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Abstract - The synthesis of novel N- substituted 5,5-dimethyl-2,5-dihydro-4H-
isoindol-4-ones by reaction of 5,5-dimethy}-2,5-dihydro-4H-isoindol-4-one (1)
with appropriate electrophiles {methyl iodide, 3,3-dimethylallyl bromide, 2-/V,N-
dimethylethyl chloride, ethyl 3-bromopropionate, benzoyl chloride, N, N-dimethyl-
chloroformate, phenyl chloroformate) is described. Moreover, detailed nmr

spectroscopic studies (‘H, '*C) with the title compounds are presented.

INTRODUCTION

In contrast to the widespread occurrence of the indole skeleton as structural element of many natural
products the isoindaole system is part of only a very few naturally occurring compounds,' As we showed in
an earlier study, the isoindole nucleus is accessible upon reaction of 6,6-dimethylcyclohexadienone with
metallated tosylmethyl isocyanide leading to 5,5-dimethyl-2,5-dihydro-4H-isoindol-4-one (1).* The regio-

selectivity of this reaction can be explained by the typical charge distribution of hexadienones with the

* Dedicated with best personal wishes to Prof. Dr. H. Oelschldiger on the occasion of his 75th anniversary
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consequence of positive charge concentration at C-3, being characteristic for dienones,’ and furthermore
by sterical hindrance of the 6,6-dimethyl group which prevcﬁts an attack at C-5 and likewise favours an
attack at C-3 of the dienone system. Whereas - in continuation to the above study” - investigations
concerning the synthesis of potential pharmacologically active isoindoles employing this approach are in
progress, in this work we describe the synthesis of novel N-substituted 5,5-dimethyl-2,5-dihydro-4H-
isoindol-4-ones (2) - (9) (Scheme 1) by reaction of 1 with appropriate electrophiles. Furthermore, in
view of the fact that there is only little ¢ nmr data material available for isoindoles,* detailed nmr

spectroscopic studies with the title compounds are presented.
RESULTS AND DISCUSSION
Synthesis

For producing the desired N-alkyl-, N-acyl- as well as carboxylic acid derivatives of 1 we tried to find a
generally applicable synthetic method. After some preliminary trials the phase transfer catalyzed
N-acylation method of indoles (described by V.0. HIi") seemed to be convincing. This method uses
pulverized NaOH/Bu;N-HSO, in CH,Cl; and was developed to circumvent the problem of poly-acylation
of the indole core. In a similar way, starting from 1 we thus obtained a series of selectively N-substituted
alkyl-, aminoalkyl-, and carboxyalky] products (2, 3, 5, 6), and further the N-acyl-, urethan- and carbamate
derivatives (7 - 9). Only the use of the highly reactive dimethylallyl bromide resulted in a mixture of
N-substitution product (3) and the C-1,N-diallyl derivative (10). Finally, without addition of an electrophile
the solvent CHoCl, itself reacted with two equivalents of 1 to afford the bis-substituted methylene

compound (4).
Nmr Spectroscopic Investigations
The 'H nmr data of compounds (1) - (10) are collected in Table 1, Table 2 contains the '>C chemical shifts,

whereas Table 3 gives a survey of the C,'H spin coupling constants determined. Complete and

unambiguous assighments were performed on basis of different nmr technigues such as NOE difference
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experiments,® selective 1D-TOCSY’ spectra, fully 'H-coupled ’C nmr spectra (gated decoupling), direct
3¢ 'H shift correlations (HMQC)® and long-range INEPT spectra with selective DANTE excitation.” The
13¢,'H spin coupling constants were extracted from the gated decoupled °C nmr spectra, from "*C satellite
signals in the 'H nmr spectra and, particularly, from two-dimensional long-range INEPT spectra'® with
selective excitation of unequivocally assigned proton resonances.

