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in benzene solution was achieved only with the
coupling constants of opposite signs. The spacings
between the lines shown in Fig. 1 at 241.7 and 243.7
cps. and 221.9 and 220.7 cps. (Fig. 1) were reduced
to 1.4 and 0.1 cps., respectively, at 40 Mc. With
coupling constants of the same sign, the computed
spacings for these lines were 0.8 and 0.9 cps,
respectively.

On the basis of these results, we believe that the
relative signs of Jac and Jpc must be taken as
being indeed different from Jss. Interestingly,
this conclusion could only have been reached by
treatment of the spin system as ABC;, not as the
ABXj; approximation in which a change in the sign
of Jap relative to Jac and Jge does not affect the
theoretical spectrum.

The results can be regarded as disquieting in two
counectious, First, the difference in sign between
the geminal and vicinal H-H couplings runs
counter to the theoretical predictions of Karplus
annd Gutowsky® for substances with normal bond
angles. Second, in analogy with the findings of
Castellano and Waugh!'! for ABC systems, rather
different sets of spin-coupling and chemical-shift
parameters were found to give nearly identical
theoretical spectra for diethyl sulfite in benzene and
cach of these corresponds amazingly well to the
experimental spectrum at 60 Mec. Indeed, the
previously mentioned excellent agreement between
theoretical and experimental spectra obtained for
acetaldehyde diethyl acetal now has been dupli-
cated with »vg — vy = 9.23 cps., vc — va = 146.3
cps., Jac = 9.30 cps. and Jac equal to Jge = 7.03
cps. with Jap opposite in sigu to Jac and Jse.

Clearly, caution and judgment must be exercised
in use of the iterative method of obtaining spin-
spin coupling constants since there seems to be no
assurance that a “final” solution is truly unique.™.!t

Acknowledgment.-—We are deeply indebted to
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STERICALLY CONTROLLED GRIGNARD
REACTIONS. A NEW SIMPLE ROUTE TO
METHYLATED STEROID ANALOGS
Sir:

We wish to report a convenient new synthesis of
17a-methylated steroid derivatives which has made
possible the preparation of highly active proges-
terone homologs. When the readily available
niethyl 38-hvdroxy-17«-methyl-5-etienate (I)! was
refluxed in anisole for one hour in presence of
excess methylimagnesium bromide, the correspond-
ing sterically hindered kefone, 17 a-methylpregnenol-
one II! was obtained in 709, yield. The latter sub-
stance was converted to the known! 17a-methyl-

17a-

(1) PL A. Plattner, H., Heusser, P. Tl Herzig, Helv. Chim. Acta,
32, 270 (1949).
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progesterone by Oppenauer oxidation. Only about
209, of the "normal” product, the corresponding
carbinol 17¢,20-dimethyl-5-pregnene-38,20-diol,
was formed and conveniently separated by chro-
matography.

Analogously, the 5¢,6a epoxide obtained by per-
acetic acid treatment of I, m.p. 170-171°, [a]D
—67.2, gave in similar yields 38,5a-dihydroxy-68,-
17 a-dinitethylpregnan-20-one, m.p. 188-192°, which
was directly oxidized by chromic acid to the 3,20-
dione, n1.p. 230-233°, and converted by nmiethauolic
sodium hydroxide to 6«,17-dimethylprogesterone,
mn.p. 137-140°, [a]p +90.3, Amax 239 my, log € 4.2,
The latter substance, aud the corresponding 6-de-
hydro derivative, m.p. 143-146°, [@]D +87.1, Amax
292 my, log € 4.4, obtained by chloranil dehydro-
genation, were orally at least as active, i1 the Clau-
berg test, as 19-nor-17«-ethvuyltestosterone, and
twenty times more active than 17a-methylpro-
gesterone.

NoTE ADpDED 1IN Proor.—,17-Dimethyl-6-dehydroproges-
terone is as active orally as 6a-methyl-17-acetoxyproges-
terone. It is devoid of any androgenic properties.

Treatment of I with ethylmagnesium iodide in
anisole gave 17¢,21-dimethylpregnenoclone I1I,
m.p. 145-148°, with no detectable amount of car-
binol being formed. Oppenauer oxidation gave
17«,21-dimethyvlprogesterone, m.p. 157-139°, [«]|D
4+107.7, Amax 241 my, log € 4.22 in 709, over-all
yield. Further transformations of these methylated
steroids together with a report on their 6-halogen-
ated derivatives® will be presented iu a more detailed
paper.

