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AMnct-The NaBH, reduction of mono- and diaubstituted succinimides in the presence of hydrochloric acid 
leading to warbinol-lactams shows a remarkable regio- and/or stereo-selectivity. The reduction takes place at the 
most substituted CO in the succinimides. Possible explanations are reviewed. The preparative value of the method 
is amply illustrated. 

NaBHJH+ reduction of cyclic imides has been shown to 
afford mbinol-lactams in high yields via a simple 
experimental procedure.2 The latter compounds are of 
interest as valuable synthetic intermediates in the syn- 
thesis of a great number of heterocyclic compounds 
including alkaloids’ and may be regarded as cyclic Q- 
amido-alkylation reagents. 

In order to examine more closely the regio- and/or 
stereo-selectivity of the NaBI-I,/H’ reduction a number 
of substituted succinimides were subjected to the general 
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reduction procedure, the results of which are reported 
herein. 

A series of representative succinimides 14s were 
selected and prepared for the greater part according to 
standard procedures (Experimental). 

The ring substituents were chosen on the basis of an 
anticipated steric influence on the reaction course. A 
standard reduction technique was applied to all cases 
investigated which effected conversion of a single CO 
group into a hydroxy- or alkoxy function. Both the ratio 
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of stereoisomers and the regiosclectivity were deter- 
mined preparatively (in part) and by ‘H NMR In some 
monosubstituted succinimides the values so obtained 
were independently controlled by conversion into the 
corresponding 3-pyrrohn-2-ones via elimination of Hz0 
(or EtOH) under influence of acid. The results are ccl- 
lected in Table 1. 

TaMc I. NAB&/H+ reduction of succinimides la-lp aad Iv-lz 

Compound %t(R=HorEt)t 963(R=HorEt)t 

1P 59 41 
lb 40 60 
Ic 45 
Id 62 ;i 
lc 17 a3 

:: 
79 21 
63 31 

lb 87 13 
11 loo# - 

11 loO$ 
lk lW4 
II m$ - 
lm 1004 
II 85 15 
lo 1lW 
IP lcMi+ 
Iv 40 ii 
1W loO$ - 
lx 83 17 
1Y 83 17 
I2 73 27 

tProduct ratio were determined on the crude reaction 
products. 

*Small amounts (<5%) of the isomeric hydroxy (alkoxy) lac- 
tams 3 may be present. 
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IO,11 : R = p-NO,Ph 

EWULTS ANDIHSCUNON 

Regbselectiuity. To obtain information on the role of 
substituents on the selectivity of the reduction two cate- 
gories of succinimides were selected: the 3-mono (l+le 
and Iv) and 3,3disubstituted succinimides (If-lp and 
lw-1~). Reduction and work-up (method A or 3, see 
experimental) of la gave a mixture of the dinol- 
lactams 2a (5%) and 3a (41%) which was not separated 
but directly converted into the corresponding Zpyrrolin- 
2-ones 4 and 5. ‘H NMR (CDCl,) integration of the latter 
mixture confirmed its composition. H, in 4 was found at 
S 5.81 and H, in 5 at S 6.65. This product ratio is in 
closed correspondence with the results of Ohki.’ 

On the contrary substitution of the Me-group by a 
phenyl favored the reduction to occur at the less sub- 
stituted side. A mixture of 2b (40%) and 3b (60%) was 
obtained the composition of which was also indepen- 
dently determined by acid-catalyzed conversion to a 
mixture of 6 and 7. In the ‘H NMR of the latter com- 
pound the characteristic downfteld shift of both earyl 
protons as a result of the magnetic anisotropy of the 
neighbouring la&am-CO also coniirmed the structural 
assignment. Introduction of a substituent in the aromatic 
ring considerably affected the product ratio of 2 : 3 
depending on the nature and place of the substituent. In 
case of lc (R’ = pMeOPh) the product ratio was 2c:3c = 
45 : 55. On the other hand introduction of a pN0, group 
(ld) showed a product ratio of Zd : 3d = 62 : 38. Elimina- 
tion of Hz0 (EtOH) from the reduction products of lc 
progressed smoothly in refluxing EtOH in presence of 
HCI giving 8 and 9. The same procedure failed in case of 
Id only decomposition king observed. However, when 
the reduction products of Id were stirred in formic acid 
at room temperature a mixture of three compounds was 
formed. 