As an example, compound (2) may serve. Irradiation of the 5-(CH;), resonance (1.21 ppm) in an NOE-
difference experiment enhances the doublet signal of the spatially close H-6 proton (5.71 ppm, J = 9.6 Hz);
reversely, perturbation of the H-6 resonance generates NOEs for the signals of 5-CH; and H-7 (Figure 1).
This consecutively assigns the double doublet with 6.38 ppm (J = 9.6 Hz and 0.7 Hz) to be due to H-7. A
further NOE difference experiment (strong NOE on the signal of H-1 upon irradiation of the H-7

resonance) allowed to distinguish between the signals of H-1 and H-3 (Figure 1).
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Figure 1. Identification of H-6 and H-1 via NOE-difference experiments
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Based on the complete assignment of protons, in an HMQC experiment the carbon signals of C-1, C-3,
C6- and C-7 (and of 2-CH; and 5-CH;) now could be unequivocally identified. Asssignment of the signals
of the quarternary carbons C-3a, C-4, C-5 and C7a was achieved vig long-range INEPT experiments with
selective DANTE excitation of the H-1, H-3, H-6, H-7, and 5-CH; resonance, respectively. The same
techniques were also applied for the assignment of resonances of the substituent R, if necessary (e.g.
compounds (3), (5), (6), (7), (95, (10)). Overlapping signals belonging to different spin systems were
discriminated by selective 1D-TOCSY experiments (e. g. 1- and 2-substituents in compound (10) or
Ph H-3,5 and isoindolone H-1 in structure (9)).

Whereas the direct *C,'H spin coupling constants could be easily extracted from the fully lH—cc')upled c
nmr spectra (or were determined coﬁsidcring the °C satellite signals in the 'H nmr spectra), the
unambiguous determination of many long-range couplings was not possible in this way owing to
complicated splitting patterns and overlapping lines, Additionaily, the unequivocal discrimination between
coupling constants of similar magnitude from the gated decoupled spectra (e.g. *J(C3a,H1) versus
2J(C3a,H3) for carbon atom C-3a) is a very difficult task. However, the absolute values of these coupling
constants could be obtained employing two-dimensional long-range INEPT experiments with selective
DANTE excitation of unequivocally assigned (and well separated) proton resonances. In Figure 2, two
examples are demonstrated with N-methyl congener (2): upon selective excitation of the H-1 signal all
carbon atoms which have a long-range coupling to H-1 (C-7a, C-3, C-3a, C-7) appear in the 2D (3, J)

spectrum (the *J coupling with NCH; is outside of the depicted part of the spectrum), the absolute values




of the coupling constants can be easily extracted from the appropriate 1D-traces (Figure 2a). Similarly,
selective excitation of H-7 permits to determine 3(C7a,H7), *KC3a,H7) and *J(C5,HT) (Figure 2b)." It
should be emphasized, that in those cases when coupling constants could be determined according to both

of the above methods (gated decoupled spectra and 2D-(§, J} spectra) a good correspondence between the
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obtained resulfs was observed.

Figure 2. a) 2D (8, J) Long-range INEPT spectrum of 2 resulting from selective excitation of H-1

(optimized for J = 6 Hz);

excitation of H-7 (optimized for J = 6 Hz).
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The data in Tables 1 - 3 coarsely reflect the influence of the N-2 substituent R on the chemical shifts and
spin coupling constants. Expectedly, the attachment of more electron withdrawing functional groups at

N-2 (compounds (7) - (9)) leads to a deshielding of H-1 and H-3. Whereas the 3C chemical shifts of the
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Table 1. "H-NMR Data of compounds () - (10) (solvent: CDCIy)

