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Spectroscopic Characterization of 13-cis- and all-trans-Retinamides

Wilillam C. Coburn, Jr.,* Martha C. Thorpe, Y. Fulmer Shealy, Marion C. Kirk, Jerry L. Frye, and C. Alien O’Dell

Southern Research Instltute, Birmingham, Aiabama 35255-5305

Data from determinations of the 'H and '*C NMR, UV, IR,
and mass spectra of some 13-c/s- and

all-trans -retinamides are reported. Characteristic shifts in
the *C and 'H NMR specira of the 13-cis-retinamides
readly distinguish them from the corresponding all-trans
isomers. The mass spectra include strong molecular-ion
and characteristic fragment peaks. The main UV
maximum of the 13-cis amides shows a slight shift to
longer wavelength (2-4 nm) from that of the all-trans
amides and a lower molar absorptivity. Selected infrared
bands are listed.

Introduction

The purpose of this report is to describe the characterization
of several afi-trans retinamides (11) and 13-cis-retinamides (IV)
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which were synthesized as analogues of all-trans -retinoic acid
(vitamin A acid, 1a) for long-term studies of cancer chemo-
prevention in animals. Only one 13-cis retinamide, the primary
amide (IV, R = H), had previously been described in the liter-
ature (7). The preparation of all-trans-retinamides 11a—d (2)
and Ile (3) had been briefly outlined in the patent literature, but
the characterization data (melting point, UV spectra) were
sparse. all-trans -N-(4-Hydroxyphenylyretinamide was originally
synthesized by Gander and co-workers (3, 4). Recently, the
all-trans retinamides 11f,g,| were reported in a patent (5). The
all-trans retinamides (11) were prepared from retinoic acid (Ia)
via all-trans -retinoyl chloride (Ib) or 1-(al/-trans-retinoyl)-
imidazole (Ic); the 13-cis retinamides (IV) were prepared from
13-cis-retinoic acid (I11a) by way of either 13-cis-retinoyl
chloride (111b) or 1{13-cis-retinoyl)imidazole (I11¢). The details
of these syntheses are being reported in a separate paper (72).

Most of these retinamides have high chemopreventive activity
in the hamster tracheal organ assay (6). Several have che-
mopreventive activity against bladder or breast cancer in vivo
(4. 7, 8), and the retinoylglycine (I1l) is more active than all-
trans -retinoic acid against hyperplasia in mouse prostate organ
cultures. Because of the potential importance of these com-
pounds, detailed characterization data are reported here. These
data include mass spectra, 'H and *C NMR spectra, UV
spectra, and IR spectra.

Discussion and Resuits

In electron-impact mass spectra of the retinamides (11, IV)
determined at a direct-probe temperature of about 20 °C, the
molecular ion (M) is one of the most intense peaks in the region
above m/z 200. Less prominent peaks correspond to the loss
of a methyl group (M — CHjy), the 2,6,6-trimethyl-1-cyclohexenyl
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Experimental Section

! Includes NH.

Ultraviolet spectra were determined with ethanol solutions,

'H NMR Spectral Data for all-trans-Retinamides (1I)*
16 + 17

group (M - 123), or the R group (m/z 298, M - R, R # aryl). 2 Lrw
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with a relative intensity equal to or greater than that of an e RS RRT-pe ©E T Vd G R S
E Nooew 2. Q o507
arbitrarily chosen reference peak (usually one of the three g i B n S = N g 2 g £ ®o g =
peaks at m/z 239-241) are listed. 5 . Ao oSy ‘.".8 ©w $38% §own
As expected, in the 100-MHz 'H NMR spectra there is little, fg Ao g EgCO§wa~07 w ESSS5 .-
or no, varlation among the various all-trans-retinamides (Table B aned e i B 838245
I) in the chemical shifts of protons in the retinoyl group, or Ivrhlaes 355528 B208% §
among the five 13-cis-retinamides (Table II) in the chemical CE ey D ERTEe 2% ¢T3
shifts of the 13-cis-retinoyl protons. The ranges given for the e E ® cﬁ 5 E £ 2 e ‘”j - S8T g 28
chemical shifts of protons at posltions 2, 3, and 4 are estimates T Y g 2L ST d SRE D _§ s
because methyl-group peaks overlap or are superimposed on AN bR ahdmnKaabe & §8E, 2
these muitiplets. The absorption for the protons on C14, C18, NHSWO MM —Y¥CH £33 i% 2
C19, and C20 are designated singlets in the tables since they - - - s §E .g I %
appear to be broadened singlets. All, however, can be shown = = 5 > 5 § 5 o 5 ;,;; § ‘E § g £°8%¢
by spin-decoupling experiments to be multiplets. In the all-trans Z|RRROI =T ©R BRI T - R R
amides, chemical shifts of the protons at positions 7, 8, 10, and POWLLOOROD  xODE g%g%_;%’
12 are overlapping and are sometimes overlapped by, or g g F_: % § oy
coincident with, the NH absorption. The signal of the C11 ~|EEgEEEEEEE EEEY S0E5385 =y
. . - 20 E
proton is a characteristic doublet of doublets. The major dif- S ERRNRRRBRE 88D °s S Bw E
ferences between the 100-MHz proton spectra. of the. all-trans GGG EECEBEE GG D .S g 28 o
and 13-cis amides are the pronounced downfield shift of the . = EN s 8 3
C12 proton signal and the upfield shifts of the C14 and C20 N egeEEEEEEE Eeeg 8582905 .
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IVa
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are in parts per million downfield from internal tetramethylsilane.

