
5262 J. Org. Chem. 1984,49, 5262-5264 

mixture became homogeneous. The reaction mixture was im- 
mediately cooled to -30 "C, and then 2.23 g (22 mmol) of tri- 
ethylamine was added. The reaction mixture wm stirred at room 
temperature for 3 days. The precipitate was removed by filtration 
and the solvent was removed in vacuo. The residue was re- 
crystallized from a heptane-petroleum ether mixture to give 1.82 
g (89%) of deep red crystals: mp 243-245 "C (lit. mp 240-241 

245-246 "C,l8 245-247 "CI7); 'H NMR (deuteriochloroform) 
6 1.33 (s, 36 H), 7.71 (s, 4 H); 13C NMR (deuteriochloroform) 6 

IR 2960,2930,2890,1600, 1470,1395,1370, 1260,1200,910,895 
cm-'; MS, mlz 408 (M'.). Anal. Calcd for C,sH,002: C, 82.3; 
H, 9.9. Found: C, 82.2; H, 9.7. 

Method B: Dibutylamine. The procedure of method A was 
followed with 23.7 g (50 mmol) of 1,3.9 g (55 mmol) of chlorine, 
and 25.9 (200 mmol) of dibutylamine in a total of 130 mL of 
heptane. The residue was triturated with hot petroleum ether 
(bp 35-60 "C) to give 11.5 g (56%) of deep red crystals identical 
in every respect with that prepared by method A. 
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Corticosteroids possessing functionality a t  C-6 are val- 
uable intermediates for the preparation of immunologically 
useful protein-hapten conjugates. Antibodies obtained 
from these conjugates often possess low in vitro cross-re- 
activities when compared to structurally similar steroids.' 
Thus, there is need for convenient preparations of C-6 
functionalized precursors. Some of the more common 
routes to these compounds entail epoxidation of the 5-ene, 
%one ketal, followed by nucleophilic ring opening and 
dehydration-deprotection of the 6-substituted %one ketal, 
4-01. '~~~ Many of these routes require several steps and 
suffer low to  moderate yields. 

During the past decade, several groups have demon- 
strated the synthetic utility of steroidal (?r-ally1)palladium 
c ~ m p l e x e s ; ~  however, to  the best of our knowledge, no 
attempts have been made to  prepare complexes from 11- 

t Current address: Barberton Technical Center, PPG Industries, 
Inc., P.O. Box 31, Barberton, OH 44203. 
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substituted 3-oxo-4-ene steroids. 
We now wish to  report the preparation of the steroidal 

(a-ally1)palladium complex 2 as an intermediate useful in 
the preparation of C-6 substituted corticosteroids. 
Treatment of the bis(methy1enedioxy) ether l4 with 
NazPdCll in refluxing THF gave the corresponding com- 
plex 2 in 24% yield. The complex was purified by re- 
crystallization and the product characterized by lH and 
13C NMR, as well as elemental analysis. 
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1, C-11 H), 4.26 (br d, 1, C-6 *-allyl H, J = 4 Hz), 4.03 (s,2, C-21 
CH2), 3.98 (s, 1, C-4 r-allyl H), 1.53 (s, 3, (2-19 CH3), 1.12 (s, 3, 
C-18 CH,); 13C NMR (CDC13) 6 204.0 (C-3), 134.2 (C-5, n-allyl), 
82.6, 64.6 (C-4, C-6, *-allyl); TLC (Si-gel) R, 0.38 (955 
CH2C12/MeOH). Anal. Calcd for C&6&Pd2C12: C, 50.65; H, 
5.68. Found: C, 50.78; H, 6.20. 