0
3a 3
—\2
_N-R
8 ; 7a 1
"H-chemical shifts (8, ppm) coupling
No. H-1 H-3 H-6 H-7 5-CH; HofR constants
1 669 739 574 647 125 1021(NH) »
2 646 722 571 638 121  3.67(2-Me) b
3 649 728 570 638 121 444 (2-CH,Y, 5.35 (=CH)*', 1.77 (E)-Me), 1.74 ((Z)}-Me) b
4 665 751 575 636 122 591(2-CHp) °
5 679 752 573 638 119 467 (2-CHp), 3.54 (Me,NCH,¥, 2.82 (NMe;) b
6 653 728 570 636 120 419 Q2CH)", 276 (COCH,)", 4.13 (OCH,Y, 1.21 (Me)! b
7 729 778 587 645 127  7.75(PhH-2,6), 7.52 (Ph H-3,5), 7.64 (Ph H-4) o
8 68 758 577 638 122 3.07(NMey) b
9 728 804 587 644 128 7.25(PhH-2,6), 7.44 (Ph H-3,5), 7.31 (Ph H-4) b
10 -° 725 565 641 122  4.38(2-CHy), 5.28 (=CHY, 1.77 ((E)-Me), 1.72 (Z)-Me) d

* 4J(H1,H3) = 1.7 Hz; "KH3,H7) = 0.7 Hz; *J(H6,H7) = 9.6 Hz.

Typical spin coupling constants for compounds 2 - 9: *3(H1,H3) = 2.0 - 2.1 Hz; *J(H3,H7) = 0.6 - 0.3 Hz; *J(H6,HT) =
9.5-9.8 Hz.

1-Substituent: 3.34 (1-CH,}, 5.15 (=CH), 1.72 ((E)-Me and (Z)-Me); coupling constants: 3J(1-CH,,=CH) = 6.8 Hz;
J(=CHMe) = 1.5 Hz.

SKH3,H7) = 0.6 Hz; *I(H6,H7) = 9.7 Hz.

3J(2-CH,,=CH) = 7.3 Hz.
¥=CHMe) = 1.4 Hz.

33(2-CHz, Me,NCH,) = 6.3 Hz,

3J(2-CH,,COCH,) = 6.7 Hz.

*OCH,,CH;, = 7.1 Hz.

7J(2-CH,,=CH} = 6.9 Hz.
¥ 4N=CH,CH,)= 1.5 Hz.

o

o

- ] - a o

-
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Table 2. '*C-Chemical shifts (8, ppm, solvent: CDCls) of compounds (1) - (10)

1917

O
3 3
— N2
- N—R
& ; 7a 1
No. C-1 C-3 C3la CH4 C-5 C-6 C-7 C-7a 5CH; CofR
1 113.8 1208 1188 2016 457 1374 1156 1249 26.0 -
117.1 1236 119.0 1995 455 1379 1152 1256 260  36.8 (Me)
1158 1223 1187 1996 455 137.8 1153 1254 260 47.6(2-CHy), 118.7 (=CH), 138.5
{=CMe,), 25.6 ((E)-Me), 17.9 ((Z)-Me)
1153 1225 1203 1999 457 138.8 1149 1266 260 62.6 (CHy)
5 1169 1224 1201 1999 457 1384 1151 1261 260  45.0(2-CH,), 57.6 (Me;NCH,),
43.7 (NMe,)
6 1162 1227 119.1 1996 455 1379 1152 1255 260  45.6(2- CHy), 35.9 (COCHy),
170.4 (CO), 61.0 (OCHy), 14.0 (CH;)
7 1153 1233 1221 2003 460 140.0 115.0 1266 26.0 167.7(C0O), 131.9 (Ph C-1), 129.6 (Ph C-
2,6), 128.8 (Ph C-3,5), 133.0 (Ph C4)
1156 1219 1203 2000 458 1389 1149 1251 260 153.5 (CO), 38.6 (NMe,)
114.8 1221 1223 1998 459 139.8 1148 1266 260 148.4(CO), 150.0 (Ph C-1), 120.9 (Ph
C-2,6), 129.7 (Ph C-3,5), 126.8 (Ph C-4)
10 127.0° 1217 1178 1997 455 136.5 1150 1218 262  45.1(2-CHy), 119.2 (=CH), 137.6

(=CMe3), 25.6 ((E)-Me), 17.9 ((Z)}-Me)

* Substituent at C-1: 23.6 (1-CHy), 121.1 (=CH), 132.9 (=CMe,), 25.5 ((E)-Me}, 17.8 {(Z)-Me.