(2) All rotations in 177 cliloroform solution. All new compounds
liad satisfactory elemental analysis. We are indebted to Dr. G.
Papineau-Couture and his associates for the analytical data and to

Drs. C. Chappel and C. Revesz for the bioassays.
(3) Prepared by Dr. Y. Lefebvrc of these laboratories.
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INERTIAL EFFECTS OF SUBSTITUENTS ON
HOT ATOM CAPTURE!
Siv:

Hot hydrogen atoms can replace hydrogen and
other atoms and groups with high collision effi-
ciency.? The course of these reactions has been
shown to be largely controlled by steric factors.?
However certain results, particularly on alkyl re-
placement, have not found explanation. This
letter reports a remarkable new effect in the hot
hydrogen displacement of halogen atoms front

(1) Studies supported by the U. S. Atomic Energy Commission,
Contribution No. 1681 from the Sterling Chemistry Laboratory.

(2) D. Urch and R. Wolfgang, J. dm. Chem. Soc., 83, 2982 (1961).
This paper contains references to the earlier literature.
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halomethanes. Its interpretation involves recog-
nition of factors that appear to control hot atom
substitution of heavy atoms and groups.

High kinetic energy (hot) hydrogen in the form
of tritium recoiling from the He?(n,p)T nuclear
process was allowed to react with the various
fluoro-, chloro- and bromomethanes. The tech-
niques of carrying out such reaction, the suppression
of competing thermal processes and the analysis of
the tritium-containing products have been described
previously.?

The most significant results on the fluoro-meth-
ane series are summarized in the table. While
replacement of F by T is quite probable in CH;F, it
is much less so in CHyF;, and almost non-existent
in CHF; and in CFs. By contrast replacement of
H by T changes much less within this series. Ex-
actly parallel trends appear in the chloro- and bro-
momethanes.

TasLe I

SINGLE AToM DisPLACEMENT BY HoT TRITIUM IN FLUORO-

METHAXNES

React- Displacement of H Displacement of F

ing Yield/ Yield/
fluoro- Yield, C-H Yield, C-F
carbon Product To* bond Product o bond
CH, CH;T 2800 7.0 ... . ..
CH;F CH,FT 12.7 4.2 CH;T 5.3 5.3
CH,F. CHF.T 5.8 2.9 CHS,FT 1.6 0.8
CHF, CF,T 2.9 2.9 CHF,T 0.7 0.2
CFy ... CF;T 0.3 0.1

¢ Relative to total T reacting.

This phenomenon may be understood by con-
sidering the reactive collision in detail. Hot hy-
drogen displacement of a hydrogen atom has been
discussed previously: The impinging hot atom
approaches in a direction approximately normal to
the C-H bond and. on collision. ejects the bound
hydrogen with a velocity comparable to that of its
own approach. It can thus occupy the same posi-
tion held by the ejected atom and be bound by the
existing orbital (see Fig. 1, AI-AIII). Variations
in probability of C-H bond displacement (as in
Table I) can be accounted for on the hasis of steric
hindrance to approach by neighboring atoms or
groups.?

A model of hot hydrogen displacenient of a fluo-
rine atom cannot be as simple. The hot atom ap-
proaching the C-F bond at an approximately nor-
mal angle can on collision break it, largely by dis-
placing the binding electrons, thus greatly weakening
the bond. and also by imparting a major fraction of
its momentum to the fluorine. However, the coni-
paratively large inertial mass of the fluorine causes
it to move out only slowly, thus preventing the inci-
dent hydrogen from immedidtely occupying its
position in space (see Fig. 1, BI-BII). As a result,
the hot hydrogen will be far off the tetrahedral
angle for sp® binding and is only very weakly bound
to the carbon. It would therefore tend to recoil
from this position of high potential energy and be
captured by the fluorine or escape as a free atom.
The C-T bond can, however, be strengthened and
the tritium retained as the whole molecule turns,
thus reestablishing tetrahedral binding.® Such

(3) Contrary to a possible intuitive impression, significant rotation
of the CHs "away” from the tritium is not induced by the collision
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Fig. 1.—Effect of substituent mass on orbital availability
for hot atom capture: results of hot hydrogen attack on
substituted methanes. The length of the arrows represents
relative velocity. Possible capture by the fluorine atom is
ot indicated.

rotation must be completed in the order of 10—
sec.—the time required for a 1 e.v. T atom to move
1 A. The corresponding rotational energy of a CHj
group is a few e.v.—an energy that becomes avail-
able by forming a strong C-T bond. Actually this
rotation also can be described as a restoring bending
motion of the CH; relative to the T. A coupling
mechanism for inducing rapid rotation therefore
exists and the T atom can be captured on fluorine
displacement in CH;F (see Fig. 1, BIII).* This is
confirmed by the data.

