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Reactions of. a-Ketolls and Other 21-Hydroxy Steroids with Phosgene. IV. 
Formation of 2O-Chloro-17,20-cyclic Carbonates from 17a-Hydroxy-20-ones1 

Marvin L. Ilewbart2 

Depar tment  of Medicine, Jefferson Medica l  College, Philadelphia, Pennsylvania 19107 

Receiued M a y  14,1975 

Reaction of 17-hydroxy-20-oxopregnenes and the homologous 21-norpregnenes w i t h  excess phosgene in meth- 
ylene chloride-pyridine (condition C) affords chiefly 20~-chloro-17,20a-cyclic carbonates. The  epimeric 20a- 
chloro-17,20~-cyclic carbonates are minor  products. Configurational assignments a t  C-20 were based pr imar i ly  on 
optical rotatory properties. Unl ike 20~-chloro-20,21-cyclic carbonates, the new isomeric chlorocarbonates do  no t  
undergo dehydrohalogenation in h o t  pyr id ine or acetone-sodium iodide-triethylamine. However, treatment of 
chlorocarbonates 9a. 2a, and 4a w i t h  zinc in acetic acid gave the corresponding A20*21-17,20-cyclic carbonates 21, 
22, and 23 in modest yields. Simi lar  reaction of the C-21-unsubstituted derivatives 7a and l l a  furnished the cor- 
responding 200-acetates 26a and 25a. Chlorocarbonates of the lat ter  type were converted in ref luxing methanol  t o  
a n  epimeric mixture of 20-methoxy-17,20-cyclic carbonates (27a,b and 28a,b). Ac id hydrolysis of the 21-acetates 
9a and 10a gave the respective 21-01s 29a and 30a in good yield together with smaller amounts o f  the 17-0-carbo- 
methoxy-21-acetates 31 and 32. The  stabil ity of the 17,2O-cyclic carbonate ring t o  acidic reagents was also i l lus- 
t rated by the oxidation in chromic anhydride-acetic acid o f  the 21-01 30a t o  the 21-oic acid, obtained as the meth- 
yl ester 36a. 

In the second paper of this series3 we reported that reac- Scheme I). Unpublished experiments a t  that time showed 
tion of 17-deoxy-a-ketols in pyridine with excess phosgene that hindered tertiary a-ketols such as cortisone acetate 
at 00 (condition B) affords chiefly an epimeric mixture of are not affected by these heterogeneous reaction condi- 
~~-~~ lo r0 -20 ,21 -cyc l i c  carbonates (partial formula a, tions, and can be recovered in nearly quantitative yields. 
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However, more recent investigations have shown that 17a- 
hydroxy-20-ones variously substituted a t  (2-21 (partial for- 
mula b) react slowly with excess phosgene a t  room temper- 
ature under homogeneous conditions achieved by the addi- 
tion of excess methylene chloride (condition C), giving 
20~-chloro-17,20-cyclic carbonates (partial formula c). Be- 
cause the A4-3-keto grouping possessed by all compounds 
studied is also attacked under these more strenuous condi- 
tions, protection of ring A was a necessary preliminary. In 
this paper will be presented the preparation and properties 
of a number of cyclic chlorocarbonates from both pregnene 
and 21-norpregnene precursors. 

Phosgenation of 11-deoxycortisol acetate 3-ethylene 
ketal (1 ,  Scheme 11) by condition C followed by fractional 
crystallization and column chromatography on silica gel in 
toluene-ethyl acetate furnished epimeric mobile minor and 
polar major cyclic chlorocarbonates (2a,b). Structural as- 
signments were based primarily on positive Beilstein tests 
and infrared spectroscopy which showed replacement of 
hydroxyl and 20-ketone absorption by a very strong band 
in the vicinity of 1825 cm-l and a medium band near 775 
cm-I (see Table I for constants). Application of condition 
C to  cortisone acetate 3-ethylene ketal (3) provided, after 
chromatography, the mobile and polar epimeric chlorocar- 
bonates 4a,b. The corresponding C-21-unsubstituted a- 
ketols were also subjected to homogeneous phosgenation. 
The 11-deoxy analogue 54 gave a major cyclic chlorocarbo- 
nate (7a) in good yield. The minor epimer 7b could be ob- 
tained only as the deketalization product 11 b. Preparation 
of 7b by ketalization of l l b  was unsuccessful because of 
significant concomitant dehydrohalogenation to the A20v21- 
17,2O-cyclic carbonate (vide infra). The 11-keto analogue 66 
afforded cyclic chlorocarbonate 8a in good yield, The minor 
epimer 8b could not be recovered in pure form either as the 
3-ethylene ketal or as the A4-3-ketone 12b. Deketalization 
of cyclic chlorocarbonates 2a, 2b, 4a, 4b, 7a, and Sa with 
p -TSA in acetone furnished the corresponding A4-3-ke- 
tones 9a, 9b, loa, lob, l la ,  and 12a in high yields. 