Table 3. 3C,'H Spin coupling constants (Hz) of compounds (1) - (10) (solvent: CDCly)

No. 1J(CLH1) 3NC1H3) 3(CLH7) 3I(C3H1) 'WC3H3) 3J(C3aHl) 2(C3aH3) °KC3aH7) 3I(C4HE) 3HC4.S5-CH) U(CSH6) KC5HT J(C5,5-CH,)

1 187.3 7.0 22 6.3 188.3 6.6 6.9 55 6.7 3.7 i1 8.2 38
2 186.1 6.3 20 55 187.6 6.8 6.7 55 6.5 3.7 31 8.1 38
3 186.0 63 20 54 187.6 6.8 6.7 55 6.6 3.7 3.0 8.1 38
4 187.5 59 52 189.1 69 - 6.3 55 6.7 3.8 3.0 8.1 38
5 187.8 188.2

6 186.4 6.1 5.2 187.9 6.9 6.6 56 6.5 37 8.2 38
7 1935 49 4.6 194.6

8 1915 1.8 49 1926 5.5 6.7 38 31 8.1 38
9 1949 46 20 43 196.5 74 6.1 56 6.7 38 29 3.8
10 - - 187.6 -

No. 1J(C6,HE) *HC65-CHy) *NCTHI) NCTH7) 2KC7aH1) 3KC7aH3) 3NC7aHE) 2(CTaHT} 3J(5-CH H6) “I5-CHH7) J(5-CH,) 315-CH,5-CH,)

1 159.2 4.3 1.6 161.3 7.6 58 . 11.7 34 24 03 129.0 5.1
2 158.9 4.3 L7 161.1 74 6.2 11.7 34 24 08 1289 51
3 158.8 42 1.9 160.8 13 6.3 11.7 34 24 129.0 52
4 159.4 43 1.7 162.1 7.0 6.3 11.9 35 24 129.0 il
5 159.4 162.0 129.1

6 158.8 44 1.7 161.2 7.3 6.3 1.7 34 24 08 128.9 5.2
7 1595 43 20 163.0 . 129.3

8 159.3 43 19 1624 7.2 6.7 119 35 25 08 129.1 5.1
9 1596 44 20 163.1 7.2 7.0 12.0 K] 24 07 129.3 5.1
16 1586 42 - 159.1 -- 1287

other couplings (nuclei of R involved):

2:3KC1,2-CH,) = 3.2;3HC3,2-CHy) = 3.5; U(2-CH,) = 139.5; *JQ-CH, H1) = 1.7; 3J2-CH, H3) = 2.5. 3: }(C1,2-CH,) = 3.1; 3i(C32-CH,) = 3.4; 3J2-CH,H) = 1.7;
3(2-CH,,H3) = 2.2; 'K(2-CH,) = 138.8; 21(2-CH,=CH) = 3.1; 2(=CH,2-CH,) = 5.5; 'J(=CH) = 157.0; *J(Me,C.2-CH,) = 5.1; 2J(Me,C.CH,) = 6.6; 3J(E)-Me,=CH) = 6.9;
LK(E)-Me) = 126.1; 3J(E)-CH,,(2)-CH,) = 4.4; *K(2)-Me,=CH) = 8.1; 1K(2)-Me) = 126.0; *1(2)-CH,(E)}-CH,) =4.2. 4:I(C12-CH,) = 3.5; *(C3,2-CH,) = 3.7;
H2-CH,H3) = 2.8; I(2-CH,) = 153.2. 5: 'J(2-CH,) = 142.1; "J(Me,NCH,) = 143.9; U(NCH,) = 144.1. 6: >J2-CH,,H1) = 1.6; 3I2-CH,,H3) = 2.0; LI2-CH,) = 141.7;
2J(2-CH,,COCH,) = 4.7, (COCH,,2-CH,) = 3 4; 1J(COCH,) = 129.9; 2I(COO,COCH,) = 7.4; 'J(OCH,) = 147.8; 2OCH,,CH,) = 4.4; 2I(CH,,OCH,) = 2.6; 'I(CH,) = 127.7.
8: 3CON,NCH,) = 3.3; I(NCH;) = 139.2; *I(NCH,,NCH,) = 3.3. 10: 3J(C3,2-CH,) = 3.8; '2-CH,) = 138.2; 'J(1-CH,) = 126.4.

