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and weigh’’ technique. A 5 ft X 0.25 in. 15% XF-1150 on 60/80
Chromosorb W column gave overall satisfactory separation of the
major products except for the insertion products (2, 3, and 4)
which gave a broad, long-retention peak. However, a 5 ft X
0.25 in. 109 QF-1 on 60/80 Chromosorb W was needed to
achieve good separation of 5 from 6.

Products 5 and 6 were identified by comparison of retention
times with those of and coinjection with authentic samples.
Products 1, 2, 3, and 4 were identified by collection from the gas
chromatograph and comparison of nmr and ir spectra with pub-
lished data.? To obtain calibration factors to correct for differ-
ences in detector sensitivity, it was assumed that products 1, 2, 3,
and 4 (isomers) have the same sensitivity. The relative ratios
given are therefore corrected for the differences in detector sensi-
tivity for 6 and 5 and 1, 2, 3, and 4.

2655-26-7;
(Me),Si,
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Radical addition reactions of alcohols to double
bonds have been reported to be carried out using rad-
ical initiators,?2—° ultraviolet light,?»4—# and radiation
techniques.?

Although the radiation-induced addition of alcohol to
ordinary olefins has been described to give both telo-
meric products and 1:1 adduct,® the reaction with a
relatively stable substrate such as halogeno olefin is
known to produce mainly 1:1 adduct® ¢ in good yield.
The photochemical addition of alcohols to a,S-unsat-
urated acid derivatives in the presence of a sensitizer
was reported to yield y-butyrolactones by Schenck?d
and Pfau,?—¢ but the analogous radiation-induced re-
action has not been known. Consequently, as a part
of our studies on organic synthesis by means of radia~
tion-induced reactions, y-ray and ultraviolet-induced
addition reactions to «,8-unsaturated acids and esters,*
which seem to be considerably stable to y radiation,*®
were studied.

Irradiation of ethyl crotonate (la) or crotonic acid
(1b) in an excess of alcohol with ®Co v rays gave the
corresponding 3-methyl-4-alkyl substituted vy-butyro-
lactones (4), small amounts of telomeric products of
crotonate (5, 6) and polymeric products.
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G. O. Schenek, G. Koltzenburg, and H. Grossmann, Angew. Chem., 69, 177
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CH,CH==CHCO,R + RR,CHOH
la,R=Et 2a—g
b,R=H
CH,CHCH.CO,R CH,;CH,CHCO,R CH,CHCH,CO.R
+
R;R,COH CH;CHCH,CO.R CH;CHCH,CO,R
3 5 6
CH,
N
Rz/ \O/ \0
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2a,R, =R, =H e, R, =CH;R,=CH,
b,R,=CH;R,=H f R,=R,=C,H;
¢, R;=R, = CH, g R =CH;Ry=H

d, R1 = C2H5;R2= H

The yield of lactones and conversion of ethyl cro-
tonate in the radiation-induced addition reactions are
summarized in Table I. The formation of y-butyro-

Tasre I

RADpIATION-INDUCED ADDITION OF ALCOHOL
170 ETHYL CROTONATE®

Conversion?:¢ Yield,?¢ %

Alcohol of la, % 4 5 6
Methanol 68 1 Trace Trace
Ethanol 96 164 1 0.5
2-Propanol 97 54 4 2
1-Propanol 94 ge 3 2
2-Butanol 95 187 3 1
3-Pentanol 95 10 2 3
Benzyl aleohol 45 230 0 0

o Trradiation time, 72 hr; dose rate, 0.9-1.0 X 108 r/hr; molar
ratio of alcohol to ethyl crotonate, 15.  Based on ethyl crotonate
employed. -¢ By glpc analysis. 2 Trans:cis, 4:5. ° Trans:ecis,
2:3. 7 Trans and cis isomers were not separated in glpe analysis.
¢ Trans:cis, 2:1.

lactone (4) seems to proceed through a radical chain
mechanism initiated by an a-hydroxyalkyl radical.
This js supported by the fact that the reaction was re-
tarded by the addition of a radical scavenger.