The 3-ethylene ketals of two 17~-formyl-17a-ols (13 and 
14, Scheme 111), prepared by buffered periodate oxidation 
of the Corresponding 20/3-glycerols, were also phosgenated 
under condition C. The 11-deoxy precursor gave mobile 
and polar epimeric cyclic chlorocarbonates (15a,b); from 
the 11-ketone 14 the corresponding derivatives (16a,b) 
were recovered in roughly equal yields. It is therefore evi- 
dent from the examples given that the greater the size of 
the terminal group attached to the C-20 carbonyl the great- 
er the stereospecificity in cyclic chlorocarbonate formation. 
It was later determined that where the terminal group is a 
proton, as in the 17/3-formyl-17a-ols, phosgenation under 
the more mild condition B proceeds readily, obviating the 
need for protection of ring A. Thus such treatment of the 
11-ketone 17 gave, in yields of 41 and 31%, the epimeric 
mobile and polar chlorocarbonates 19a and 19b. These 
compounds were identical with the deketalization products 
from 16a and 16b. Similar phosgenation of the 11-deoxy al- 
dehyde 18 afforded an epimeric mixture (20a,b) which, un- 
like the corresponding 3-ethylene ketals, could not be sepa- 
rated by either fractional crystallization or column chroma- 
tography. The pure epimers 20a and 20b could be obtained 
by deketalization of 15a and 15b. 

Scheme I1 
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The chemical properties of the new cyclic chlorocarbo- 
nates were investigated. In the pregnene series studies were 
limited to  the major products which on the basis of evi- 
dence given below were assigned 20@-chloro- 17,20a-cyciic 
chlorocarbonate structures. Unlike 2Q6-chloro-20,2P-cgrclic 
chlorocarbonates, which readily undergo dehydrohdogena- 
tion during silica gel chromatography, in hot pyridine, or in 
acetone-sodium iodide-triethylamine? the new cyclic chlo. 
rocarbonates including the 21-norpregnenes are completely 
unaffected by these reagents. Reaction with zinc in acetic 
acid was also studied since this reagent had previously been 
found to bring about both reductive ring opening and di- 
rect substitution of acetate for chloride a t  C-20 in 206- 
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chloro-20,21-cyclic  carbonate^.^ Treatment of the 11- 
deoxy-21-acetate 9a for 3.5 hr on a high-speed rotary shak- 
er a t  room temperature resulted in nearly complete conver- 
sion of substrate to a single more mobile uv-positive prod- 
uct as well as a number of very mobile uv-negative sub- 
stances. The latter products presumably arise from reduc- 
tion in ring A. Fractional crystallization and column chro- 
matography afforded in 38% yield a Beilstein-negative, five 
membered ring cyclic carbonate with new olefinic bands in 
the infrared a t  3145 and 1685 emm1. Similar treatment of 
the 3-ethylene ketal 2a furnished the corresponding unsat- 
urated cyclic carbonate in 36% yield as well as ll-deoxycor- 
ticosterone acetate 3-ethylene ketal (11%). The identity of 
the dehydrohalogenation products as the Azo~21-17,20-cyclic 
carbonates 21 and 22 was confirmed by NMR spectroscopy, 
which demonstrated an unusually large geminal coupling 
constant (3.8-3.9 Hz) for the terminal methylene protons. 
Published exampless lie in a range of from 0 to 3 Hz with 
values of 1.0-2.0 Hz being the most common. Since the cou- 
pling constant is related to the magnitude of the H-C-H 
bond angle, it must be concluded that this angle is consid- 
erably displaced in 17,2O-cyclic  carbonate^.^ Reaction of 
the 11-ketone 4a with zinc in acetic acid afforded the 
Azo~21-17,20-cyc1ic carbonate 23 in 39% yield. Deketaliza- 
tion of 23 with acetone-p-TSA gave the A4-3-one 24 in 87% 
yield. 