816L
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isoindolone system are only slightly affected, some “C,'H spin coupling constants are sensitive to a
variation of the N-2-substituent. Thus, 'J(C1,H1) and 'J(C3,H3) (and to a smaller extent also 'J(C7,H7))
increase with increasing electron-withdrawing properties of R, whereas - in contrast - *J(C1,H3) and

3J(C3,H1) decrease.
EXPERIMENTAL

Melting points were detected on a Reichert-Kofler hot-stage microscope and are uncorrected. The ir
spectra were recorded on a Perkin-Elmer FTIR 1605 sprectrophotometer. Mass spectra were obtained on
a Hewlett Packard S890A/5970B-MSD instrument or Shimadzu QP 1000 spectrometer. All nmr spectra
were recorded on a Varian Unityplus 300 spectrometer (299.95 MHz for 'H, 75.43 MHz for '°C) from
CDCl; solutions at 28°C. The solvent signal was used as an internal standard which was related to
tetramethylsilane with 8 7.26 ppm (‘H) and 8 77.0 ppm (’C). The digital resolutions were (.25 Hz/data
point for the 'H-nmr spectra, 0.56 Hz/data point for the braod-band decoupled *C-nmr spectra, 0.33
Hz/data point for the fully 'H-coupled C nmr spectra. The resolution for the 2D (8,J) spectra was 0.63
Hz, the experiments were optimized for a long-range *C,'"H coupling constant of 4 - 6 Hz. Column
chromatographic separations were performed by medium-pressure liguid chromatography (MPLC) on

Merck LiChroprep Si 60, 0.040 - 0.063 mm.

General procedure

To a well-stirred solution of 644 mg (4 mmol) of 1, 15 mg (0.044 mmol) of tetrabutylammonium hydrogen
sulfate and 400 mg (10 mmol) of finely powdered NaOH in dichloromethane (10 - 15 ml) was added drop-
wise under Nz-atmosphere a solution of 6 mmol reagent (methyi iodide, 3,3-dimethylallyl bromide, 2-N,N-
dimethylethyl chloride, ethyl 3-bromopropionate, benzoyl chioride, &,A-dimethyichioroformate, phenyi
chloroformate) dissolved in 10 ml of dichlormethane. After the appropriate reaction time (see following

table) the reaction mixture was filtered, dried with anhydrous MgSO, and concentrated in vacuo. The
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crude products were purified by flash chromatography; solvent CH;Cl; (1 and 2) or ethyl acetate/light

petroleumn 1/3 (3-9).

reaction time temp. yield (%) mp (°C)”

2 20h 20°C 51 88-89

3 75 min 0°C 20 50-52

4 48h 20°C 30 240-245
5 24 h 20°C 68 oil

6 48 h 20°C 61 53-55

7 75 min 20°C 60 oil

8 l1h 20°C 89 101-103
9 2h 20°C 75 oil

* Yields after recrystallization.
® Solid products were recrystallized from ethyl acetate/light petroleum.

2,5.5-Trimethy}-2,5-dihydro-4H-isoindol-4-one (2)
Ir (KBr): em™ 1640 (C=0), 1523 (C=C); ms: m/z (%) 175 (M",100), 161 (10), 160 (100), 146 (39), 132
(59), 131 (36), 117 (20), 91 (11). Anal. Caled for C;\H3NO: C, 75.40; H, 7.48; N, 7.99. Found: C, 75.13;

H,7.26; N, 8.17.