By contrast if the residual group has heavy sub-
stituents in addition to that being displaced its
much greater moment of inertia will preclude rapid
rotation to strengthen the C-T bond (see Fig. 1,
CI-CIII). Such rotation would require of the
order of tens of e.v. and there is no efficient mech-
anism of providing this much energy. As a result
attack on a C-F bond in CH;F,;, CHF; and CFy is
unlikely to result in capture of the hot atom by the
fluoromethyl group. The low efficiency of halogen
displacement in all polysubstituted methanes thus
follows naturally.

The model formulated provides an explanation of
the earlier and unexplained observation? that recoil
tritium attack on a C-C bond invariably results in
the favored capture of the hot hydrogen by the
simpler radical. Thus neopentane yields eight
times as much CH;T as (CH;);CT.? On rupture of
the C-C bond the smaller group can rotate mmore
rapidly to establish a strong bond and is thus
favored in the competition for capture of the hot
atom. A critical experiment was carried out on
H;C-CF; to test this hypothesis as against two

itself, If in colliding with the C-F boud, a 5 e.v. T atom yields half its
momentum to the carbon, the C atom thus acguircs approximately
0.3 e.v. Nearly all this energy is translational, less than 0.1 e.v.
being in rotation about the center of mass of the CHs This is in-
significant on the time scale of the collision and negligible compared
to the restoring bending force if a C-T bond is formed.

(4) The tritium atom (Fig. Bl, 2) will also tend to insert by directly
pushing apart the C and F atoms. This vibrational stretching relaxa-
tion is too slow to be very effective; the inertial effects are therefore
considered to be primarily, though not purely, rotational.
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others.? An explanation based on steric obstruc-
tion would predict a ratio CH;T/CF;T smaller than
that of CH;T/C(CHj;)sT from neopentane; and one
based on bond strength would predict that CH;T/
CF;T be unity since the strengths of the CHz-T
and CF—T bonds are virtually equal. The experi-
ments showed a ratio CH;T/CF;T in excess of
twenty, confirming the present model.
Competition for capture of the hot atom is thus
controlled by the same factor in attack on both C-C
and C-X bonds: The availability of a strong bond-
ing orbital within the time of collision, where this is
governed by the inertia of the substituents on the
central atoms. This principle should be completely
general for hot atom reactions biut has no counter-
part in thermal processes.
STERLING CHEMISTRY LABORATORY

YALE UNIVERSITY ROBERT ODUM
NeEw Haven, CONNECTICUT RICHARD WOLFGANG

RECEBIVED SEPTEMBER 16, 1961

«~-HALOALCOHOLS
Sir:

We wish to report the first preparation and ¢sole-
tion of certain a-haloalcohols in pure form, and to
describe some studies of hydrogen bonding in
these systems. Hexafluorocyclobutanone (I), an

X
F. 0 F,———OH
+ HX —
F, F F, F,
I 1
Tla, X=F

IId, X=1
F

11f, X=O—DF2
F Fz

2

extraordinarily reactive ketone,!® reacts rapidly at
low temperatures with hydrogen halides' to give
the distillable a-haloalcohols ITa-IId in high yields.
Thus, equimolar quantities of I and hydrogen
fluoride were condensed in an evacuated Monel
vessel at —195° After allowing the mixture to
warm to --20°, distillation in a nitrogen atmos-
phere through a thoroughly dry glass column gave a
75% yield of heptafluorocyclobutanol (Ila), b.p.
57-58° (some dec.); b.p. 6° (85 mm.}; Found: C,
24,6, 24.6; H, 0.7, 0.7; infrared O-H stretching
absorption at 3550 and 3450 cm.—! (shoulder);
H! n.m.r, singlet at 5.52 = (internal reference).
IIa reacts vigorously and quantitatively with water
to liberate HF and form hexafluorocyclobutanone
hydrate (IIe),! also accessible vz the addition of
water to I. When two equivalents of I were com-
bined with one equivalent of hydrogen fluoride as
described above, an 809, yield of the hemiketal IIf,
b.p. —21° (0.05 mm.), was obtained. 4nal. Found:
C, 25.7; H, 0.5; F, 65.6; infrared O-H stretching
absorption at 3570 (sharp) and 3340 cm.!