According to ‘H NMR (CD&) the mixture was com- 
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posed of 10 (47%), 11 (38%) and 12 (15%). Column 
chromatography and recrystallization afforded modera- 
tely stable 10 and 11. It was not possible, however, to 
isolate l2 in pure form because of contamination with 
decomposition products of 10. Introduction of the &NO2 
group dramatically changed the product ratio. Reduction 
of le (R’ = GN02Ph) gave 2e (R = H) and 3e (R = H) in a 
ratio of 17 :83. In the latter case the observed a 
difference in the reduction pattern is probably due to 
some form of dipole interaction beween the NO, group 
and the neighbouring CO. 

Upon introduction of a second C,-substituent the 
regioselectivity is markedly improving. While the 3,3- 
dimethyl- and 3-methyl-3-phenylderivatives lf and lg 
already show a clear effect the reduction of derivatives 
lblp proceeds almost completely at the most sub 
stituted CO (Table 1). In addition a high degree of 
stereoselectivitv is observed only one stereoisomer 
being isolated.-Thus the introduc&on of two relatively 
large substituents at a single carbon atom in succinimides 
effectively governs the course of the reduction, almost 
independent of the chemical nature of the substituent. 
SOme reductions were carried out also with KBH,. The 
results of this latter reduction process showed exactly 
the same product ratios as found in the NaBH, reduc- 
tion. 

In order to explain the foregoing result a hydride 
transfer according to a linear mechanism6 is most likely 
the course of which is determined by steric hindrance of 
the ring substituents. Furthermore the rate of the reduc- 
tion is highly dependent on the addition of acid. A 
mechanism in which the less hindered carbonvl of a 
nonsymmetrical cyclic anhydride complexes iith the 
reag&t cation anda CO from a second mole of substrate 
followed by hydride transfer to the more hindered CO’ 
seems unlikely. 

I 
I 

Although the latter mechanism eventually might 
account for the observed retioselectivitv of the imide 
reduction it fails to give an answer for thk activation bv 
acid. Furthermore it-does not account for the similar& 
of the results of the KBH, reduction. 

Also our first hypothesis* in which the regioselectivity 
was rationalized on the basis of a different electronic 
character of the two CO groups as a result of steric 
interactions has recently been’shown to be incorrect. 

X-ray measurements carried out with 11 show the 
complete coplanarity of the imide CO groups? Therefore 
a mechanism based on a general proposal for nucleo- 
philic addition to CO groups9 offers a satisfactory 
explanation. The hydride ion approaches via the less 
hindered CO and adds to the C atom of the more 
hindered one virtually along a straight line through the 
C-O bond. In the latter explanation the steric demands 
of the R’ and R’ substituents will effectiveIy govern the 
stereochemistry of the reduction process. 

Although the mechanism does not cover all our results 
it gives a reasonable explanation for the observed regio- 
and stereo-sele-ctivity. 

As was mentioned earliepb the reduction of unsub 
stituted succinimides in absence of H’ proceeds slug- 
gishly and incomplete while the m?jority of the products 
consists of ring opened material. In case of unsym- 
metrically ringsubstituted imides, such as lm, however, 
the reduction without acid gave in nearly quantitative 
yield 2u.1 (R= H) after stirring at 0” for 4Ohr. These 
results establish that H’ activates the imide C=O and 
inhibits ring opening the latter process bein 

?0 
also dis- 

favored by the presence of ring substituents. Further- 
more the regioselectivity is not affected by omitting the 
use of acid. 

The nature of the N-substituent has only a minor effect 
on the determination of the regioselectivity of the 
NaBH,/H’ reduction. This is demonstrated by the 
reduction of Iv and lw which compared to lb and lm 
gave almost similar product ratios. Also the reduction of 
lx-12 compared to If showed an analogous pattern 
(Table l).” 

Since other borohydride systems (NaBH3CN,12 
NaBHdHOAc’“) failed to reduce imides the NaBHdH’ 
procedure is the preferred method for the synthesis of 
substituted mbinol-lactams. A different way of syn- 
thesizing alkoxylactams was reported recently.l* 

O-alkylated imides prepared by the corresponding im- 
ide-Ag salts and ethyl iodide were reduced at room 
temperature with NaBH.,/EtOH to ethoxylactams in 
good yield. However, this method is restricted to N-H 
imides solely. Application of this technique to unsym- 
metrical imides gave in case of In a mixture of 2w 
(R = Et) (64%) and 3w (R = Et) (34%) and in case of lx a 
mixture of 2s (R = Et) (54%) and 3x (R= Et) (46%). 
From the results it appears that a similar pattern is 
observed as for the NaBH&’ reduction, albeit with 
much lower regioselectivity. 