Diethyl [ 17a,20,20,2 1-Bis (methylenedioxy )- 1 I@-hydroxy- 
3-oxopregn-4-en-6@-yl]malonate (3a). To a dry two-neck 10-mL 
round-bottom flask equipped with a stir bar was added NaH as 
a 57% oil dispersion (7.47 mg, 0.178 "01). The dispersion was 
thoroughly washed with hexane in order to remove mineral oil, 
and dry dimethyl sulfoxide (3 mL) was added under a N2 blanket. 
The stirrer was started, and diethyl malonate (54.3 mg, 0.339 
mmol) was added. The slurry was warmed to 35 "C, and the 
bis(.rr-allyl)palladium complex 2 (103 mg, 0.094 mmol) was added. 
The reaction mixture immediately turned black, indicating Pd 
metal precipitation. The mixture was stirred at  35 "C for 18 h 
at which point 30 mL of H20 was added. The mixture was 
partitioned between water and CH2C12. The organics were sep- 
arated, and the aqueous phase was extracted with 30 mL of 
CH2C12. The combined organics were washed with H20 (3 X 25 
mL) and brine (3 X 25 mL). The organic layer was dried (MgSO,), 
filtered, and concentrated in vacuo to give the crude product as 
a yellow oil. The oil was triturated with aqueous ethanol to give 
48.23 mg (91%) of 3a as a pale yellow solid: mp 139-142 "C; 'H 
NMR (CDC13)6 6 5.72 (s, 1, C-4 vinylic H), 4.95 (s, 4, OCH20), 
4.23 (9, 4, malonate CH2), 3.93 (8 ,  2, C-21 CH2), 3.24 (br m, 1, 
CHC02Et); TLC (silica gel) R, 0.60 (955 CH2C12/MeOH); mass 
spectrum, m/z (relative intensity) 564 (15), 563 (56), 562 (loo), 
489 (9), 488 (lo), 403 (36), 384 (54), 372 (65), 354 (291, 339 (21), 
284 (26), 266 (32), 251 (48), 225 (52), 161 (48), 131 (48), 115 (58), 
105 (63), 91 (80), 69 (71), 55 (92), 43 (97). Anal. Calcd for 
C&2010: 562.2777. Found: 562.2779. 

Dimethyl 17a,20,20,2 1-Bis( methy1enedioxy)- 1 lp-hydroxy- 
3-oxopregn-4-en-6@-yl]malonate (3b). Treatment of dimethyl 
malonate (260.0 mg, 2.01 mmol) with NaH in dimethyl sulfoxide, 
followed by the (r-ally1)palladium complex 2 (310.0 mg, 0.284 
"01) as outlined for 3a afforded 116.00 mg of 3b as an off-white 
solid: mp 203.5-206.5 "C; 'H NMR (CDC13) 6 5.78 (s, 1, C-4 vinylic 
H), 5.00 (s, 4, OCH20), 3.96 (8, 2, C-21 CH2), 3.78 (s, 3, malonate 
CH3), 3.65 ( 8 ,  3, malonate CH3), 3.23 (dd, 1, CHC02Me, JSa,6' = 

TLC (silica gel) R, 0.34 (97:3 CH2C12/MeOH; mass spectrum, m/z 
(relative intensity) 536 (7), 535 (301,534 (1001,504 (9), 403 (17), 
372 (13), 281 (ll), 267 (12), 265 (12), 251 (12), 241 (14), 240 (24), 
227 (21), 225 (27), 211 (13), 197 (13), 189 (ll), 183 (13), 161 (18), 
158 (25), 145 (22), 133 (26), 129 (18), 121 (la), 105 (31), 91 (41), 
79 (32), 43 (34). Anal. Calcd for C28H38010: 534.2463. Found: 
534.2459. 
6a,&[ (Carbomet hoxy )met hyll- 17a,20,20,2 I-bis( met hy- 

1enedioxy)-1 l@-hydroxy-3-oxopregn-4-ene (4). The dimethyl 
malonate derivative 3b (160 mg, 0.30 mmol) was dissolved in 15 
mL of dry dimethylformamide, and the solution was placed into 
a distillation apparatus under N2 with the receiver dry ice chilled. 
To the solution was added LiI (78 mg, 0.58 mmol). The solution 
was heated at 160 OC for 5 h. After being cooled, the golden brown 
solution was poured onto 30 mL of HC1-acidified ice-CH2C1,. The 
organics were separated, and the aqueous phase was extracted 
with 30 mL of CH2C1% The organics were combined and washed 
with H20 (50 mL), 0.1% NaHC03 (50 mL), H20 (50 mL), and 
brine (50 mL). The organic layer was dried (MgSO,), filtered, 
and concentrated to give 130 mg (91%) of 4 as a white solid: mp 
130 "C (dec 116 "C); 'H NMR (CDC13) 6 5.78 (br 8, 1, C-4 vinylic 
H), 5.02 (s,4, OCH20),4.00 (s, 2, C-21CH21, 3.67 (s, 3,ester CH3, 
1.52 (8, 3, C-19 CHJ, 1.16 (s, 3, C-19 CHJ; TLC (silica gel) R, 
0.56 (955 CH2CI2/MeOH); IR (KBr) 1731 (ester C=O), 1665 
(a,&unsaturated C=O) cm-'; mass spectrum, m/z  (relative in- 
tensity 478 (6), 477 (28), 476 (loo), 446 (6), 428 (6), 404 (7), 339 
(5), 281 (lo), 239 (18), 173 (16), 158 (18), 131 (17), 91 (34), 79 (24), 
43 (23). Anal. Calcd for C26H3608: 476.2409. Found: 476.2412. 
6a,j3-[ (Carbomethoxy)methyl]- 17a,20,20,21-bis(methy- 

