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0.30 mmol of substrate, 6 ml of 2,2,2-trifluoroethanol, 3 
mmol of trifluoroacetic acid, 0° , 3 h, which afforded, after 
preparative TLC, a 66% yield of crystalline tetracyclic ma
terial 2 (R = CH 3 ) 5 shown by VPC to be a 9:91 mixture of 
17a-17/3 epimers. Recrystallization from hexane gave the 
pure 17/? form, mp 118.5-119.50.9 The N M R signal for the 
C-18 methyl appeared at 8 0.61 ppm. The total crude tetra
cyclic fraction (see above) showed no detectable angular 
methyl absorption in the 0.7 ppm region where the C-18 
methyl resonance of the 11/3 isomer should occur (see 
below); hence it is concluded that, at most, only a trace 
amount of the racemic form of the 11/3-isomer was formed. 
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The constitution of the 119° tetracyclic product was es
tablished by its conversion,4 via ozonolysis followed by cy-
clodehydration of the resulting trione 11 (R = CH3) ,5 into 
racemic lla-methylprogesterone, 12 (R = CH3) .5 Dry col
umn chromatography over basic alumina afforded, in 41% 
overall yield, a mixture of 17a and 17/3 epimers in a ratio of 
18:82 as determined by VPC. Crystallization from metha
nol yielded the pure racemic 17/3 isomer 12,5 mp 162-
163°,9 the constitution of which was established unequivo
cally by single-crystal x-ray diffraction analysis performed 
by Shenvi and Hodgson.13 This substance was clearly dif
ferent from the known14 11/3-methylprogesterone. In partic
ular the N M R signal for the C-18 methyl of the 11/3 isomer 
appeared downfield at 5 0.76 ppm (due to shielding by the 
axial 11/3 methyl group) compared with 5 0.68 ppm for the 
1 l a isomer. 

The failure to detect any of the 11/3-isomer 3 (R = 
CH 3 ) 5 in the cyclization of 1 (R = CH 3) must mean that 
the activation energy for its formation is significantly high
er than for the reaction to produce the lla-epimer. This 
difference may be due, in part, to the nonbonded interac
tion, in the transition state for formation of the 11/3-isomer, 
between the methyl groups attached to pro-C-11 and pro-
C-10 (and also, possibly, pro-C-13) of 1 (R = CH 3 ) . Inso
far as the geometry of the transition states for the cycliza
tion resembles products 3 (R = CH3) and 2 (R = CH3) , 
these methyl groups have 1,3-diaxial relationships in the 
former, but not in the latter, series. 

Since cyclization of racemic 1 (R = CH3)5 gives a single 
distereomer, it follows that if this substrate were obtained 
in a pure enantiomeric form, the tetracyclic product would 
also be enantiomerically pure.is Thus the process involves 
essentially total asymmetric synthesis induced by the pro-
C-11 chiral center. 
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A Stereospecific Total Synthesis of Racemic 
l la-Hydroxy progesterone via a Biomimetie Polyene 
Cyclization1 

Sir: 

For several years we have been exploring the possibility 
of synthesizing an 11-oxy steroid via the cyclization of a po-
lyenic substrate having an oxygen substituent at pro-C-11, 
e.g., substance 1. After many failures,2 we concluded that 
the resistance to cyclization was probably the result of one 
or more of the following: (a) steric hindrance due to the 
substituent at pro-C-11, (b) attenuation of the nucleophili-
city of the disubstituted olefinic bond by the inductive effect 
of the allylic oxygen, and (c) premature destruction of this 
allylic system by the acidic cyclization conditions. In order 
to simplify the problem, our attention was turned to a study 
of the cyclization of substrates in which the pro-C-11 posi
tion was substituted by a hydrocarbon residue, e.g., a meth
yl group.'3 Although the introduction of such substituents 
resulted in attenuation of the rate of cyclization (due to ste
ric hindrance), nevertheless over 60% yields of tetracyclic 
products could be obtained under appropriately modified 
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conditions. We were, therefore, prompted to reexamine the 
pro-C-11 -oxy system with the view of exploring the use of 
the newer and more strenuous cyclization conditions. The 
present communication discloses the successful stereospecif-
ic cyclization, I 3 -* 2,3 and the conversion of the latter sub
stance into racemic lla-hydroxyprogesterone, 13,3 the 
(+)-enantiomer of which is a key intermediate in the com
mercial production of hydrocortisone acetate.4 