mined with a Me,SO-d solution; s = singlet, d
of doublets; overlaps imidazole protons in III.

on multiplet due to protons at position 4.

Table II.

tion than the spectra determined dispersively and, therefore,
may include additional bands and shoulders that are merged or
weak In the dispersive spectra. Mass spectral (MS) data were
taken from low-resolution, electron-impact spectra determined
at 70 eV with a Varian/MAT Mode! 311A spectrometer; the
direct-probe temperature was 20 °C. M = molecular ion; some
of the other peaks are identified as probable fragments, e.g.,
M minus a fragment. The peaks listed are those that appear
above m/z 200 with relative intensity equal to or greater than
that of an arbitrarily chosen peak, which is specified for each
compound. Usually, the chosen reference peak is the least
intense peak of the three-peak cluster at m/z 239-241. Some
significant, but less intense, peaks above m/z 200 are also
listed. Mass spectra of several different samples of most of
the retinamides were determined at different times. In some
cases, there are varlations among several mass spectra of a
compound in the relative intensities of the three peaks at m/z
239-241 and, also, in the number of peaks with relative in-
tensity equal to or greater than that of the chosen reference
peak; but most of the listed peaks are always more intense
than the reference peak. 'H NMR spectra were determined at
100 MHz with a Varian XL-100-15 spectrometer. '*C NMR
spectra were determined with a Varlan Model XL-100-15 (25.2
MHz) or a Bruker WH-400 (100.6 MHz) spectrometer.

all-trans-N-Methyiretinamide (11a ). Mass spectrum (rela-
tive intensity = that of fragment m/z 240), m/z 314 M + 1),
313 (M), 298 (M - CH,), 282 (M — NHCH, — H), 267 (282 - CH,),
256, 255 (M - CONHCHjy), 241 (M — CH; - CONHCH,3 + H),
240, 239, 225 (240 - CH,), 213, 211, 202, 201, 200, 190 (M
- 2,6,6-trimethyicyclohexenyl); IR (4000-700 cm™") 3300 s,
3035, 2980 sh, 2950 sh, 2910 s, 2850, 2820, 1625 s, 1610,
1675, 1565, 1630 s, 1440, 1405, 1390 sh, 1355, 1305 w,
1270, 1265, 1200, 1155, 1120, 1070, 1030 sh, 1020, 1005,
965 s, 885, 875, 855 w, 845 w, 830 w, 820, 765, 710, 695 w.

all-trans-N-Ethyiretinamide (1Ib). Mass spectrum (relative
intensity = that of fragment m/z 298), m/z 328 (M + 1), 327
(M), 313, 312 (M - CHj,), 298 (M - C,Hs), 282 (M — NHC,H;s -
H), 267 (282 - CH,), 256, 255 (M - CONHC,H;), 241 (M - CH,4
- CONHC,H; + H), 240, 239, 226, 225 (240 - CH,), 214, 213,
212, 211, 206, 205, 204 (M - 2,6,6-trimethyicyclohexenyl), 203,
202, 201, 200; IR (4000-700 cm™") 3300 s, 3050, 2985 sh,
2960, 2930 s, 2905 sh, 2860, 2820, 1630 s, 1615 s, 1585,
1575, 1565, 15630 s, 1455, 1445, 1435, 1390, 1370 w, 1360,
1350, 1290, 1275 sh, 1270, 1200, 1160, 1150, 1130 w, 1105
w, 1065, 1035, 1025, 1005 w, 970 s, 900 sh, 890 w, 875, 860
w, 850 w, 835 w, 825, 815 sh, 790 w, 720.