1enedioxy)-1 l@-hydroxy-3-oxopregn-4-ene (5). The methyl 
ester 4 (130 mg, 0.281 mmol) was dissolved in 10 mL of 10% 
H20-MeOH, and K2C03 (1.00 g, 7.24 mmol) was added. The 
resulting slurry was stirred at room temperature for 18 h at which 
point H20 (2 mL) was added, and the mixture was warmed to 

13 Hz, JBa,, = 4 Hz), 1.52 (9, 3, C-19 CH3), 1.15 (s, 3, C-18 CH3); 

The reaction of (a-ally1)palladium complexes with hard 
and soft nucleophiles has been well documented by 
Trost.*fi Early attempts to apply this chemistry to a 3-OXO 
4-67 steroid complex gave dienone formation in lieu of 
the substitution p r o d u ~ t . ~ ~ , g  More recently, the  work of 
the  Jackson group has demonstrated the importance of 
solvent in the displacement reaction. For example, ma- 
lonate ion displacement gave the 6-substituted product 
when anhydrous dimethyl sulfoxide was employed as the 
reaction solvent, whereas a low yield of the malonate 
substitution product with concomitant 4,6-dien-3-one 
formation was observed when dimethyl sulfoxide con- 
taining ethanol or methanol was utilized.3k In addition, 
the stereochemistry of the palladation and nucleophilic 
displacement occurred with complete inversion.'ik With 
these data in hand, treatment of the complex 2 with either 
sodium diethyl or dimethyl malonate in anhydrous di- 
methyl sulfoxide at room temperature gave the  corre- 
sponding 6a-malonate esters 3a and 3b in good yields. In 
the  case of 3b, LiI-mediated decarbomethoxylation gave 
the  6-carboxymethyl corticosteroid derivative 4. Hy- 
drolysis of the ester moiety, followed by removal of the 
bis(methy1enedioxy) ether protecting group gave the ep- 
imeric 6-acetic acid derivative 6 (Scheme I). The product 
was characterized by 'H NMR and high-resolution mass 
spectrometry. 

On the basis of the current body of literature, it is clear 
tha t  this methodology could be extended to the prepara- 
tion of other valuable derivatives of corticosteroids. 

Experimental Section 
Melting points were determined on a Fisher-Johns apparatus 

and are uncorrected. TLC plates were developed by spraying with 
phosphomolybdic acid unless otherwise indicated. 'H NMR 
spectra were recorded at  60 MHz on a Varian EM-360L spec- 
trometer, and 13C NMR spectra were recorded at 50.13 MHz on 
a Bruker WP-200SY spectrometer with deuterium lock. In both 
cases, tetramethylsilane was used as internal reference. IR spectra 
were recorded on a Perkin-Elmer 283B spectrophotometer. 
Low-resolution mass spectra were recorded at the North Carolina 
State University GC/MS Facility on a HP-5985B instrument via 
the DIP method, while high-resolution mass spectra were recorded 
at the Research Triangle Institute Mass Spectrometry/Biotech- 
nology Resources Center on a Kratos MS-902 via the DIP method. 
Both high- and low-resolution mass spectra were recorded in the 
E1 mode at 70 eV unless otherwise indicated. Elemental analyses 
were performed by Galbraith Laboratories, Inc., Knoxville, TN. 