Substrate 1 was produced by a convergent synthesis, the 
key step being the addition of the lithium salt of the acety
lene 8 to aldehyde 6 to give the propargylic alcohol 9. The 
aldehyde 6 was prepared as outlined in Scheme I. Thus the 
known enynol 3,5 derived (61% yield) from 3-pentynylmag-
nesium bromide and methacrolein, was allowed to interact 
with thionyl chloride, under conditions known to induce the 
stereoselective SNi' reaction,6 to give after distillation7 at 
70-80° (0.7 mm) an 87% yield8 of the allylic chloride 49 

contaminated with about 11% of the unrearranged secon
dary allylic chloride as shown by VPC analysis. Although 
these isomers could be separated by fractional distillation, 
we found conditions whereby 2-lithiodithiane reacted pref
erentially with the primary halide, giving on chromatogra
phy (silica gel) recovered secondary chloride and an 85% 
yield of the thioacetal 5.10 Distillation7 at 140° (0.05 mm) 
gave a sample9 which was 98% pure by VPC. Hydrolysis" 
of the chromatographed thioacetal gave the crude aldehyde 
69a in 99% yield. Since this product was quite sensitive to 
rearrangement to the a,/? unsaturated isomer, it was used 
directly without purification. 

The acetylene 8 was produced as outlined in Scheme II. 
The diketal chloride 7 was prepared12 by a method analo
gous to that described for the corresponding bromide.6 Thus 
alkylation of methylfuran with l-bromo-3-chloropropane 
followed by ethylene glycolysis, gave 7,9 after distillation at 
120-125° (0.10 mm), in 74% overall yield from methylfu
ran. This material was used to alkylate lithium acetylide-
ethylenediamine complex (2 mol equiv) in Me2SO ( I h , 
25°) giving, after chromatography on silica gel, an 86% 
yield of the acetylene 8 (homogeneous by VPC).12 Distilla
tion at 120° (0.05 mm) gave an analytical specimen of 8.9 

As outlined in Scheme III, the convergent step was per
formed by treating the acetylene 8 in dimethoxyethane with 
1 mol equiv of n-butyllithium in hexane followed by 0.9 mol 

Scheme III 
l .n-BuU 

"2 mol equiv of LiAlH4 in THF, reflux 4 h. *Ac20, C5H5N, 16 h, 
25°; acetone, H2O, TsOH, 76 h, 25°; 5:3 MeOH:5% NaOH, 5 h, 70°. 
CAc2O and C5HnN, to give acetate of 2; 1:1 MeOH: CH2Q2, -78°, 
excess O3; Zn, HOAc 0-25°, 4 h. ^MeOH-H2O, KOH, N2, 1 h, 25°; 
2 h, 70°. 

equiv of the aldehyde at —20 to 25°. Chromatography of 
the product on alumina gave substance 9 in 95% yield.93-13 

Rechromatography on silica gel followed by distillation7 at 
186° (0.01 mm) gave an analytical sample of 9.° The crude 
propargylic alcohol 9 was reduced with lithium aluminum 
hydride in T H F to give, after chromatography on alumina, 
the trans allylic alcohol 109a '14 in 90% yield. Rechromato
graphy on silica gel followed by distillation7 at 195° (0.025 
mm) gave an analytical sample of 10.9 Substance 10 was 
acetylated, then treated5 so as to effect (a) hydrolysis of the 
ketal residues and (b) cyclodehydration of the resulting 
1,4-dione system (with concomitant saponification of the 
acetate group). Thus the hydroxy enone l l 9 a was isolated, 
after chromatography on silica gel, in 95%13 overall- yield 
from crude 10. Rechromatography and distillation7 at 180° 
(0.01 mm) gave an analytical sample of l l . 9 Treatment of 
the enone 11 with methyllithium in ether gave the trienyn-
diol 1 which, being quite unstable, was submitted directly to 
cyclization without purification. 

The diol 1' proved to be significantly less susceptible to 
cyclization than the pro-C-11 methyl analogue.13 After 
considerable experimentation conditions were found for 
producing the tetracyclic product 2,3 as a mixture of 17a 
and 17(3 epimers, in 29-35% yield.15 In a typical experi
ment, a solution of crude substrate 1 (derived from 300 mg 
of enone 11) in 14 ml of 2,2,2-trifluoroethanol at 0°, was 
added to a solution of 19 ml of trifluoroacetic acid in 40 ml 
of trifluoroethanol, and the mixture was then stirred at 25° 
for 42 h. After treatment with aqueous potassium hydrox
ide, the crude product was distilled7 at 210° (6 /u) affording 
185 mg of volatile material which was chromatographed on 
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silica gel. Trituration of the fraction enriched in the 17 0 
isomer with hexane gave 62 mg of pure substance 2,3 mp 
133-134°.9 The remaining fraction of tetracyclic material 
(30 mg) consisted of a mixture of 17a and 17/J epimers. 
Both epimers could be used for the succeeding steps of the 
synthesis. The failure to detect any ll/S-hydroxy tetracyclic 
product indicates a stereochemical behavior like that ob
served in the 11-methyl series.la The stereoselectivity of the 
cyclization portends well for obtaining a single optically ac
tive cyclization product from enantiomerically pure sub
strate.16 