all-trans -N-Bulykretinamide (11¢c). Mass spectrum (relative
intensity = that of fragment m/z 239), m/z 356 (M + 1), 355
(M), 340 (M ~ CHy), 282 (M — NHC Hg - H), 267 (282 - CH,),
256, 255 (M - CONHCH;), 241 (M - CH; — CONHC H, + H),
240, 239, 232 (M - 2,6,6-trimethylcyclohexenyl), 225 (240 —
CHj,), 219, 218, 213, 211, 206, 202, 201, 200 (also, m/z 298
(M - C Hy), less intense than m/z 239); IR (Fourier transform,
4000-800 cm-~") 3340 sh, 3310 s, 3050, 3040, 2990, 2955 s,
2925 s, 2900 sh, 2865, 2845, 2825, 1630 s, 1615 s, 1585,
1575, 1565, 1545 sh, 1530 s, 1465, 1450, 1430, 1390, 1375
w, 1370 w, 1360 sh, 1355, 1315, 1300 sh, 1295 sh, 1275 sh,
1265, 1230, 1200, 1160, 1140, 1130, 1120, 1090 w, 1065 w,
1035, 1030, 1010 w, 995, 965 s, 900 w, 890, 875, 860 w, 840,
830, 820.

all-trans -N-(2-Hydroxyethyl )retinamide (IId). Mass
spectrum (relative intensity = that of m/z 241), m/z 344 (M
+ 1), 343 (M), 328 (M - CHy), 325 (M - H,0), 310 (M - CH;
- Hz0), 282 (M — NHCH,CH,OH - H), 267 (282 - CH;), 256, 255
(M — CONHCH,CH,0H), 241 (M - CH; - CONHCH,CH,OH + H),
240, 239, 225 (240 - CH,), 220 (M - 2,6,6-trimethylcyclo-
hexenyl), 213, 211, 207, 206, 202, 201, 200 (also, m/z 298
(M - CH,CH,OH), less intense than m/z 241); IR (Fourier
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Table IV. *C NMR Data for 13-cis-Retinamides (IVa-e)?
compd C19 C3 C20 C18 Ci6 + C17 C4 C1 C2 Cl4
IVa 12.79 19.28 20.73 21.69 28.97 33.11 34.26¢ 39.67 120.23
IVb 12.79 19.28 20.74 21.69 28.97 33.11 34.26 39.67 120.25
Ivd 12.81 19.27 20.86 21.72 28.99 33.13 34.28 39.69 11941
IVe 12.81 19.25 20.82 21.72 28.98 33.11 34.26 39.65 120.00
IVc (Me,SO-d,) 12,52 18.76 20.61 21.47 28.75 32.60 33.81 39.16 121.02
b
compd  C7 Cs, €10, C11, C12 ce¢  Ce¢  C9  C13  Cl5 other C
IVa 127.77 129.69, 130.05,130.38, 137.64 137.74 138.38 145.98 166.66 14.92, C2'; 34.15,d Cc1
130.61
IVb 127.76 129.69, 130.06, 130.37, 137.64 137.74 138.37 14594 166.71 13.77,C4'; 20.20, C3/;
130.61 31.84,C2'; 39.14,C1’
Ivd 128.15 129.68, 129.87,130.43, 137.563 137.74 138.96 147.10 167.99 42.41,C1';62.20,C2
131.01
IVe 127.93 129.79,129.91,130.61, 137.55 1837.71 138.62 146.32 167.09 26.28,C3';29.84,C2;
130.59 39.14,C1'; 62.07,C4’
IVe 127.26 129.20,130.24,130.31, 137.17 137.24 138.22 14584 163.66 115.00,C8;120.69,C2';

with a Me,SO-d, solution.

130.60, 131.19¢

@ All spectra were determined with CDCI, solutions at 100.6 MHz except for the spectrum of IV¢, which was determined

Chemical shifts are in parts per million downfield from internal tetramethylsilane,
shifts in this region are due to C5, C10, C11, and C12 (9), but they were not assigned to individual gositions.
signments shown for these two peaks are not certain and may in actuality be in the reverse order.

C1';¢ 153.20, C4'

b Chemical
¢ The as-
The chemical shift (5

34.26) assigned to C1 is in excellent agreement with the chemical shift of other 1,3-cis- and all-trans-retinamides, but the

assignment of 5 34.26 and 34.15 to C1 and C1’, respectively, has not been verified.

§ 129-132 also includes C1'.