The reaction of C-21-unsubstituted cyclic chlorocarbo- 
nates with zinc in acetic acid was found to be slower and 
more complex. Treatment of the 17-hydroxyprogesterone 
derivative 1 la for 6 hr provided in low yields progesterone, 
17-hydroxyprogesterone, and the A20~21-17,20-cyclic car- 
bonate 21. Infrared analysis of the Beilstein-negative major 
product (30%) showed retention of the cyclic carbonate ring 
and generation of new bands a t  1760 and 1240 cm-l. On 
the basis of these properties and functional group analysis, 
which indicated the presence of one acetyl group, the prod- 
uct was formulated as the 20~-acetyl-17,20a-cyclic carbon- 
ate 25a. When the reaction was applied to the chlorocarbo- 
nate 3-ketal 7a, the 2Op-acetate 26a was obtained only as a 
minor product (11%). The major product (54%) was proges- 
terone 3-ethylene ketal. This quantitative difference be- 
tween the reaction mixtures obtained from cyclic chloro- 
carbonates differing only in ring A substituents suggests 

the operation of long-range effects. Similar effects were 
also evident when the 11-ketone 8a was treated with zinc in 
acetic acid. The major component of the reaction mixture 
was starting material (74%), and the only isolable product 
was 11-ketoprogesterone $ethylene ketal (13%). It was also 
found that despite minimal steric hindrance the corre- 
sponding 21-norpregnenes 19a and 19b were not affected 
by zinc in acetic acid. 

In the course of these studies it was noted that  some cy- 
clic chlorocarbonates were adversely affected in hot metha- 
nol. In confirmation, prolonged refluxing of the C-21-un- 
substituted derivatives in this solvent resulted in their 
complete conversion to Beilstein-negative products. A 
minor product (22%) in the reaction of the 11-deoxy com- 
pound lla is the A20~21-17,20-cyclic carbonate 21. The 
major components (78%) were shown by NMR analysis to 
be an epimeric mixture of 20-methoxy-17,20-cyclic carbon- 
ates (27a,b). Repeated crystallization permitted recovery of 
pure 27b in a yield of 58%. Similar reaction of the 11-keto 
chlorocarbonate 12a furnished a more complex mixture 
from which the pure 20-methoxy-l7,20-cyclic carbonates 
28a and 28b could be isolated in modest yields. Unlike 
their C-21-unsubstituted counterparts, the 21-acetates 9a 
and loa were unaffected by refluxing methanol as were the 
aldehyde derivatives 19a,b and 20a,b. 

The unusual stability to acidic reagents of linear and cy- 
clic carbonate bonds illustrated in earlier papers was exem- 
plified in the present study by acid hydrolysis of the 21- 
acetates 9a and 10a to the corresponding 21-01s 29a and 
30a in yields of 62 and 63%, respectively. Following acetyla- 
tion of the mother liquors a significant by-product could be 
isolated in each case. Because both camylate (O-carbome- 
thoxy) and acetate bands were present in their infrared 
spectra, the substances were formulated as the 17-camy- 
lates 31 and 32 (Scheme IV). Acid hydrolysis of the l l -ke-  
tone 32 afforded the 17-camylate-21-0133, the structure of 
which was established by reacetylation to 32. The availabil- 
ity of 32 and 33 made possible the testing of an hypothesis 
presented in an earlier publicationlo relating to the mecha- 
nism responsible for conversion in refluxing methanol of 
cortisone 17,21-cyclic carbonate to the 2OP-methoxy- 
17,20a-cyclic carbonate 34a. Cyclization to 34a was be- 
lieved to proceed via the 17-camylate 33 by a four center 
type mechanism. However, this assumption was not con- 
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Table II 
MD Contributions of 20-Substituted 17,20-Cyclic Carbonates 

MD Terminal 
Compd Ring A (B) c-11 c-20 group 20a 204 M D ~ - P  
15a,b 
20a,b 
16a,b 
19a,b 

7a 
l l a , b  

8a 
12a 

2a,b 
9a,b 

29a 
4a, b 

10a,b 
30a 
26a 
25a 
27b 
28a,b 
36a 

A 5-3- ke t a1 
A4-3-one 
As-3-ketal 
A4-3-one 
A5-3-ketal 
A4-3-one 
As-3-ketal 
A4-3-one 
A5-3-ketal 
A4-3-one 
A4-3-one 
A 5-3- ke t a1 
A4-3-one 
A4-3-one 
As-3-ketal 
A4-3-one 
A4-3-one 
A4-3-one 
A4-3-one 
A4-3-one 

A4-3-one 
A4-3-one 

firmed experimentally since the 21-acetate 32 was not af- 
fected by refluxing methanol and the 21-01 33 underwent 
transcamylation to  the known 21-0-carbomethoxy deriva- 
tive 35. It therefore follows that  methoxy cyclic carbonate 
formation must proceed by a more concerted mechanism. 

Resistance of the 17,2O-cyclic chlorocarbonate ring to  
strong oxidizing agents was demonstrated by conversion of 
the 21-01 30a with chromic anhydride in acetic acid to the 
21-oic acid. Treatment of the crude acidic fraction with di- 
azomethane followed by column chromatography gave the 
methyl ester 36a in low yield. 