(1) (a) D. C. England, J. Am. Chem. Soc., 88, 2205 (1981). (b)

S. Andreades and D. C. England, Abstracts, 140th Meeting of the
American Chemical Society, September, 1661, p. 14-M.
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(shoulder). Reaction of I1Ia with ketene occurs ex-
othermically to give 249, of heptafluorocyclobutyl
acetate (ITIa), b.p. 99-101°. A#nal. Found: C, 30.1;
H, 1.4;F, 55.2.

X X (”)
F, OH F, OCCH;
+ CH,=C=0 -—
Fg 2 F2 FZ
ITa-11d IIIa, X = F, IlIlc, X = Br
IIIb, X = (], IIId, X =1

In a similar manner, the alcohols 1Ib--1I1d were
prepared by the addition of the appropriate hydro-
gen halide to I in 73-909, yields and these alcohols
were converted to the corresponding acetate ITIb-
IIId in 38-81Y, yields. Consistent elemental analy-
ses, infrared, F¥ and H! n.m.r. spectra were ob-
tained for all of the products described.?

In the absence of moisture, all of the alcohols were
reasonably stable on storage except IId which
slowly liberated iodine. At elevated temperatures,
the equilibrium becomes unfavorable and the alco-
hols revert to some extent to ketone and hydrogen
halide. This is a particular problem with IIa in
glass apparatus since prolonged heating will con-
sume HF (shifting the equilibrium to the left) and
reaction of HF with glass produces water which
also attacks the alcohol.

Ketones and hydrogen halides ordinarily do not
give stable addition compounds.®* Vorlinder ob-
tained some unstable ketone-hydrogen halide com-
plexes® but the presence or absence of alcohol or
ketone functions in these materials was not es-
tablished. In general, 1,1-halohydrins cannot be
isolated in pure form because of the rapid establish-
ment of the addition-elimination equilibrium.®
For example, 2-chloro-2-propanol cannot be iso-
lated from an acetone—HCI mixture® although 1:1
and 1:2 acetone: HF nondescript complexes were
reported in 1883.5

Previous attempts to prepare perfluorinated «-
fluoroalcohols have been unsuccessful,’® although
one example of an a-fluoroalcohol, monofluoro-
methanol, has been reported.®

Neither ring strain factors nor fluorine substitu-
tion adjacent to the carbonyl function, alone, can
account for the stability of these «-haloalcohols
relative to the ketones since neither o-fluorocyclo-

(2) Difficulties were encountered in obtaining good analytical values
for 1IId. These data will appear in a future publication.

(3) D. Vorlinder, 4nn., 341, 15 (1905).

(4) W. Hiickel, '"Theoretical Principles of Organic Chemistry,”
Vol. I, Elsevier Publishing Co., New York, N. Y., 1855, p. 582.

(3) D, J. Cram and G. 8. Hammond, ** Organic Chemistry,"
Graw—Hill Book Co., Inc.,, New VYork, N. Y., 1959, p. 269.

(6) M. Londolf, Bull. Soc. Chim., 40, 302 (1883).

(7) (a) J. Banus, H. J. Emeleus and R. N, Haszeldine, J. Chem. Soc.,
60 (1951). For example, attempts to prepare the primary CF:OH
from CFil produced fluoroform: CFsl + KOH — CFiH + KOI
(b) R. N. Haszeldine and H. J. Emeleus, Research, 1, 715 (1948). (c)
R. N. Haszeldine and A, G. Sharpe, ** Fluorine and Its Compounds,”
Methuen and Co., Ltd., London, 1951, p. 92. (d) W. H. Pearlson in
J. H. Simouns, ** Fluorine Chemistry," Vol. I, Academic Press, Inc., New
VYork, N, Y., 1950, p. 483,

(8) A. M. Lovelace, D. A. Rausch and W. Postelnek, '* Aliphatic
Fluorine Compounds,’ Reinhold Publisling Corp., New York, N. V.,
1958, p. 137.

(9) Gy. Olah and A. Pavlath, Acta. Chim. Acad. Sci., Hungary, 8,
203 (1953), report a reduction in ether

FCOOEt + LiAlH, —> FCH,OH

Me-