Table V. Ultraviolet Absorption Data®

¢ This group of five peaks in the region

all-trans-retinamides

13-cis-retinamides

R Amax (5) Amin Amax (e) Amin

CH, 347 (50 000) 225-230

C,H, 347 (50 200) 225-230 349 (45 800) 260-278
242 (9400)

C.H, 347 (51 000) 225-230 350 (45 800) 270
243 (9400)

CH,CH,OH 347 (50700) 225-230 350 (44 400) 262-277
242 (9600)

C,H, 347 (50 500) 225-230

CH,CHOHCH, 347 (51 000) 225-230

CH,CH,CH,OH 347 (51 000) 225-230

CH,(CH,),CH,0H 347 (51 000) 225-230 350 (42 200) 275
242 (9200)

CH,CHOHCH,OH 347-348 (50 000) 225-230

CH,COOC,H, 349 (49 200) 225-230

CH,COOH 347 (49 400)

C.H,OH 362 (56 400) 261 366 (47 700) 275

228-230 (11 300) 240 (13 700)
C,H,0COC(CH,), 362 (59 000) 260-265

228-230 (15 000)

% All spectra were determined with absolute ethanol solutions except for all-trans-N-(4-hydroxyphenyl)retinamide, which
was determined with methanol solutions; A in nanometers and ¢ in L mol™! cm™'.

transform, 4000-700 cm™") 3435 s, 3355 s, 3030, 2955, 2925
s, 2905 sh, 2865, 2850 sh, 2825, 1645 s, 1640 s, 1615, 1585
s, 1520 s, 1470 sh, 1440, 1415, 1395 w, 1370, 1360, 1340
w, 13256 w, 1310 w, 1275 sh, 1270, 1230, 1200, 1175 w,
1160, 1135 w, 1120 w, 1090, 1055, 1030, 1010 w, 985 s, 910
w, 900 w, 880, 855 w, 835, 825, 790 w, 750 w, 710 w.
all-trans -N -Propyiretinamide (11e). Mass spectrum (rela-
tive intenslty = that of fragment m/z 239), m/z 342 (M + 1),
341 (M), 326 (M - CH,), 282 (M - NHCzH, - H), 267 (282 -
CHjy), 256, 255 (M — CONHC,H;), 241 (M — CH; — CONHC;H,
+ H), 240, 239, 225 (240 - CH,), 218 (M - 2,6,6-trimethyi-
cyclohexenyl), 213, 211, 205, 204, 202, 201, 200 (also, m/z
298 (M - CgyH,), less intense than m/z 239); IR (Fourier
transform, 4000-700 cm~') 3315 s, 3050, 3040, 2990, 2960
s, 2930 s, 2905 sh, 2870 sh, 2860, 2845 sh, 2820, 1630 s,
1615 s, 1585, 1575, 1565, 1530 s, 1455, 1450 w, 1440 w,
1430, 1390 sh, 1385, 1370 w, 1360, 1355, 1335 sh, 1315 w,
1285, 1265, 1255, 1200, 1160, 1140, 1130 w, 1120 w, 1110
w, 1080, 1065 w, 1035 w, 1025 w, 1005 w, 995 w, 970 s, 890
w, 880, 845 w, 830 w, 820, 790 w, 775, 750 w, 720, 700 w.

(X)-all-trans-N-(2-Hydroxypropy! retinamide (11f). Mass
spectrum (relative intensity = that of m/z 240), m/z 358 (M
+ 1), 357 (M), 342 (M - CHg), 324 (M - CH, - H,0), 282 (M
- NHCH,CHOHCH,; - H), 267 (282 - CH,), 256, 2556 (M -
CONHCH,CHOHCH,), 241 (M - CH, - CONHCH,CHOHCH, +
H), 240, 239, 225 (240 — CH,), 221, 220, 213, 211, 203, 202,
201, 200; significant MS peaks less intense than m/z 240, m/z
339 (M - H,0), 298 (M - CH,CHOHCH,), 234 (M - 2,8,6-tri-
methylcyclohexenyl); IR (Fourler transform, 4000~700 cm™)
3450 s, 3340 broad, 3045 w, 3020, 2980 sh, 2965 s, 2925 s,
2865, 2845 w, 2825, 1650 s, 1640 s, 1615, 1585, 1570, 1525
s, 1470 sh, 1455, 1445, 1435 sh, 1415, 1395 w, 1375, 1370,
1360, 1325, 1305 w, 1265, 1250 sh, 1200, 1175 w, 1165,
1135, 1115, 1095 w, 1070, 1045 w, 1030, 1010, 980 s, 930,
910 w, 900, 880, 845, 835, 825 sh, 790 w, 750 w, 730 sh, 720
w.
all-trans -N -(3 -Hydroxypropyl Yretinamide (Ilg). Mass
spectrum (relative intensity = that of fragment m/z 240), m/z
358 (M + 1), 357 (M), 342 (M - CH,), 339 (M - H,0), 324 (M
- CH; - Hy0), 282 (M - NH(CH,);0H - H), 267 (282 — CH,),