The observed regioselectivity effect is of vital im- 
portance for practical applications of the method, e.g. in 
the synthesis of unsymmetrically substituted and N- 
condensed indoloalkaloids. Thus reduction and sub 
sequent cyclization of lz provides a mixture of 13 (73%) 
and 14 (27%) easily separable via column chromato- 
graphy. A second category of polyheterocyclics which 
can be synthesized is represented by the HCVMeOH 
cyclization of & affording 15 in good yield. Furthermore 
new syntheses of mesembrine,” dihydromaritidineL6 and 
physostigmine” have been realized which will be com- 
municated separately. 

Stem&e&al course, Although no definite proof 
exists for the position of H, in the reduced compounds 
2k2p (R = H) it is most likely to assume preferential 
hydride attack from the least hindered side. Pertinent 
information with regard to this question, however, could 
be obtained from reduction of selected 3,4disub 
stituted succinimides 1~1~. The bicyclic derivatives Ir 
and 1s gave single stereoisomers 2r (R = H), m.p. 107- 
108°C (EtOH), ‘H NMR S (CDCl3+D2O) 5.07 (d, J = 
5.5 Hz, lH, -N-C!&OD) and 2s (R = H), m.p. 1 ll- 
114°C (EtOH), ‘H NMR S (CDCl, + DzO) 5.07 (d, J = 
5.S Hz, lH, -Nx&OD) respectively in the reduction 
process. Both products show a coupling constant 
J W3Hk = 5.5 Hz being indicative for a cis relation be- 
tween H, and Hk.18 

Further support for this assignment was obtained from 
epimerization studies on 2r (R = H). Stirring of 2r (R = 
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elimination of EtOH from ethoxyderivatives 2r and 2s 
giving access to the isoindolin-l-one derivatives 16 and 
17. Because of the convenient preparation of the cor- 
responding imides via (4 t 2) cycle-additions” the 
methwI may serve to prepare a variety of l&Shy- 
drobenzene derivatives. 

In summary the foregoing results demonstrate the 
potential usefulness of functionally substituted (ucar- 
bin&lactams in certain types of heterocyclic synthesis. 
Further applications wilf he reported in due time. 

I 
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All m.ps are uncorrected. IR spectra were determined on 
Unicam SP-200 or Perkin-Elmer 257 instruments. The absorp- 
tions are located by their wave numbers (in cm-‘). ‘H NMR 
spectra were measured with a Vatian A&Q, AaD, HA-100 or 
XL100 spectrometer using TMS as internal reference. The 
abbreviations used are as follows: s, singlet; d, doublet; t, triplet; 
q, quartet; m, muhiplct. Mass spectra were recorded on an AEI 
MS-902 or Varlan Mat-711 mass spectrometer. Analyses were 
performed by Mr. H. Pieters of the Micro-analytical Department 
of our laboratory. Column chromatography was carried out on 
siIicage1 (activity grade II, W&m). 

Pnqwation of itnides 
(a) Dirccl methd The imides lelc, It, lm, lq-b and lo-ly 

were prepared by heating an appropriate primary amine with a 
dicarboxylic acid or its anhydride during 1 hr at Z’Kl-250”. In the 
preparation of the N-H and N-Me imides an excess of a 25% 
ammonia soln or 35% methylamine soln in water was used; 
heating at 2t&250’ was continued till no more amine was 
liberated, The products were purified by recrysta&.ation or 
distillation. 

Imidet Yield (96) b.p. (“C/mm) m.p. I”C)S 

la 85 116116!20 
lb 74 6%7 1 (EtOH) 
lc 76 l&126 (EtOH) 

:f, 
80 96-99113 
70 w92 (&OH) 

lq 80 RIO-104/14 
lr 82 50-51 (ether) 
k 86 7>74 (EtOH) 
1U 77 l&108 (EtOH) 
Iv 60 B&W (EtOH) 
1W 13P141 (EtOH) 
lx z l&107 (EtOH) 
1Y 76 85-87 (EtOH) 

?The compounds listed gave correct analytical data. 
#Uncorrected. 

(b) Alkyfatbn reaction. To a stirred mixture of the imide lb or 
Ie and K&O3 (5 weight eq.) in dry DMP was added an excess 
of the appropriate halogen compound. The mixture was stirred 
at r.t. uruier N2 for 2648hr and finally poured into Hz0 and 
extracted with ether. The crude product was purified by crystal- 
lization or distillation. 

hnidet Yield (%) b.p. (“c/mm) m.p. (“cl* 

tg 69 128-129B.3 
fb 72 133-135 (EtoH) 
II 81 184-186 @OH) 
11 66 82-86 (EtOH) 
lk 88 125-127 (EtOH) 
L1 95 77-79 (EtoH) 

lThe compoands listed gave correct analytical data. 
SUncorrected. 

