional 10 min, after which 
it was poured over water and extracted with CHC1,. The chlo- 
roform fraction was dried (Na,S04), filtered, and evaporated to 
give a residue from which pure a-bromo-3-keto steroids were 
obtained through open-column chromatography. 
2~~-Bromo-5,9-estrane-3,17-dione (3). 5@-Estrane-3,17-dione 

(1) gave 3: 86% yield; mp 186-188 "C; NMR (CDCl,) 6 0.90 (s, 
3 H, C-18 Me), 4.64 (q, 1 H, J = 4.2 Hz, C-2 H); mass spectrum, 
mlz 353 (M+). 
4,!?-Bromo-5,9-androstane-3,17-dione (7). 5@-Androstane- 

3,17-dione (6) gave 7: 79% yield; mp 192-194 "C; NMR (CDClJ 
6 0.90 (8,  3 H, C-18 Me), 1.10 (e, 3 H, C-19 Me), 4.94 (d, 1 H, J 

Dehydrobromination of Compound 3 with Pyridine. 2a- 
Bromo-5@-estrane-3,17-dione (3) was dehydrobrominated by re- 
fluxing in pyridine for 12 h. The reaction mixture was poured 
into water and extracted with methylene chloride. The extract 
was washed with 1 N HCl solution and water, dried (Na2S04), 
and evaporated to dryness. The residue was streaked over 
preparative silica gel (W) plates and developed in benzene-ethyl 
acetate (31). The areas corresponding to the W absorbing bands 
were separated, eluted, and characterized. The spectral data for 
the major product (66% yield) was found to be identical in all 

LKB-9000. 

= 11.5 Hz, C-4 H). 

(3) Corey, E. J.; Sneen, R. A. J. Am. Chem. SOC. 1955, 77, 2505. 
(4) Warnhoff, E. W. J.  Org. Chem. 1962, 27, 4587. (5) Green, G. F. H.; Long, A. G. J .  Chem. Soe. 1961, 2532. 
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respects with an authentic sample of 4-eatrene-3,17-dione (4). The 
minor product was isolated in 5% yield and showed the following 
physical characteristics: mp 185-187 OC; 'H NMR S 0.93 (5, 3 
H, C-18 Me), 5.99 (d, 1 H, J = 10 Hz, C-2 H), 7.08 (dd, 1 H, J 
= 10 Hz, J = 2 Hz, C-1 H). These data are essentially similar 
to those reported earlier' for 5P-estr-l-ene-3,17-dione (5). 

Dehydrobromination of Compound 3 with CaC03/Di- 
methylacetamide. Compound 3 (50 mg) dissolved in di- 
methylacetamide (0.8 ml) was added portionwise to calcium 
carbonate (80 mg) in boiling dimethylacetamide (3 mL) during 
3 min, and refluxing was continued for 15 min. Some of the 
solvent was distilled under vacuum; the residue was extraded with 
ether and washed with HC1 and water. The ether was dried and 
evaporated and the residue streaked over silica gel plate as de- 
scribed above. Only one UV absorbing band was observed, which 
following elution gave 42 mg (84%) of pure product, which was 
found to be identical in all respects with 5@-estr-1-ene-3,17-dione 
(5). 

Registry No. 1, 5696-51-5; 3, 102922-53-2; 4, 734-32-7; 5, 
101469-27-6; 6, 1229-12-5; 7, 4588-83-4. 
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The Pictet-Spengler condensation of 3-alkoxyphen- 
ethylamines or 3-hydroxyphenethylamines 1 with alde- 
hydes is widely utilized in the synthesis of tetrahydroiso- 
quinolines' and also serves as the biosynthetic route to 
these alkaloids.2 Cyclization has generally been reported 
to proceed para to the activating 3-alkoxy or 3-hydroxy 
group, thereby generating 6-alkoxy- or 6-hydroxytetra- 
hydroisoquinolines (i.e. 2 or 4), re~pectively. '~~-~ With 
formaldehyde, cyclization ortho to the alkoxy or hydroxy 
group, forming %alkoxy- or 8-hydroxytetrahydroiso- 
quinolines (i.e., 3) has been reported to accompany para 
cyclization.lT61' However very few instances of ortho 

(1) Whaley, W. M.; Govindchari, T. R. O g .  React. (N.Y.) 1951,6,151. 
Kametani, T. J.; Fukumoto, K. In The Chemistry of Heterocyclic Com- 
pounds; Grethe, G., Ed.; Wiley Interscience: New York, 1981; Vol. 38, 
Part 1, pp 170-186. Kametani, T.; Fukumoto, K.; Kigasawa, K.; Hiiragi, 
M.; Ishimaru, H. Heterocycles 1975 3, 311. 

(2) McDonald, E. In The Chemistry of Heterocyclic Compounds; 
Grethe, G., Ed.; Wiley Interscence: New York, 1981; Vol. 38, Part 1, pp 
275-379. Dalton, D. R. In The Alkaloids; Dekker: New York, 1979; pp 
182-258. Shamma, M. In The Zsoquioline Alkaloids; Academic: New 
York, 1972. Zenk, M. H.; Rueffer, M.; Amann, M.; Deus-Neumann, B. 
J .  Nat. Prod. 1985,48,725. 

(3) Kametani, T.; Kigasawa, K.; Hiiragi, M.; Ishimaru, H. J. Chem. 
SOC. C 1971,2632. 

(4) Hudlicky, T.; Kutchan, T.; Shen, G.; Sutliff, V. E.; Coscia, C. J. J.  
Org. Chem. 1981,46, 1738. 