256, 255 (M — CONH(CH,);0H), 241 (M — CH; — CONH(CH,);OH
+ H), 240, 239, 225 (240 - CH,), 221, 220, 213, 211, 203,
202, 201 (also, m/z 298 (M - (CH,);OH) and 234 (M - 2,6,6-
trimethylcyclohexenyl), less intense than m/z 240); IR (Fourier
transform, 4000-700 cm-") 3400, 3295 s, 3080, 3050 w, 3030
w, 3020 w, 2985 sh, 2960, 2950, 2940 sh, 2925 s, 2905,
2885, 2865, 2845 sh, 2820, 1615 s, 1600 s, 1575 8, 1545 s,
1465 sh, 1445, 1435, 1410, 1390 w, 1380, 1370 w, 1355,
1350, 13086, 1275, 1270, 1225, 1205, 1195, 1160, 1125, 1115,
1095, 1070, 1045 w, 1025, 1000, 985, 970 s, 925, 895 w, 890,
8765, 835, 825, 790 w, 750, 720 w.

all-trans -N-(4 -Hydroxybulyl yretinamide (IIh). Mass
spectrum (relative intensity = that of fragment m/z 240), m/z
372 (M + 1), 371 (M), 356 (M ~ CH,), 282 (M — NHC H, - H),
287 (282 - CH,), 2566, 255 (M — CONH(CH,),OH), 241 (M — CH,
- CONH(CH,),OH + H), 240, 239, 235, 234, 225 (240 - CH,),
213, 211, 202, 201, 200; significant MS peaks less Intense than
m/z 240, m/z 340 (M — CH,OH), 338 (M - CH, - H,0), 298
(M - (CH,),OH), 248 (M - 2,6,6-trimethylcyclohexenyl); IR
(Fourier transform, 4000-800 cm-") 3305 s, 3255-3235 sh,
3045, 3015 w, 2985 sh, 2965, 2960, 2935 sh, 2925 s, 2865,
2830, 1640 s, 1610, 1585, 1575, 1550 s, 1480, 1470, 1455,
1430, 1405, 1390, 1380 w, 1375, 1360, 1315 w, 1300 w, 1285
sh, 1275, 1260, 1200, 1155, 1130 w, 1120 w, 1110, 1080,
1070, 1030, 1015 w, 1000 w, 965 s, 960, 895 sh, 890 w, 875,
860 sh, 840 w, 830, 820. These IR data are from the spec-
trum of a specimen of 1Ih with mp 111-113 °C.

A polymorphic form of 11h was also obtained, mp 95-96 °C.
The solid-state IR spectrum differed from, but was similar to,
that of the higher-melting form. The two forms were shown to
be identical in solution by TLC, HPLC, 'H NMR, and °C NMR.

(*)-all-trans-N-( 2,3 -Dihydroxypropyl )retinamide (III).
Mass spectrum (relative intensity = that of m/z 240), m/z 374
(M + 1), 373 (M), 358 (M - CH,), 340 (M - CH; - H,0), 282
(M - NHCH,CHOHCH,OH - H), 267 (282 - CH,), 256, 2556 (M
-~ CONHCH,CHOHCH,OH), 241 (M - CH; — CONHCH,CHOHC-
H,OH + H), 240, 239, 237, 236, 225 (240 - CH,), 213, 211,
202, 201, 200; significant MS peaks less intense than m/z 240,
m/z 365 (M - H,0), 298 (M - CH,CHOHCH,OH), 250 (M -
2,6,6-trimethylcyclohexenyl); IR (Fourier transform, 4000-700
cm™') 3275 s broad, 3075, 3055, 3040 sh, 2990, 2960, 2950,
2940 sh, 2930 s, 2920 sh, 2905, 2865, 2825, 1640 s, 1610
s, 15675 s, 1655, 1490 w, 1470 sh, 1450 broad, 1400, 1380,
1360, 1335 w, 1320, 1300 w, 1275, 1265, 1225 w, 1205,
1200, 1160, 1115, 1075, 1045 s, 1005 w, 990, 965 s, 950 s,
920 w, 895 w, 885 sh, 875, 850 w, 840 w, 825, 815, 790 w,
765 w, 745, 720. These IR data are from the spectrum of a
specimen of III with mp 83-85 °C. A polymorphic form was
also obtained, mp 101-104 °C. The solid-state IR spectrum
of this form differed from, but was similar to, that of the low-
er-melting form. The two forms were shown to be identical in
solution by 'H NMR and '*C NMR.