Configurational assignments at C-20 for the new pairs of 
cyclic chlorocarbonates were based chiefly on their optical 
rotatory properties. As shown in Table 11, the major, polar 
epimers are considerably more levorotatory than their 
minor, mobile counterparts. The MD differences (a+ -378 
to  -592 units) are of the same order of magnitude pre- 
viously notedl1 for cyclic carbonates derived from 17,20- 
diols (a-@ -283 to  -430 units). The absolute values of the 
appropriate major, polar products are also in general agree- 
ment with those of the 20~-methoxy-17,20a-cyclic carbon- 
ates derived from cortisone 17,21-cyclic carbonate.1° For 
these reasons the major, polar products and their halogen- 
free derivatives have been assigned a 17,20a-cyclocarbonyl- 
dioxy configuration, and the minor, mobile epimers accord- 
ingly are formulated as  17,2O@-cyclic carbonates. 

Additional, although limited, support for these configu- 
rational assignments was also obtained from the NMR 
data. Marked deshielding of 18-CH3 signals (approximately 
6 1.0) was evident for both epimeric cyclic chlorocarbo- 
nates, indicating the presence of a strongly perturbing side- 
chain substituent. However, a significant downfield shift of 
the C-12 protons from the C-H envelope was noted only in 
the case of 20~-chloro-17,20a-cyclic carbonates. This effect 
is most likely due to  the greater proximity to  ring C of the 
substituent at C-21 in 17,20a-cyclic carbonates as is readily 
apparent from inspection of Dreiding models. 

Experimental Section 
General experimental procedures are detailed in a previous 

paper.l0 Unless otherwise indicated column chromatography was 
carried out on silica gel with appropriate mixtures of isooctane and 
ethyl acetate. Phosgenation under condition C: to a solution of ste- 

H 
H 
H 
H 
CH3 
CH3 
CH3 
CH3 
CH,OAc 
CH,OAc 
CH,OH 
CH,OAc 
CH,OAc 
CH,OH 
CH3 
CH3 
CH3 
CH3 
COOCH, 
CH,OH 
CH,OAc 
COOH 
COOCH, 

-529 
-3 2 
-430 
+290 
-590 

-57 
-474 
-232 
-4 50 

+61 
+21 

-342 
+346 
+350 
-8 1 

+421 

+281 
+280 
+376 
+389 
+441 
+509 

+3 
+523 

+95 
+870 

+535 

+6 
+574 

+36 
+810 

+4 50 
+728 

-532 
-555 
-525 
-580 

-592 

-456 
-51 3 

-378 
-464 

-447 

roid (400 mg) in pyridine (5 ml) and methylene chloride (20 ml) 
was added a 12.5% solution of phosgene in benzene (2 ml). After 4 
hr at room temperature ice and additional methylene chloride (20 
ml) were added. The solution was washed successively with cold, 
dilute hydrochloric acid and water, filtered through anhydrous so- 
dium sulfate, and concentrated to dryness in vacuo. 

Reaction of 17,20a-Cyclocarbonyldioxy-2O~-chloro-21-ace- 
toxypregn-5-en-3-one 3-Ethylene Ketal (2a) with Zinc in Ace- 
tic Acid. To a solution of the chlorocarbonate (600 mg) in 3:l ace- 
tic acid-methylene chloride (24 ml) was added 1200 mg of pow- 
dered zinc. The mixture was agitated on a high-speed rotary shak- 
er for 6 hr. The insoluble material was filtered off and washed with 
methylene chloride. The filtrates were combined and washed suc- 
cessively with cold, dilute sodium hydroxide and water. The reac- 
tion mixture was chromatographed on a silica gel column. Crystal- 
lization of the mobile product from ethyl acetate furnished 173 mg 
of 17,20-cyclocarbonyldioxypregna-6,20(21)-dien-3-one 3-eth- 
ylene ketal (22) as prisms: mp 232-233'; [a]D 21.4'; vmsl 3149, 
1835 (1815), 1682, and 772 (A20~21-17,20-cyclic carbonate), 1100 
cm-' (ketal). 

Anal. Calcd for C24H3206: C, 71.97; H, 8.05. Found: C, 71.84; H, 
8.06. 

The polar product crystallized from ethyl acetate as prisms (57 
mg, 11%): mp 205-208O. The infrared spectrum was identical with 
that of 11-deoxycorticosterone acetate 3-ethylene ketal. 