It is of interest that a considerable amount of cis
lactone was obtained from the reaction of crotonate
with ethanol, 1-propanol, and benzyl alcohol. 2-Bu-
tanol also produced trans- and cis lactones, but their
relative ratio could not be determined by glpe analysis.
The formation of two isomeric lactones may well be the
result of alternate approaches of the hydroxyalkyl rad-
ical to the double bond of ethyl crotonate. For ex-
ample, if the hydroxyalkyl radical attacks the carbon-
carbon double bond as shown in A, and the resulting
intermediate radical abstracts hydrogen from alcohol,
the cis isomer would be obtained. The attack of hy-
droxyalkyl radical as depicted in B would give rise to
the trans isomer. Although the predominance of cis
isomer in ethanol and 1-propanol, and trans isomer in
benzyl alcohol, has not been adequately explained, it
may well be due to the relative degree of steric inter-
action in pathways A and B. Similar isomeric ratios
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were also reported by Fukunishi, ef al., in a radical-
initiated addition of alcohols to maleic acid esters.
Precise studies on these problems are currently under
investigation in our laboratory.

Photochemical addition of alecohols to frans-ethyl
crotonate (la) in the presence of benzophenone as sen-
sitizer produced ~-butyrolactones (4), cis-ethyl cro-
tonate (7), ethyl 3-butenoate (8), polymer, and other
products. Compounds 7 and 8 are known photochem-
ical isomerization products of frans-ethyl crotonate.
Conversions of ethyl crotonate and yields of 4, 7, and
8 from irradiation in a quartz tube are listed in Table
IT. It was previously shown by us that photochemical

TasLe 1T

PHOTOCHEMICAL ADDITION OF ALCOHOL T0 ETHYL CROTONATE
1N 4 QuarTz TUBE®

Conversion?:¢ Yield,?¢ 9
Alcohol of la, % 4 7 8
Methanol 59 1 18 3
Ethanol 86 44 10 16
2-Propanol 90 12 14 11
1-Propanol 88 4 14 13

@ A reaction mixture of ethyl crotonate (10 mmol), aleohol (40
mmol), and benzophenone (1.2 mmol) was externally irradiated
in a quartz tube for 50 hr with a 500-W high-pressure mercury
vapor lamp. P Based on ethyl crotonate employed. ¢ By glpe
analysis. ¢ Trans:cis, 4:5. ¢ Trans:cis, 4:5.

isomerization to 8,y isomer is not observed when an
aleoholic solution of ethyl crotonate is irradiated with
Pyrex-filtered light (>300 mu).®4 Thus, in order to
avoid side reactions, reaction mixtures sealed in Pyrex
tubes were irradiated with a high-pressure mercury
vapor lamp (Table III),

The isomeric ratio of {rans- and cis-y-butyrolactones
obtained from the photochemical reaction with ethanol
and 1-propanol was almost identical with that from the
radiation-induced addition reaction, even though cis—

(5) K. Fukunishi, M. S8uzuka, and F. Mashio, Reprint of the 23th Annual
Meeting of the Chemical Society of Japan, Vol. IIL, 1970, p 1667.

(8) (a) M. J. Jorgenson, Chem. Commun., 137 (1965); (b) P. J. Kropp,
and H. J. Xrauss, J. Org. Chem., 82, 3222 (1867); (c) R. R. Rando and W.

von E. Doering, 1bid., 88, 1671 (1968); (d) M. Itoh, M. Tokuda, K. Se-
guchi, K. Taniguchi, and A. Buzuki, Kogyo Kagaku Zasshi, T3, 219 (1969).