Isopropylidene Derivative (11]) of 11l. UV, (ethanol) 348
nm (¢ 47 500).

all-trans -N-Retinoyiglycine Ethyl Ester (Ilk). Mass
spectrum (relative intensity = that of m/z 241), m/z 386 (M
+ 1), 385 (M), 340 (M - OEt), 283, 282 (M — NHCH,COOCH;
— H), 268, 267 (282 — CH,), 256, 255 (M — CONHCH,COOEY),
254, 249, 248, 241 (M -~ CH; - CONHCH,COOEt + H), 240,
239, 226, 225 (240 — CHy), 213, 212, 211, 209, 204, 203, 202,
201, 200; significant MS peaks less intense than m/z 241, m/z
370 (M - CH,), 324, 312, 298 (M - CHCOOEt, weak), 296, 262
(M - 2,8,6-trimethylcyclohexenyl); IR (4000-700 cm™") 3355 s,
3035, 3020, 2975, 2965, 2940, 2920 s, 2900 sh, 2855, 1725
s, 16565 s, 1605, 1575, 1560, 1510 s, 1475, 1445, 1435, 1400,
1390, 1365, 1350, 1290 w, 1265, 1250, 1210, 1180 s, 1150,
1125, 1100, 1060 w, 1030, 1015, 960 s, 950, 875, 870 sh, 830
sh, 825, 785 w, 765 w, 710.
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all-trans-N-Retinoylglycine (111). Mass spectrum (relative
intensity = that of m/z 241), m/z 358 (M + 1), 357 (M), 267
(282 - CHg), 255 (M - CONHCH,COOH), 241 (M - CH, -
CONHCH,COOH + H), 240, 239, 226, 225 (240 - CH,), 221,
220, 213, 211, 202, 201, 200; significant MS peaks less intense
than m/z 241, m/z 342 (M - CH,), 339 (M - H,0), 296, 282
(M - NHCH,COOH - H), 234 (M - 2,6,6-rimethylcyclohexenyl);
IR (4000-700 cm~") 3345 s, 3045, 3030, 2985 sh, 2950 sh,
2920 s, 2900 sh, 2855, 2815, 2720 sh, 2610 (broad), 2515,
1730, 1710 s, 1620 s, 1595 8, 1575 8, 1570 sh, 1535 s, 1460
sh, 1435, 1395, 1355, 1325, 1275 w, 1255, 1230, 1215 s,
1205 sh, 1165, 1115 w, 1035 sh, 1025, 1000 w, 985 w, 965
s, 950 s, 895 w, 880, 870, 830, 815, 785 w, 715.

all-trans -N-(4 -Hydroxyphenyl )retinamide (IIm) (3,4).
Mass spectrum (relative Intensity = that of m/z 239), m/z 392
(M + 1), 391 (M), 376 (M - CH,), 283, 282 (M — NHCgH,OH -
H), 268 (M - 2,8,6-trimethyicyciohexenyl), 267 (282 — CH;), 256,
255 (M ~ CONHCgH,OH), 254, 242, 241 (M - CH; — CONHC,-
H,OH + H), 240, 238, 227, 225 (240 - CH,3), 213, 211, 203,
202, 201, 200; IR (4000-400 cm™') 3325, 3300, 3145 br,
3040, 3025 sh, 2950, 2931, 2905, 2865, 2825, 2800 w sh,
2725 w, 2670 w, 2595 w, 2495 w, 1875 w, 1855 w, 1815 w,
1750 w, 1645 sh, 1632 s, 1615, 1605 sh, 1595 sh, 1579 s,
1549 s, 1515 5, 1508 s, 1470 sh, 1444 s, 1410 sh, 1395 w,
1385 w, 1370, 1360, 1350 w, 1325 sh, 1315, 1275 w, 1252,
1242 s, 1230, 1181 s, 1175 s, 1160, 1130 w, 1120 w, 1110
w, 1070 w, 1045 w, 1030 w, 1015 w, 1005 w, 995 w, 970 s,
960, 930 w, 900 w, 885 w sh, 880 w, 860 w, 830 s, 825 sh,
815, 800 w sh, 775 w sh, 755 w sh, 740 w, 710 w, 700 w, 640
w, 620 w, 720, 485 w. This compound may crystallize in
several polymorphic or solvated forms. The IR data were taken
from the spectrum of a typical specimen, mp 173-175 °C.