Reaction of 17,20a-Cyclocarbonyldioxy-2O~-chloro-2l-ace- 
toxypregn-4-en-3-one (sa) with Zinc in Acetic Acid. Treat- 
ment of the chlorocarbonate (300 mg) in 12 ml of 3:l acetic acid- 
methylene chloride with 600 mg of powded zinc was carried out for 
3.5 hr as in the reaction of 2a. Direct crystallization and silica gel 
column chromatography provided 17,20-cyclocarbonyldioxy- 
pregna-4,20(21)-dien-3-one (21) in a total yield of 88 mg: mp 
177-178O; Amax 240 nm (t 17200); urn- 3145, 1820, 1685 (sh), and 
771 cm-1 (A20*21-cyclic carbonate); NMR 6 9.11 (s, 3,18-CH3), 8.80 

Anal. Calcd for CzzHz&4: C, 74.12; H, 7.91. Found C, 74.33; H, 
7.98. 
17,20-Cyclocarbonyldioxypregna-5,20(2l)-diene-~,1l-dione 

3-Ethylene Ketal (23) from 4a. Treatment of 17,20a-cyclocar- 
bonyldioxy-20~-chloro-21-acetoxypregn-5-ene-3,ll-dione 3-ethyl- 
ene ketal (600 mg) with zinc in acetic acid was carried out as in the 
preparation of 22. Silica gel chromatography and crystallization 
from ethyl acetate-isooctane gave 215 mg of prisms: mp 178-179O; 
[ a ] D  49.0°; umax 3150, 1830, 1682, and 770 (Azo*21-cyclic carbonate), 
1100 cm-' (ketal). 

Anal. Calcd for C24H3006: C, 69.54; H, 7.30. Found: C, 69.43; H, 
7.39. 

Treatment of 23 (50 mg) with acetone-p-TSA in the usual man- 
ner furnished 17,20-cyclocarbonyldioxypregna-4,20(21)-diene- 
3,ll-dione (24) as prisms (39 mg) from ethyl acetate: mp 232- 

( ~ , 3 ,  19-C&), 5.59,5.04 (d, 2, J = 3.8 Hz, 21-CHz=). 
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234'; [ a ] D  256'; A,,, 237 nm (e 15900); vmax 3149, 1820, and 760 
(A2021-cyclic carbonate), 1705 cm-' (11-ketone); NMR 6 9.14 (9, 3, 
18-CHx). 8.58 (9, 3, 19-CH3), 7.66, 7.43 (d, 2, J = 15 Hz, 12-CHz), 
5.57,4.97 ( d , 2 , j  = 3.9 Hz, 21-CHz=). 

Anal. Calcd for C22H2605: C, 71.33; H, 7.08. Found: C, 71.19; H, 
7.19. 

Reaction of 17,20a-CyclocarbonyIdioxy-2O@-chloropregn- 
4-en-3-one ( l la)  with Zinc in Acetic Acid. Treatment of the 
chlorocarbonate (300 mg) for 6 hr as in the reaction of 2a followed 
by chromatography of the reaction mixture gave a number of iden- 
tifiable products. The most mobile component (8.2 mg) crystal- 
lized from ethanol as prisms, mp 127-129'. It was identical in all 
respects with a reference sample of progesterone. The next more 
mobile component was obtained as needles (3.3 mg) from acetone- 
n-hexane, mp 185-187'. The infrared spectrum was identical with 
that of the A20p21-cyclic carbonate 21. From the succeeding fraction 
was obtained 33 mg of material which was shown by infrared anal- 
ysis to be a mixture of 17-hydroxyprogesterone and starting mate- 
rial. The last and major fraction furnished 17,20a-cyclocarbonyl- 
dioxy-20@-acetoxypregn-4-en-3-one (25a) as prisms (94 mg) 
from ethyl acetate: mp 185-187'; [ a ] D  101'; A,,, 239 nm (e 16900); 
vmax 1820 and 780 (cyclic carbonate), 1760 and 1230 cm-l (ace- 
tate); NMR 6 8.97 (s, 3, 18-CH3), 8.82 (9, 3, 19-CH3), 8.01 (8, 3, 

Anal. Calcd for C24H3206: C, 69.21; H, 7.75; CHsCO, 10.33. 
Found C, 69.16; H, 7.68; CHsCO, 10.01. 

Reaction of 17,20a-Cyclocarbonyldioxy-2O@-chloropregn- 
5-en-3-one 3-Ethylene Ketal (7a) with Zinc in Acetic Acid. 
Treatment of the chlorocarbonate ketal (500 mg) for 5 hr as in the 
reaction of 2a was followed by chromatography. The mobile prod- 
uct, pregn-5-ene-3,20-dione 3-ethylene ketal, crystallized from 
ethyl acetate-n-hexane as long needles (160 mg, mp 171.5-173.5'; 
60 mg, mp 170.5-172') in a yield of 54%. Deketalization of a sam- 
ple in acetone-p-TSA afforded prisms (acetone-n-hexane), mp 
128-130°, which were identical in all respects with a reference 
sample of progesterone. 

Crystallization of the polar fraction from ethyl acetate gave 
17,20a-cyclocarbonyldioxy-2O@-acetoxypregn-5-en-3-one 3- 
ethylene ketal (26a) as rosettes (60 mg, mp 166-169'): [a]D 
-17.6'; urn,, 182% and 779 (cyclic carbonate), 1765 and 1230 (ace- 
tate), 1103 cm-' (ketal). 