Bis( p-chloro) bis[ (4-6-q- 17a,20,20,2 1 -bis (met hylenedi- 
oxy)-1 t8-hydroxy-3-oxopregnenyl)palladium(IZ) J (2). A 
mixture of palladium(I1) chloride (8.87 g, 50.0 mmol) and sodium 
chloride (4.39 g, 75.0 mmol) was heated at  reflux for 3 h in dry 
THF (650 mL) under nitrogen. Cortisol-bis(methy1enedioxy) 
ether (18.57 g, 45.97 "01) was added, and the mixture was heated 
under mild reflux for 47 h. Residual solids were removed by 
filtration through a medium-porosity sintered glass funnel, and 
the filtrate was concentrated in vacuo to give a brown foam. The 
foam was triturated with Et20 (700 mL), and the triturant was 
decanted and concentrated in vacuo to give 4.87 g of starting 
material. The residue that remained following trituration was 
dissolved in 50 mL of CH2C12, and the solution was passed through 
a pad of silica gel (20 g). The pad was washed with 500 mL of 
CH2C12, and the combined washings and filtrate were concentrated 
to a volume of ca. 30 mL, and Et20 (500 mL) was added. The 
resulting bright yellow needles were isolated by vacuum filtration 
to give 4.71 g of 2. An additional 1.32 g of product was isolated 
from the mother liquor upon standing (total 6.03 g, 24%): mp 
208.5-210 "C; lH NMR (CDC13) 6 5.07 ( 8 ,  4, OCH20), 4.54 (m, 

(5) Trost, B. M.; Weber, L.; Streg. P. E.; Fullerton, T.  J.; Dietsche, J. 
T .  J. Am. Chem. SOC. 1978. 100, 3407, 3416.3426. 

(6) The NMR data and stereochemical assignments are in agreement 
with data obtained for similar chemistry performed on cholest-4-en-3-one. 
See ref 3k. 
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40 "C. Potassium hydroxide (50 mg, 0.891 "01) was added, and 
heating continued for 2 h. The mixture was cooled, and the 
volatile5 were removed by rotary evaporation. Water (75 mL) 
was added, and the solution was extracted with 75 mL of CHZClz 
to remove neutrals. The remaining basic aqueous phase was 
acidified to pH 2 (HC1) and was extracted with CHzClz (3 X 75 
mL). The washings were combined, dried (MgS04), filtered and 
concentrated to give 60 mg (46%) of the crude acid 5. The product 
was purified by preparative TLC (Si gel; 200 X 200 X 2 mm) 
eluting with 20% MeOH/CHzC1, and was isolated as a white 
powder: mp 217-224 "C dec; lH NMR (CDC13) 6 5.70 (distorted 
s, 1, C-4 vinylic CH), 5.02 (s,4, OCHzO), 4.47 (m, 1, C-11 H), 4.02 

(silica gel) Rf 0.41 (85:15 CH2Cl2/MeOH, visualized with bro- 
mocresol green); IR (KBr) 3520-3020 (br, C-11 OH and COzH), 
1725 (acid C=O), 1665 (a,@-unsaturated C=O) cm-'; mass 
spectrum, m / z  (relative intensity) 464 (6), 463 (291, 462 (loo), 
444 (12), 432 (45), 414 (23), 396 (7), 384 (9), 344 (17), 326 (ll), 
325 (l l) ,  323 (ll), 319 (13), 316 (lo), 311 (ll), 300 (22), 285 (21), 
281 (18) 267 (15), 265 (15), 253 (16), 241 (24), 239 (45), 225 (24), 
211 (18), 195 (15), 182 (23), 173 (25), 158 (53), 145 (35), 131 (30), 
119 (36), 115 (40), 105 (49), 91 (59), 79 (39), 55 (25). Anal. Calcd 
for C2SH3408: 462.2251. Found: 462.2255. 
Sa,@-[ (Carbomethoxy)methyl]-11@,17a,21-trihydroxy- 

pregn-4-ene-3,20-dione (6). The protected cortisol carboxylic 
acid 5 (99.6 mg, 0.216 mmol) was suspended in 9 mL of 40% 
formic acid, and the mixture was heated at 70 "C under Nz for 
2.5 h. The solution was allowed to cool and was filtered. The 
filtrate was concentrated in vacuo, and the residue was dissolved 
in HzO (50 mL) and the aqueous solution extracted with EtOAc 
(3 X 50 mL). The organics were dried (NaZSO4), filtered, and 
concentrated to give 6 as a waxy solid (84.7 mg, 93%), virtually 
pure based on TLC analysis: 'H NMR (acetone&) 6 5.60 (dis- 
torted s, 1, c-4 vinylic H), 4.70-3.80 (m, 6,11@,17a,21-OH, (2-21 