all-trans -N -[4 -( Plvaloyloxy )phenyl Jretinamide (1In).
Mass spectrum (relative intensity = that of m/z 239), m/z 476
(M + 1), 475 (M), 460 (M — CH,), 352 (M - 2,6,8-trimethyl-
cyclohexenyl), 339, 338, 287, 286, 283, 282 (M -
NHC¢H,OCOC(CH;);), 273, 267 (282 - CH,), 256, 255 (M -
CONHC¢H,O0COC(CH;)3), 241 (M — CH; — CONHC¢H,0COC(C-
Hg); + H), 240, 239, 227, 225 (240 - CH;), 213, 202, 201, 200;
IR (Fourler transform, strong bands only) 3365, 3360, 2945,
1735, 1730, 1675, 1585, 1520, 1510, 1400, 1300, 1195, 1170,
1155, 1130, 965.

1-( 13-cis-Retinoyl Yimidazole (I1Ic). Mass spectrum, m/z
350 (M), 335 (M ~ CHjy), 282 (M - imidazole), 267 (282 - CH;),
239, 211, 197; IR (strong bands in the 1700-800-cm™" region)
1700, 1570, 1550, 1465, 1275, 1230, 1210, 1085, 980, 970,
810.

13-cls-N-Ethyiretinamide (I1Va). Mass spectrum (relative
intensity = that of fragment m/z 240), m/z 328 (M + 1), 327
(M), 312 (M - CHj), 282 (M — NHC,Hg — H), 267 (282 — CHs,),
256, 255 (M - CONHC,H;), 241 (M — CHg - CONHC,H; + H),
240, 239, 225 (240 - CH,), 213, 211, 204 (M - 2,6,6-tri-
methylcyclohexenyl), 202, 201, 200 (also, 298 (M — C,H;),
weaker than m/z 240); IR (4000-700 cm™') 3260 s, 3065 sh,
3055, 3025, 2980 sh, 2965, 2955, 2930, 2910 sh, 2865, 2850
sh, 2830, 1645 sh, 1625 s, 1605 s, 1585, 1560, 1545 s, 1445,
1435, 1380, 1370 sh, 1355, 1350 sh, 1335 w, 1295, 1280,
1275, 1265 s, 1250, 1205, 1180, 1155 sh, 1145, 11256 w, 1115
w, 1100 w, 1065, 1040 w, 1025, 1010 w, 975 s, 960, 900,
895, 865, 840, 820, 805, 785 w, 740, 720.

13-cfs -N-Butyiretinamide (1Vb). Mass spectrum (relative
intensity 2 that of fragment m/z 240), m/z 356 (M + 1), 355
(M), 340 (M - CH,), 267 (282 - CH,), 256, 255 (M -
CONHC,Hg), 241 (M — CH; — CONHC H, + H), 240, 232 (M -
2,6,6-trimethylcyclohexenyl), 225 (240 - CH,), 219, 218, 213,
211, 206, 202, 201, 200; significant MS peaks weaker than
m/z 240, m/z 326 (M - ethyl), 312 (M — propyl), 298 (M —
butyl), 282 (M — HNCH, - H), 239; IR (4000-700 cm-~") 3310
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s, 3055, 3020, 2985 sh, 2955 s, 2925 s, 2860, 2825, 1630 s,
1605 s, 1585, 1560, 1540 s, 1470 sh, 1455, 1435, 1430 sh,
1380 sh, 1375, 1370 sh, 1355, 1295, 1275, 1260 s, 1245,
1220 w, 1205, 1180, 1155, 1125 w, 1120 w, 1105 w, 1080
w, 1060 w, 1040 w, 1025, 1020 sh, 1010 w, 970 s, 955, 890
w, 860, 840, 835 sh, 825 w, 785, 740, 720.

13 -cls-N-(4 -Hydroxyphenyl )retinamide (IVc). Mass
spectrum (relative intensity = that of fragment m/z 239), m/z
392 (M + 1), 391 (M), 376 (M - CH,), 283 (M — NHCH,OH),
282 (M - HNC4H,OH - H), 268 (M - 2,8,6-trimethylcyclo-
hexenyl), 267 (282 — CH,), 256, 255 (M — CONHC¢H,OH), 254,
241 (M - CH, - CONHC4H,OH + H), 240, 239, 227, 225 (240
- CHy), 213, 211, 203, 202, 201, 200; IR (4000-700 cm™")
3305 s, 3060, 3200-3010 (broad), 2990, 2950, 2920, 2885,
2860, 2820, 1630 s, 1620 sh, 1605 s, 1590, 1565 sh, 1550
s, 15610 s, 1470 w, 1435 s, 1370 sh, 1360, 1355 sh, 1310 s,
1260, 1230 s, 1190, 1180, 1170 sh, 1125 w, 1115 w, 1105
w, 1040, 1010 w, 985, 970 s, 960, 920, 885, 860, 830 s, 805,
795, 760, 705.