5.5-Dimethyl-2-( 3-methle-butenvl)-2.5-dihvdro—4H—isoindol—4—one 3)

It (KBr): em 1641 (C=0), 1518 (C=C); ms: m/z (%) 229 (M", 100), 214 (30), 161 (52), 146 (76), 132
(36), 118 (27), 117 (27), 69 (30). Anal. Calcd for C,sH;sNO: C, 78.56; H, 8.35; N, 6.11. Found:

C,78.33; H,832; N, 6.17.

2.2’ -Methylenebis-(5,5-dimethyl-2 5-dihydro-4H-isoindol-4-one) (4

It (KBr): cm™ 1646 (C=0), 1520 (C=C); ms: m/z (%) 334 (M*, 28), 174 (62), 72 (57), 71 (31), 69 (34),
60 (100), 58 (50), 56 (60). Anal. Calcd for C; HzN204: C, 75.42; H, 6.63; N, 8.38. Found: C, 75.21;

H, 6.44; N, 8.23.
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-5.5-dimethyl-2,5-dihydro-4 H-isoindol-4-one

Ir (KBr): cm™ 1646 (C=0), 1522 (C=C); ms: m/z (%) 232 (M", 8), 130 (2), 117 (1), 77 (2), 59 (100), 58
(20). Anal. Caled for CHaoN,O; C, 72.38; H, 8.68; N, 12.06. Found: C, 72.16; H, 8.66; N, 12.01.
The hydrochloride melted at 224-226°C (acetone).

Ethyl 3-(5.5-dimethyl-4-ox0-4.5-dihydro-4H-isoindol-2-yl)propionate (6

Ir (KBr): cm™ 1731, 1640 (C=0), 1527 (C=C); ms: m/z (%} 261 (M, 100), 246 (94), 218 (17), 161 (23),
158 (39), 144 (30), 130 (33). Anal. Calcd for CisH;sNOs: C, 68.94; H, 7.33; N, 5.36. Found: C, 68.82;

H, 7.34; N, 5.30.

2-Benzoyl-5.5-dimethyl-4.5-dihydro-4H-isoindol-4-one (7}
Ir (KBr): cm™ 1706, 1670 (C=0), 1524 (C=C); ms: m/z (%) 265 (M, 47), 220 (1), 160 (6), 132 (3), 117
{4), 105 (100), 77 (33), 51 (8). Anal. Calcd for C,;H;sNO,: C, 76.96; H, 5,70; N, 5.28. Found: C, 76.56;

H, 5.73; N, 5.06.

isoindole-2-N,

5,5-Dimethyl-4-ox0-4.5-dihydro-4H-
Ir (KBr): em 1692, 1655 (C=0), 1533 (C=C); ms: m/z (%) 232 (M*, 29), 217 (8), 160 (5), 132 (4), 130
(2), 117 (5), 77 (5), 72 (100). Anal. Calcd for C;3H;6N>0q: C, 67.22; H, 6.94; N, 12.06. Found: C, 67.37;

H,7.17; N, 12.04.

5,5-Dimethyl-4-ox0-4.5-dihydro-4H-isoindole-2-carboxylic acid phenylester (9

Ir (KBr): cm” 1770, 1760 (C=0), 1588, 1490 (C=C); ms: m/z (%) 281 (M", 100), 266 (80), 237 (6), 222
(8), 194 (5), 161 (8), 146 (9), 77 (22). Anal. Calcd for CsH;sNO;: C, 72.58; H, 5.37; N, 4.98. Found: C,

7241, H, 5.59; N, 4.70.

1.2-Bis-(3-methyl-2-butenyl}-5.5-dimethyl-2.5-dihydro-4H-isoindol-4-one (10)

Compound 10 was obtained as by-product (5 % yield) in the preparation of 4. Ir (KBr): 1636 (C=0), 1522
(C=0); ms: m/z (%) 297 (M*, 100), 282 (57), 254 (14), 229 (14), 214 (90), 161 (16), 160 (12}, 158 (11).
Anal. Caled for C;0HNQ: C, 80.76; H, 9.15; N, 4.71. Found: C, 80.34; H, 9.28; N, 4.78,
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