NotEs

Tasre III
PHOTOCHEMICAL ADDITION OF ALCOHOL To ETHYL
CROTONATE IN A PYREX TUBE®

Conversion®'® —=Yield,?¢ -

of 1a, % 4 7
Methanol 24 1 20
Ethanol 56 14 11
2~-Propanol 83 12 5
1-Propanol 75 5e 7
2-Butanol 98 227 Trace
3-Pentanol 78 9
Benzyl alcohol 23 6/ 12

¢ A reaction mixture of ethyl crotonate (1.5 mmol), aleohol (60
mmol), and benzophenone (0.18 mmol) was externally irradiated
in a Pyrex tube for 72 hr with a 500-W high-pressure mercury
vapor lamp. ® Based on ethyl crotonate employed. ¢ By glpe
analysis. ¢ Trans:cis, 4:5. ¢ Trans:cis, 4:5. 7 Trans:cis, not
determined.

trans isomerization of ethyl crotonate was observed in
the photochemical addition reaction. This might be
explained by the fact that, since trans olefins are more
reactive to a radical than cis isomers,” trans-ethyl
crotonate would be attacked predominantly by the
hydroxyalkyl radical, even if photochemical cis-trans
isomerization should oceur.

Experimental Section

Gas-liquid chromatographic analyses were carried out with a
Yanagimoto Model GCG-550 and a Hitachi KGL-2A utilizing
a capillary column. For preparative glpec a Wilkens Autoprep
700 was used. Infrared spectra were obtained with a Hitachi
EPI-G22 and nuclear magnetic resonance spectra were measured
with a Nihon Denshi 3H-80 (tetramethylsilane as the internal
standard). Mass spectra were obtained with a Hitachi RMU-
6E. Quantitative glpc analyses were carried out using an
internal standard. All melting points and boiling points were
uncorrected.

All reagents were distilled or recrystallized before use.
3-pentanol was prepared from ethylmagnesium bromide and pro-
pionaldehyde and dried over calcilum oxide. Benzyl alcohol
was purified by distillation. Ethyl crotonate was prepared by
esterification of crotonic acid.

General Procedure for Radiation-Induced Addition.—A mix-
ture of crotonic acid or ethyl crotonate and excess alcohol was
repeatedly evacuated to ca. 1 mm in Dry Ice-trichloroethylene.
The sample, sealed in a Pyrex tube, was irradiated with v rays in
a ¥Co cavity source at room temperature. The dose rate was
approximately 0.9-1.0 X 10¢ r/hr. The irradiated sample was
opened and analyzed by glpe. For quantitative analysis of the
lactones, FFAP 159, column coated on Diasolid L was used at
160-230°, with 4-teri-butyltoluene and diethyl phthalate as the
internal standard, and for ethyl crotonate, a capillary column
of SE-30 (45 m) at 100° was used with cumene as the internal
standard.

Neither evacuation of the tube to 10-* mm nor filling it with
nitrogen gave large differences when compared with the above
procedure.

" General Procedure for Photochemical Addition.—A reaction
mixture in a quartz or Pyrex tube was cooled in water and ex-
ternally irradiated with a 500-W high-pressure mercury vapor
lamp. Nitrogen gas was allowed to pass through the mixture
during the irradiation. The irradiated sample was analyzed by
glpc as mentioned above. Glpe analysis of ethyl crotonate
isomers was carried out with a capillary column (squarane, 45 m).

Analysis of Products.—The products were separated by pre-
parative glpe (SE-30 or FFAP) and identified from the spectral
data (ir, nmr, and mass spectrum).

cis-3,4-Dimethyl-y-butyrolactone (cis-4b) had bp 95-97°
(12 mm); n%p 1.4302 [lit.® bp 80-80.5° (5 mm), n*p 1.4287];

(7) A, R. Barder, R. P. Buckly, F. Leavitt, and M. Szware, J. Amer.
Chem. Soc., 19, 5621 (1937).

(8) J. F. Laporte and R. Rambaud, C. R. dcad. Sci., Ser. C., 262, 1095
(19686).
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ir (CClL) 1790 em™. Anal. Caled for CgHyOs:
H,8.83. Found: C,62.85; H,8.75.

trans-3,4-Dimethyl-y-butyrolactone (frans-4b) had bp 101-
103° (12 mm); n%*p 1.4350 [lit.* bp 86-86.5° (5 mm), n*’D
1.4333]; ir (CCly) 1785 em™*. Anal. Caled for CeHpO:: C,
63.13; H,8.83. Found: C,62.93; H,68.72.