13-cis-N-(2-Hydroxyethyl Yretinamide (IVd). Mass spec-
trum (relative intensity = that of fragment m/z 241), m/z 344
(M + 1), 343 (M), 328 (M - CHj,), 325 (M - H,0), 324, 310 (M
- CH, - H,0), 282 (M — HNCH,CH,OH - H), 267 (282 — CH,),
256, 255 (M - CONHCH,CH,OH), 241 (M — CH; — CONHCH,C-
H,OH + H), 240, 239, 225 (240 - CHjy), 220 (M - 2,6,6-tri-
methylcyclohexenyl), 213, 211, 207, 206, 202, 201, 200 (also,
298 (M - CH,CH,OH), less intense than m/z 241); IR
(4000-700 ecm™") 3375 s, 3290 broad, 3140 broad, 3060, 3030,
2985 sh, 2940 sh, 2925 s, 2905, 2860, 2825, 1655, 1620 s,
1605, 1585 s, 1575 sh, 1560, 1550, 1520 s, 1505 sh, 1460,
1450, 1445, 1425, 1380, 1370, 1360, 1330 w, 1300, 1270,
1260 s, 1245 s, 1215, 1200, 1175, 1160, 1125, 1115 w, 1100
w, 1090, 1075, 1060 sh, 1050 s, 1040, 1025, 980 sh, 975 s,
960, 935 sh, 900 w, 895, 870, 860 sh, 840, 830, 820, 795,
735, 720 sh.

13-c¢is-N-(4 -Hydroxybulyl retinamide (IVe). Mass spec-
trum (relative intensity = that of fragment m/z 240), m/z 371
(M), 356 (M — CH,), 282 (M — HNCHzOH - H), 267 (282 — CH,),
255 (M ~ CONHC,HzOH), 241 (M — CH, - CONHC,HzOH + H),
240, 239, 235, 234, 225 (240 - CHy), 213, 211, 201; significant
MS peaks less intense than m/z 240, m/z 372 (M + 1), 338
(M - CH; - H,0), 298 (M - C,H,OH), 248 (M ~ 2,6,6-tri-
methylcyclohexenyl); IR (4000-900 cm~") 3400 broad sh, 3290
broad, 3060, 3025, 2925 s, 2860, 2820, 1630 s, 1605 s, 1580,

1560, 1530 broad, 1465 sh, 1455 sh, 1445-1430 broad, 1375,
1355, 1270, 1260, 1245, 1200, 1175 w, 1155 w, 1125 w, 1110
w, 1080 sh, 1055, 1025, 970 s.
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Syntheses of 1-Phenyl-2-(4(1H )-Quinazoiinylidene)ethanone and

Related Ethanones

Eldon H. Sund,” Charles E. Beall, and Paul A. Borgfeid

Department of Chemistry, Midwestern State University, Wichita Falls, Texas 76308

Eleven 1-phenyl-2-(4(1H )-quinazolinylldene)ethanones
were synthesized by the condensation of
4-methylquinazoline and the requisite methyl benzoate
ester with sodium hydride as the condensing agent.
Substitutents In the 3- or 4-positions of the phenyl ring
were chioro, dimethylamino, methoxy, methyl, and
trifluoromethyl.

In connection with our interest in enolizable ketones (7) we
recently had need of some 1-phenyl-2-(4(1H)-
quinazolinylidene)ethanones which carried substituents in the 3-
or 4-position of the phenyl molety, the substituents being chloro,
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dimethylamino, methoxy, methyl, and trifluoromethyl (Figure 1).
The parent compound has been prepared by Higashino (2) and
Singh et al. (3, 4). Singh et al. (3, 4) also prepared the 4-
methoxy and 4-methyl compounds. The method of Rauch et
al. (5) was found to be a suitable procedure to produce the
requisite ketones in adequate yield.

Table 1 lists the 1-phenyl-2-(4(1H)-quinazolinylidene)-
ethanones prepared as well as the melting points and yields.

Experimental Section

The 2-methylquinazoline was prepared by the method of
Schofield and Swain (6). The substituted benzoic acids were
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