Anal. Calcd for C26H3607: C, 67.80; H, 7.88. Found C, 67.58; H, 
8.00. 

Reaction of 17,20a-Cyclocarbonyldioxy-2O@-chloropregn- 
4-en-3-one (l la) with Refluxing Methanol. A solution of the 
chlorocarbonate (300 mg) in methanol (30 ml) containing 0.8 ml of 
pyridine was refluxed for 4 hr. The residue was chromatographed 
on a silica gel column. From the mobile fraction was obtained 59 
mg (22%) of the A20s21-cyclic carbonate 21, mp 191-193'. The 
crude polar fraction (230 mg, 78%) was shown by NMR to be an 
epimeric mixture of 2O-methoxy-l7,20-cyclic carbonates (27a,b). 
Several crystallizations from methanol furnished pure 27b (173 
mg) as plates: mp 232-235'; [a]D 116'; Amax 240 nm ( e  16900); vmax 
1805 and 780 (cyclic carbonate), 1290 cm-' (methoxyl); NMR 6 

3,2001-CH30). 

C, 71.23; H, 8.38; CH30, 8.08. 

CH3), 8.38 ( ~ , 3 ,  21-C&), 6.61 ( ~ , 3 ,  20@-CH30). 

CH&O), 7.92 (9, 3, 21-CH3). 

9.08 (8 ,  3, 18-CHg), 8.82 (s, 3, 19-CH3), 8.34 (8, 3, 21-CH3), 6.56 (s, 

Anal. Calcd for C23H3206: C, 71.10; H, 8.30; CH30, 7.99. Found: 

NMR for 27a component: 6 9.10 (9, 3, 18-CH3), 8.82 (9, 3, 19- 

Reaction of 17,20a-CyclocarbonyIdioxy-2O@-chloropregn- 
4-ene-3,ll-dione (12a) with Refluxing Methanol. The chloro- 
carbonate (300 mg) was treated for 22 hr as in the reaction of lla. 
The residue was chromatographed on a silica gel column. Crystalli- 
zation of the mobile fraction (250 mg) from ethyl acetate-isooc- 
tane gave 105 mg of 17,20~-cyclocarbonyldioxy-2Oa-methoxy- 
pregn-4-ene-3,ll-dione (28b) as needles: mp 188-191O; [ a ] ~  
181'; Am, 238 nm (e 15800); vm, 1800 and 780 (cyclic carbonate), 
1290 (methoxyl), 1702 cm-' (11-ketone); NMR 6 9.12 (s, 3, 18- 

Anal. Calcd for C23H3006: C, 68.63; H, 7.51; CH30, 7.71. Found 
C, 68.80; H, 7.65; C:H30, 7.51. 

From the polar fraction (50 mg) was obtained 21 mg of 17,20a- 
cyclocarbonyldioxy-20&methoxypregn-4-ene-3,11 -dione 
(28a) as platelets from methanol: mp 250-253'; [a]D 70.0'; A,, 
238 nm (e 15900); v,,, 1802 and 780 (cyclic carbonate), 1290 
(methoxyl), 1705 cm-' (11-ketone); NMR 6 9.13 (8, 3, l8-CH3), 

Anal. Calcd for C23H3006: C, 68.63; H, 7.51; CH30, 7.71. Found: 

CH3), 8.59 ( ~ , 3 ,  19-CH3), 8.36 ( ~ , 3 ,  21-CHs), 6.54 ( ~ , 3 ,  2001-CH30). 

8.60 (8,  3,19-C&), 8.38 (9, 3,21-CH3), 6.60 (8,  3, 208-CH3O). 

C, 68.84; H, 7.45; CHs0,7.42. 
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Reaction of 17,20a-Cyclocarbonyldioxy-2O@-chloro-21-ace- 
toxypregn-4-en-3-one (9a) with Methanolic Hydrochloric 
Acid. To a solution of the chlorocarbonate (1 g) in methylene chlo- 
ride (50 ml) and methanol (850 ml) was added (without external 
cooling) water (100 ml) and concentrated hydrochloric acid (200 
ml). After 2.5 hr at room temperature methylene chloride (750 ml) 
was added, and the organic layer was washed successively with 
cold, dilute sodium hydroxide and water, then concentrated to 
dryness. Several crystallizations from ethyl acetate provided 560 
mg of 17,20a-cyclocarbonyldioxy-2O@-chloro-2l-hydroxy- 
pregn-4-en-3-one (29a) as rosettes: mp 182-183' dec; [ a ] D  5.06'; 
A,, 241 nm ( e  16200); vmar 3440 (hydroxyl), 1825 and 771 cm-l 
(cyclic chlorocarbonate). 