(silica gel) Rf 0.17 (85:15 CH2C12/MeOH, visualized with bro- 
mocresol green); IR (KBr) 3620-3020 (br, OH, C02H), 1710 (br, 
C-20 C=O, acid C=O), 1650 (a,@-unsaturated C=O); mass 
spectrum (25 eV), m / z  (relative intensity) 420 (3), 402 (ll), 373 
(17), 360 (7 ) ,  327 (20), 309 (8), 281 (16), 267 (14), 239 (15), 225 
(l l) ,  211 (ll), 207 (14), 187 (lo), 183 (lo), 181 ( l l ) ,  173 (13), 161 
(lo), 157 (12), 149 (E), 145 (27), 135 (19), 125 (14), 121 (20), 109 
(25), 98 (33), 97 (47), 85 (40), 83 (63), 71 (49), 57 (66), 55 (61), 44 
(78), 45 (100). Anal (determined for M+ - 18 peak at 70 eV) Calcd 
for C23H3,,O6: 402.2041. Found: 402.2046. 
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The isolation and identification of 1 as a pheromone of 
the mouse Mus musculus, has recently been reported.' 

(1) Weislwer, D. P.; Schwende, F. J.; Carmack, M.; Novotny, M. J. Org. 
Chem. 1984,49, 882. 
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Scheme I .  Synthesis of the Mouse Pheromone 
h H 5  

30% H,O, minor major 
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The constitution of 1 was verified by its conversion to 
exo-brevicomin (2), the aggrevating sex pheromone of the 
pine bark beetle, Dendroctonus brevicomis.  
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2 
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As part of our continuing program into syntheses of 
natural products having the bicyclic ketal structure,2 we 
herein report a simple synthesis of 1 (Scheme I). 

The previously prepared and characterized isomeric 
mixture 33 was treated with phenylselenyl chloride to  in- 
itiate the cyclization of the neighboring alcohol function- 
ality. The resulting 60:40 exo/endo mixture 4 was then 
oxidized with MCPBA to smoothly convert the selenide 
to a mixture of the exo/endo-1. This mixture was reduced 
to  the isomeric brevicomins, thus, verifying the identity 
of the synthetic material. 

Experimental Section 
Preparation of 4-(Phenylseleno)-5-methyl-7-ethyl-6,8-di- 

oxabicyclo[3.2.l]octane. A solution of 3 (8.2 g, 0.053 mol) and 
100 mL of dry methylene chloride was stirred with 20 g of an- 
hydrous KzC03 at -78 "C under N2 To this stirred mixture was 
added, by syringe, phenylselenyl chloride (10 g, 0.052 mol) in 10 
mL of methylene chloride. The resulting orange solution was 
stirred for 4 h at the reduced temperature, after which time it 
was allowed to warm to room temperature and stir for an addi- 
tional 24 h. After this time the reaction mixture was filtered, and 
the filtrate was reduced in volume. The crude reaction product 
was chromatographed (silica gel, 2.5 X 48 cm column, eluted with 
methylene chloride). Removal of the methylene chloride left a 
red oil. This crude product was taken directly to the next step 
without additional purification. 

Oxidation of 4 with Hydrogen Peroxide. In a 125-mL 
Erlynmeyer flask was placed 4 g of 4 and 75 mL of dry THF. Over 
a period of 20 min was added 1.36 mL of 30% HzOz, with external 
cooling to maintain the reaction temperature at 25 "C. After 
4 h of stirring the reaction mixture was poured into 250 mL of 
water, and KzC03 was added to make the pH slightly basic. The 
resulting solution was extracted with three 150-mL portions of 
ether, and the combined extracts were dried over anhydrous 
MgS04. After removal of solvent, the reaction mixture was 
distilled to give two products in the ratio of 3:7, with a boiling 
range of 64-68 "C at 10 mmHg. The minor product 1 was formed 
as an exo/endo mixture (6040), and the exo isomer had spectral 
characteristics (NMR, IR, MS) identical with the product of 
Chaguin et al.* The isomeric 1 was also converted to a 6040 
mixture of the exo- and endo-brevicomins by catalytic hydro- 
genation, thus, further establishing its identity.6 The major 

(2) Mundy, B. P.; Lipkowitz, K. B.; Dirks, G. W. Heterocycles 1977, 
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by the sodium borohydride reduction of the precursor ethyl k e t ~ n e . ~  In 
all of our experiences using this general methodology for the insect 
pheromones, we have been hindered by the inability to provide a clean 
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the desired exo isomer predominating. 
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