3,4,4-Trimethyl-y-butyrolactone (4c) had bp 97° (15 mm);
7D 1.4373 [lit. bp 216-217° (744 mam),® 219° (760 mm),* »'D
1.4402]; ir (CCly) 1780 em™. Anal. Caled for C;HpOs:
C,65.59; H,9.44. Found: C,63.32; H,9.48.

cis-3-Methyl-4-ethyl-y-butyrolactone (cis-4d) had bp 102-105°
(11.5 mm); n*p 1.4375; ir (CCL) 1780 cm!; nmr (CCly) r 8.96
(1, 3), 8.86 (4, 3), 6.13 (m, 1), 7.3-8.6 (m, 3); mass spectrum
M+ 128. Anal. Caled for CHp0.: C, 65.59; H, 9.44,
Found: C,65.31; H,9.58.

trans-3-Methyl-4-ethyl-y-butyrolactone (trans-4d) had bp 102~
105° (11.5 mm); n%p 1.4403; ir (CCly) 1775 cm~!; nmr (CCL)
r 8.97 (, 3), 9.00 (d, 3), 5.8 (m, 1), 7.3-8.7 (m, 3). Anal.
Caled for C/Hi0.: C, 65.59; H, 9.44. Found: C, 65.35;
H,9.52.
trans- and cis-3,4-Dimethyl-4-ethyl-y-butyrolactone (4e) had
bp 110-112° (15 mm); n%p 1.4435; ir (CCl) 1760-1780 cm™
(broad); nmr (CClL) 7 8.65 [s, 3, -OC(CHj;) of cis isomer}, 8.78
Is, 3, -OC(CH;) of trans isomer], 8.99 (t, 3), 8.91 (d, 3), 7.66
(m, 2), 8.45 (q, 2), 7.3-8.1 (m, 1). Anal. Caled for CsH140;:
C,67.57; H,9.93. Found: C,67.40; H,9.99.

3-Methyl-4,4-diethyl-y-butyrolactone (4f) had bp 80-84° (2
mm); n¥®p 1.4512; ir (CCly) 1770 em™!; mass spectrum MT
156. Anal. Caled for CoH 0, C, 69.19; H, 10.32. Found:
C,68.92; H,10.41.

trans- and cis-3-Methyl-4-phenyl-y-butyrolactone (4g) had bp
128-130° (2.5 mm); n%p 1.5290; ir (CCL) 1788 c¢cm~™; nmr
(CCL) r 9.35 [d, 3, J = 7 Hz, -CH(CH;) of cis isomer], 8.85
id, 3, J = 6 Hz, -CH(CH,;) of trans isomer], 7.538 (m, 2), 7.1~
8.2 (m, 1), 5.17 {d, 1, J = 8 Hz, -CH (CsH;)O of trans isomer],
6.51 [d, 1, J = 6 Hz, -CH(CH;)O of cis isomer], 2.8 (s, 5);
mass spectrum MT 176, Anal. Caled for CyHpO,: C,
74.97; H,6.86. Found: C,75.12; H, 6.86.

3-Methyl-y-butyrolactone (4a).—The infrared spectrum of the
condensed crude product revealed »c-o of y-butyrolactone at 1780
em™! although it could not be isolated because the quantity was
so small [lit.?® 1780 em ™ (vc.o of 4a)].

Diethyl 2-ethyl-3-methyl glutarate (5) had bp 105-107°
(2 mm); n¥p 1.4302; ir (CCly) 1735 em™!; nmr (CCL) r 8.75
(t, 6), 9.07 (&, 3), 9.07 (d, 3), 5.93 (q, 4), 7.9 (m, 6); mass
spectrum M* 230, Anal. Caled for CpHaOs: C, 62.58;
H,9.63. Found: C,62.83; H,9.53.

Diethyl 3,4-dimethyladipate (6) had bp 103-105° (2 mm),
n%p 1.4353 [lit.2 bp 103° (1.5 mm), n¥p 1.4324]. Anael. Caled
for CoH.:04: C, 62.58; H, 9.63. Found: C, 62.88; H, 9.47.