Anal. Calcd for C22H2eOsCE C, 64.62; H, 7.15. Found: C, 64.83; 
H, 7.19. 

The mother liquor residue was treated with excess acetic anhy- 
dride-pyridine for 18 hr. Silica gel chromatography of the reaction 
mixture resulted in partial separation of two components. From 
the earlier fractions was obtained 10 mg of 17-0-carbomethoxy- 
21-acetoxypregn-4-ene-3,20-dione (31) as platelets from metha- 
nok mp 220-222'; [ a ] D  90.6'; A,,, 241 nm (e 15800); vmax 1750, 
1292, and 792 (camylate), 1745 and 1230 cm-' (acetate). 

Anal. Calcd for C26H3407: C, 67.24; H, 7.67. Found: C, 67.18; H, 
7.59. 

Reaction of 17,20a-Cyclocarbonyldioxy-2O@-chloro-21-ace- 
toxypregn-4-ene-3,ll-dione (loa) with Methanolic Hydro- 
chloric Acid. Treatment of the chlorocarbonate (1.5 g) in meth- 
ylene chloride (75 ml) and methanol (1500 mi) with water (150 mi) 
and concentrated hydrochloric acid (300 ml) for 2.5 hr was carried 
out as in the reaction of 9a. Successive crystallizations from ethyl 
acetate and methanol gave 1710 mg of 17,20a-cyclocarbonyldi- 
oxy-20~-chloro-21-hydroxypregn-4-ene-3,ll-dione (30a) as ro- 
settes: mp 205-207'; [a]D 82.8'; A,,, 238 nm (e 15500); vmal 3440 
(hydroxyl), 1828 and 767 (cyclic chlorocarbonate), 1705 cm-' (11- 
ketone). 

Anal. Calcd for C~2H2706Ck C, 62.48; H, 6.44. Found: C, 62.59; 
H, 6.47. 

Treatment of 30a with acetic anhydride-pyridine afforded a 
product identical in all respects with starting material (loa). 

Acetylation of the mother liquor residue from 30a and two crys- 
tallizations of the product from methanol furnished 500 mg (24%) 
of 17-0-carbomethoxy-21-acetoxypregn-4-ene-3,11,20-trione 
(32) as needles: mp 234-236'; [ a ] D  148'; A,, 238 nm (e 15500); 
urnax 1745,1290, and 790 (camylate), 1745 and 1232 (acetate), 1710 
(sh), and 1705 cm-' (11- and 20-ketone). 

Anal. Calcd for C25H320~: C, 65.20; H, 7.01; CH30, 6.74. Found: 

Treatment of the 21-acetate 32 (200 mg) in methylene chloride 
(5 ml) and methanol (85 ml) with water (10 ml) and concentrated 
hydrochloric acid (20 ml) for 4 hr was followed by the usual work- 
up. The reaction mixture was chromatographed on a Celite column 
(30% impregnation) in chloroform-isooctane-formamide (500:500 
30). From the mobile fraction was obtained 135 mg (74%) of 17- 
0-carbomethoxy-2 1 -hydroxypregn-4-ene-3,11 ,$O-trione (33) 
as an amorphous foam: [a]D 123'; v,,, 3450 (hydroxyl), 1745,1295, 
and 793 (camylate), 1708 cm-l (11- and 20-ketone). From the 
polar fraction was recovered 30 mg (16%) of 21-0-carbomethoxy- 
17-hydroxypregn-4-ene-3,11,2O-trione (35) as needles from 
methanol, mp 222-224'. A mixture melting point with a reference 
samplelo showed no depression and their ir spectra were identical. 

35 from 33. A sample (10 mg) of the 17-0-camylate was refluxed 
in methanol for 18 hr. Concentration of the solution gave 8 mg of 
prismatic needles, mp 224-225', identical in all respects with the 
21-0-camylate 35. 

Methyl 17,20a-Cyclocarbonyldioxy-20@-chloro-3,1 l-dioxo- 
pregn-4-en-21-oate (36a) from 30a. To a solution of 17,2001-c~- 
clocarbonyldioxy-20~-chloro-21-hydroxypregn-4-ene-3,~ 1-dione 
(106 mg, 0.25 mmol) in acetic acid (4.75 ml) was added 100 mg (1 
mmol) of chromic anhydride in water (0.25 ml). After 4 days at 
room temperature the solvent was evaporated and the residue was 
partitioned between ethyl acetate and dilute sodium bicarbonate 
solution. Acidification of the aqueous layer with hydrochloric acid 
and extraction with ethyl acetate furnished the crude acidic frac- 
tion (68 mg). Successive treatment with excess diazomethane and 
silica gel column chromatography gave the methyl ester 36a (19 
mg) as leaflets from methanol: mp 214-215'; [a]D 62.1'; X 238 nm 
( e  15500); urnax 1835 and 785 (cyclic chlorocarbonate), 1765 and 
1285 (carbomethoxy), 1710 cm-l (11-ketone); NMR 6 8.91 (8, 3, 

6.05 (8, 3, CH30). 