The 17/3 epimer 23 was acetylated (pure acetate, mp 
108-110°9), then submitted to ozonolysis5 to give the 
trione 12,3 followed by cyclodehydration.5 The alkaline con
ditions of this last step effected saponification of the acetate 
and equilibration at C-17 giving, after chromatography on 
silica gel, an 84% yield8,13 of racemic lla-hydroxyproges-
terone 133 admixed with its 17a epimer (ratio ca. 76:24 by 
VPC). Crystallization from methanol gave the 17/3 form, 
mp 190-1960.9 The NMR, solution ir, mass spectrum, and 
VPC (coinjection) behavior were identical with the corre
sponding properties of authentic (-t-)-lla-hydroxyproges-
terone. 

Thus a total synthesis of racemic lla-hydroxyprogester-
one has been achieved in ca. 15% overall yield in 16 steps 
from simple compounds. This represents approximately a 
7% overall (22 steps) yield of ("racemic") hydrocortisone 
acetate.4 Our synthesis may be compared with a well-
known17 total synthesis, which leads to optically active cor
tisone in " 1 % overall yield in 27 steps." 18 
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Determination of Signs of Long-Range Carbon-Carbon 
Coupling Constants. The SPT-Difference 
Spectroscopy Method 

Sir: 

In a recent investigation on correlations between long-
range 13C-13C, 13C-1H, and 1H-1H NMR spin-spin cou
plings in geometrically equivalent systems, Marshall et al.1 

synthesized a tri-13C-labeled methyl tetrolate (15-step 
scheme) in order to determine the signs of the 13C-13C cou
pling constants involving the labeled sites using double or 
triple resonance techniques. Although the preparation of 
multiply 13C-labeled compounds is both tedious and expen
sive, it was indicated that such multiple labeling work is 
being extended to other compounds for determination of 
signs of Jcc and JCC/JQH- We wish to demonstrate that 
the signs of 13C-13C couplings may often be obtained most 
conveniently from mono- 13C-labeled compounds2 using 
various 13C-J1Hj double resonance techniques. For small 
molecules, such as methyl [l-13C]tetrolate (1), with first-
order 1H and 13C spectra both (1) the selective population 
transfer (SPT) method3 and (2) the off-resonance (selec
tive) proton decoupling technique4 are useful whereas for 
second-order systems method 2 is in general preferable.5 

H3C—C=C—CO2CH3 
5 4 3 2 1 6 7 

1 

The methyl tetrolate 1, enriched with >90% 13C at posi
tion Cl only and synthesized in three steps from propyne 
and >90% 13C-enriched barium carbonate, serves to illus
trate the determination of signs of 13C-13C couplings from 
monolabeled compounds. Magnitudes of the 13C-13C and 
13C-1H couplings were obtained from first-order analysis 
of the proton decoupled and/or coupled 13C spectra.6 

The signs of 'Jci-C2, 2Jc\-C3, and 3/Ci-C4 (127.5, 20.28, 
and 1.90 Hz, respectively) were all determined relative to 
that of 4Jo-HS using 13C-J1Hj SPT experiments;3 i.e., se
lective SPT x pulses were applied to transitions in the H5 
proton region (corresponding to definite spin states for car
bon Cl) prior to observing the C2, C3, and C4 spectra, re
spectively. For all three cases Jc\-cx {X = 2, 3, and 4) and 
4-^ci-H5 were found to be of opposite sign. The determina
tion of 27c3-ci * 4^ci-H5 < 0 from the C3 spectrum (dou
blets of quartets, |2/c3-ci| = 20.28 Hz and \2JCI-HS\ = 
10.74 Hz) is illustrated in Figure 1. Application of selective 
•K pulses to the high frequency transition in the 13C3-H5 
proton satellite spectrum (doublet of doublets, |27C3-HS| = 
10.74 Hz and I4JcI-HsI = 1-96 Hz) gives rise to emission 
and enhanced absorption within the low frequency quartet 
of the C3 spectrum (Figure lb). The same effects are ob
served in the high frequency quartet when the gated pertur
bation is applied at 2.0 Hz lower frequency (Figure Ic). 
Thus2./c3-ci XVC i -H5<0. 
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