Registry No.—la, 10544-63-5; cis-4b, 10150-95-5;
trans-4b, 10150-96-6; 4c, 2981-96-6; cis-4d, 34405-
50-0; trans-4d, 34405-51-1; cis-4e, 34405-52-2; trans-
de, 34405-53-3; 4f, 34405-54-4; cis-dg, 26620-41-7;
trans-4g, 26704-17-6; 5, 34405-57-7; 6, 10348-54-6; 7,
6776-19-8; 8, 1617-18-1.
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The pharmacological properties of the derivatives
of o,a-dimethylphenethylamine (phenthermine) (5)
have created considerable interest in the large-scale
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preparation of these compounds. The usual synthesis
involves a Ritter reaction':? between hydrogen cyanide
and a,e-dimethylphenethyl alecohol or B,s-dimethyl-
styrene, to form the N-formyl derivative of 5, and the
hydrolysis of this intermediate. This reaction sequence
is admirably suited for small-scale work, but, due to the
hazards inherent in the use of hydrogen cyanide and in
carrying out the Grignard reactions which lead to the
alcohol or the styrene, it is not ideal for large-scale
preparations. In view of these objections, a synthesis
on the basis of a catalytic reduction, similar to those
used for the derivatives of the less substituted phen-
ethylamine® and o-methylphenethylamine (amphet-
amine),* would appear to be desirable.

The basic starting material for our work was a-(1-
methyl-1-nitroethyl)benzyl alcohol (1), which can be
prepared easily by the condensation of 2-nitropropane
and benzaldehyde.? Palladium was used in all cases
as hydrogenation catalyst, due to its well documented
inactivity toward aromatic rings and its high effective-
ness for the hydrogenolysis of benzyl groups and the
reduction of aliphatic nitro groups.®* The variation of
other reaction parameters resulted in rather selective
reductions (Scheme I), which prompts us to report
these in the present communication.

ScuemE 1

NO, OH CH,

.
C:H,CHO + CH,CHCH, ——» C,H,CH—CNO,

CH,

c CH 1
[ 7 ~ N OH CH,

C:H;CH—CNO,

CH, CH,CH—CNH
/ CH, 5 2
CH;CH,CNO, 2 CH,
3
CH, l CH; 0
4 ~ H, "
C:H;CH,CNHCCH,
CGHS CHZC NH2
CH,
CH, 6
5

The hydrogenation of the nitro alcohol 1 in ethanolic
acetic acid over 109 palladium on charcoal yielded
only the amino alcohol 3,7 as had already been reported
by Zenitz, et ¢l.* This is not an abnormal result, since
the stabilization of a benzylic alcohol by a vicinal amino
group is a well-known fact,® which had already led
Rosenmund and Kung* to the development of the tech-

(1) (a) J. J. Ritter and J, Kalish, J. Amer. Chem. Soc., 70, 4048 (1948);
(b) J. J. Ritter and J. Kalish, Org. Syn., 44, 44 (1964).

(2) For a recent review of the Ritter reaction see L. I. Krimen and D. J.
Cota, Org. React., 17, 213 (1989).

(3) (a) K. Kindler, E, Brandt, and E. Gehlhaar, Justus Liebigs Ann.
Chem., 611, 209 (1934); (b) J. Daley, L. Horner, and E. Withropp, J.
Amer. Chem. Soc., 88, 4787 (1861); (e¢) D. P. Wagner, A. I. Rachlin, and 8.
Teitel, Syn. Commun., 1, 47 (1971).

(4) K. W. Rosenmund and E. Kung, Ber., 75, 1850 (1942).

(5) B. L. Zenitz, E. B. Macks, and M. L. Moore, J. Amer, Chem. Soc., 70,
955 (1948).

(6) (a) P. N. Rylander, “Catalytic Hydrogenation Over Platinum Met-
als,” Academic Press, New York, N. Y., 1967, p 320; (b) 152.

(7) 'The nature of all the products, except 4,? can be deduced unequivocally
from the elemental analysis data and the nmr and ir spectra given in the
Experimental Section.