C, 65.44; H, 7.11; CH30,6.59. 

18-CH3), 8.58 (9, 3, 19-CH3), 7.16, 6.99 (d, 2, J 14 Hz, 12-CH2), 
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Anal. Calcd for C23H2707Ck C, 61.26; H, 6.04. Found: C, 61.12; 
H, 5.97. 

R e g i s t r y  No.-2a, 57015-41-5; 2b, 57015-42-6; 4a, 57015-43-7; 
4b, 57015-44-8; 7a, 57015-45-9; Sa, 57015-46-0; 9a, 57015-47-1; 9b, 
57015-48-2; loa, 57015-49-3; lob, 57015-50-6; l la, 57015-51-7; 1 lb, 
57015-52-8; 12a, 57015-53-9; 15a, 57015-54-0; 15b, 57015-55-1; 16a, 
57015-56-2; 16b. 57015-57-3; 19a, 57015-58-4; 19b, 57015-59-5; 20a, 

57015-64-2; 24, 57015-65-3; 25a, 57015-66-4; 26a, 57031-28-4; 27a, 
57015-67-5; 27b, 57015-68-6; 28a, 57015-69-7; 28b, 57015-70-0; 29a, 
57015-71-1; 30a, 57015-72-2; 31, 57015-73-3; 32, 57015-74-4; 33, 
57015-75-5; 35,36623-21-9; 36a, 57015-76-6; phosgene, 75-44-5. 

57015-60-8; 20b, 57015-61-9; 21, 57015-62-0; 22, 57015-63-1; 23, 
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Condensation of 2,3-O-isopropylidene-5-O-trityl-D-ribofuranosyl chloride (3) w i t h  the silver acetylide o f  meth- 
y l  (or ethyl) propiolate 4a (or 4b) gives fair yields o f  the  0-D-ribofuranosyl propiolate Sa (or 5b). 1,3-Dipolar cy- 
cloaddition o f  Sa w i th  t r imethyls i ly l  azide gives direct ly the deblocked 1,2,3-triazole ester 7 which on  treatment 
w i t h  methanolic ammonia affords amide 8. 1,3-Dipolar cycloaddition of 5a (or 5b) w i t h  diazomethane gives the 
fully blocked 4-ribosylated pyrazole ester 9a (or 9b) in good yields along w i t h  the  N - m e t h y l  derivative 10a (or 
lob). Compound 9a (or 9b) can be readily deblocked to  the  corresponding 4-ribosylpyrazole ester 13a (or 13b) or 
treated w i t h  ammonia t o  give the blocked pyrazole amide 11. A similar cycloaddition reaction of Sa w i t h  e thy l  di- 
azoacetate (15) affords the  4-ribofuranosylpyrazole-3,5-dicarboxylat 16 as the  major product and some 3-ribofu- 
ranosylpyrazole-4,5-dicarboxylate 17. These two products have been unequivocally ident i f ied by comparing them 
w i th  the products (16 and 19) obtained f rom the  cycloaddition reaction of 5b with methy l  diazoacetate (18). 

A relatively new group of naturally occurring nucleo- 
sides2 exhibiting important biological activities has been 
isolated recently. They are the C-nucleoside antibiotics 
formycin, formycin B, showdomycin, and pyrazomycin. 
Also belonging to this class of compounds is the most re- 
cently isolated oxazinomycin,3 a close analogue of pseu- 
douridine.4 All, except pseudouridine, possess antibiotic 
properties and many exhibit anticancer and antiviral ac- 
tivities. These biological properties, together with their 
unique structural feature (a C-C linkage between the het- 
erocycle and the sugar), have elicited many efforts directed 
toward the synthesis of such compounds or analogues 
thereof. 

The methods described for the synthesis of C nucleosides 
can be classified into three general types. The first involves 
the conversion of some available C nucleosides to prepare 
new ones. 6-Azapseudouridine, for example, has been syn- 
thesized5 from pseudouridine. Oxazinomycin has been con- 
verted to pseud~uridine~~ and formycin has been obtained 
from formycin B.6 The second approach, direct condensa- 
tion of suitably blocked sugar derivatives with appropriate 
heterocyclic bases (usually as metalated derivatives), has 
been utilized for the preparation of pseudouridine' or some 
of its sugar analogues: 5-ribosylcytosineg and l-deazauri- 
dine.1° The third and most fruitful approach to date has 
been the multistep elaboration of the desired heterocycle 