(5) Schbpf, C.; Bayerle, H. Jutus  Liebigs Ann. Chem. 1934,513,190. 
(6) Battersby, A. R.; Staunton, J.; Wiltahire, H. R.; Francis, R. J.; 

Southgate, R. J.  Chem. SOC., Perkin Trans. 1 1975, 1147. McMurtrey, 
K. D.; Meyerson, L. R.; Cashaw, J. L.; Davis, V. E. J.  Org. Chem. 1984, 
49, 947. 

(7) Queasy, S. N.; Williams, L. R. A u t .  J.  Chem. 1979, 32, 1317. 
Baddeley, G. V.; Quessey, S. N.; Williams, L. R. A u t .  J .  Chem. 1980,33, 
447. 

(8) Bates, H. A. J .  Org. Chem. 1981, 46, 4931. 
(9) Bates, H. A. J.  Org. Chem. 1983,48, 1932. 
(10) Ranieri, R. L. McLaughlin, 3. L. J.  Org. Chem. 1976, 41, 319. 

cyclization with aldehydes other than formaldehyde have 
been rep0rted.89~J~J~ and a systematic quantitative inves- 
tigation of regioselectivity has not been performed. 

We recently obsqrved tha t  condensation of nor- 
epinephrine (lg) and epinephrine (1 h) with formaldehyde 
and acetaldehyde in neutral to mildly acidic aqueous so- 
lution affords 20-50% of the unexpected tetrahydro- 
4,7,8-isoquinolinetriols (3g, 3h, 5g, and 5h) respectively, 
as well as the expected tetrahydro-4,6,7-isoquinolinetriols 
(2g, 2h, 4g, and 4h).*l9 We now report a systematic in- 
vestigation of the regioselectivity of Pictet-Spengler con- 
densations of a series of 3-hydroxyphenethylamines (1) 
with formaldehyde and acetaldehyde. 

Results and Discussion 
A series of 3-hydroxyphenethylamines 1 was treated with 

8 equiv of aqueoud formaldehyde or acetaldehyde a t  pH 
2-8.5 a t  20 "C. The reaction progress and product dis- 
tribution were follwed by thin-layer chromatography and 
liquid chromatography. In accord with Pictet-Spengler 
reactions of other 3-hydro~yphenethylamines,l~~*~~~J~J* the 
reaction rate was strongly influenced by pH. For example, 
the half-life for the reaction of Id with formaldehyde was 
12 min at  pH 2 and less than 1 min at  pH 7. The half-life 
for the reaction of Id with acetaldehyde was 1.5 h a t  pH 
2 and less than 1 min a t  pH 7. At pH 2, the yield of 
tetrahydroisoquinolines was nearly quantitative. At  pH 
7, the N-methyftetrahydroisoquinolines were obtained in 
high yields, while the yields of the N-unsubstituted tet- 
rahydroisoquinolines were somewhat lower (6040%) due 
to competing side reactions with excess a l d e h ~ d e . ~  

The regioselectivities of the Pictet-Spengler cyclization 
of 1 (including %hose investigated previ~usly"~), determined 
by analytical liquid chromatography, are summarized in 
Table I as percentage of ortho cyclization. The regiose- 
lectivity is influenced only subtly by the aldehyde or the 
substituents bn 1. At  pH 2, cyclization occurs exclusively 
or primarily para to the activating aromatic hydroxy group, 
affording 2 and 4. At pH 5,  significant cyclization ortho 

'T' 'T' 'f' 

I 
R' nd II 

1 2. R'= n 3. R'=H 
4, R'= CH, 5, R1= CH, 

to the activating hydroxy group occurs, affording 3 and 5 
as well as 2 and 4. The amount of ortho cyclizgtion is 
greatest at p H  7, and generally somewhat less a t  pH 8.5. 
Since the ratio of isomeric products does not vary signif- 
icantly during the course of the reaction, selective de- 
struction of one isomer apparently does not occur. 
AU of the tetrahydroisoquinoline products except 4b and 

5d were previously known (see references in Table I) and 
were chromatographically and spectrally identical with 

(11) Alpatova, T. V.; Yashunskii, V. G. Chem. Heterocycl. Comp. 
USSR 1981,17,804. 

(12) Kametani, T.; Fukumoto, K.; Kigasawa, K.; Hikagi, M.; Ishimaru, 
H.; Wakiaaka, K. J. Chem. SOC. C 1971,1805. Kametani, T.; Huang, S.; 
Koseki, C.; Ihara, M.; Fukumoto, K. J.  Org. Chem. 1977,42, 3040. Ka- 
metani, T.; Ujiie, A.; Ihara, M.; Fukumoto, K.; Lu, S. J.'Chem. SOC., 
Perkin Trans. I 1976,1218. Falco, M. R.; de Vries, J. X.; Mann, G. Z. 
Chem. 1973, 13, 56. Falco, M. R.; de Vries, J. X.; Maychelli, E.; de 
Lorenzo, H. C. Tetrahedron 1972,28,5999. Kapadia, G. J.; Subba Rao, 
G.; Leek, E.; Feyez, M. B. E.; Vaiahnav, Y. N.; Fdes, H. M. J.  An .  Chem. 
SOC. 1970,92,6943. Rachlin, S.; Worning, K.; Enemark, J. Tetrahedron 
Lett. 1968,4163. Yu, C. K.; MacLean, D. B. Can. J. Chem. 1971,49,3025. 

(13) King, G. S.; Goodwin, B. L.; Sandler, M. J.  Pharrn. Pharmacol. 
1974,26,476. 

(14) Schopf, C.; Salzer, W. Justus Liebigs Ann. Chem. 1940, 544, 1. 
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