(c) &fun&h naction. The imidcs In-lp were prepared by the 
method of Magarian~ from lb. 

Imidet Yield (%) m.p. (“c)t 

ln 74 221-2231 (EtOH) 
lo 69 18sl870 (isopropanol) 
IP 57 131-133 (EtOH) 

IThe compounds listed gave correct analytical data. 
SUncorrected. ’ 
4M.p. of imide-HCl. 

(d) Syrrthcsis of ld. A soln of lb (2.13 g, 11.27 mmolc) in 
HOAc (Uml) was treated with fuming HNO, (125 ml). The 
mixture was stirred for 3 hr at 60-70” and 12 hr at r.t. The sliitly 
coloured mixture was poured into ice-water and extracted with 
CHCI,. The organic soln was washed with sat NaHCO, aq, dried 
over Na$O, and fIltered. Evaporation of the f&ate atTorded a 
pale yellow oil in nearly quantitative yield. ‘H NMR analysis of 
the oil showed a mixture of ld (61%) and le (3996). After 
crystallization from EtOH pure Id was obtained (0.91 g), yield: 
3496, m.p. 126-lw (EtOH). IR (CHC13: 1785 (w) (imide-CO) 
1705 (vs) (imideC0) 1520, 1350 (s) (Nod; ‘H NMR: 6 (CD&) 
2.7b3.46 (m, 2H, C&-CO) 3.10 (s, 3H, -NxH,) 4.10-4.30 
(double d, lH, CO-C@Ar) 7.46 (d, 2H, aromatic H) 8.24 (d, 2H, 
aromatic H). (Found: C, 56.5; H, 4.2: N, 11.9. C,,H,&O, 
M = 234.21. Calc.: C, 56.41; H, 4.30; N, Il.%%). 

(c) Imide le was prepared by the method of Speckamp” from 
~nitro-benxaldehyde. 

(f) Imide It was prepared by the following method: A soln of 
trMs_3,4diihenylsuccinic anhydride (0.98 g, 3.88 mmole) in C&& 
(100ml) was stirred at r.t. while methylamiie was bubbled 
through the soln. The mixture was extracted with H,O. The Hz0 
layer was acid&d and the formed solid was filtered, washed and 
dried (0.97g). A soln of this solid (0.97g) in SoCll (5Oml) was 
rduxal for 46 hr. Evaporation to dryness afforded a green solid 
(0.89g). Cohmn chromatography on silicagel with hen- 
xeneltohrene l/l as an cluent afforded 1 - methyl - 3,4 - 
diphenylmaleimide as pale green crystals (0.67~) (65%): m.p. 
161-1620 (EtOH) (lit? 150. IR (RBr): 1760 (w) (imide-CO) 1690 
(va) (imide-CO); ‘H NMR: 8 (Cm13 3.13 (s, 3H, -N-C)_4 7.20- 
7.70 (iOH, aromatic H). MS: pa/c = 178 (66%), 205 (61). 263 (100). 
M’ (Found: C, 77.6; H, 5.0; N, 5.3. C1,H13NOs M = 263.28. CaIc.: 
C; 77.55; H, 4.98; N. 5.32%). 

1 - Methyl - 3,4 - dipbenylmaleimide (0.65 g, 2.47 mmole) was 
hydrogenated in EtOAc (3501nl) over Pt& (0.2Og) under at 
atmosphere of H, till no uptake of Hz was observed (1.5 hr). The 
catalyst was removed by filtration and the i&ate evaporated. 
The residual solid was crystal&d from CHClJEtOH giving 
0.45 g of It; yield: 68%; m.p. 186186’ (CHCIJEtOH). IR (KBr): 
1765 (w) @ideCO) 1670 (vs) (imidc_CO). ‘H NMR: 6 (DMSC& 
d& 2.98 (s, 3H, -N-C&) 4.29 (s, 2H, <H-C&) 7.28 (s, lOH, 
aromatic H). (Found 76.8; H, 5.7; N, 5.4. C,,H,,NOp M= 
265.30. Calc.: C, 76.96; H, 5.70; N, 5.28!?6). 

(g) Imide lx was prepared by. refluxing byptamine (2.oOg, 
12.5 mmole) and 2Jdimethylsuccinic anhydride (1.60 g, 
12.5mmole) in Nadried toluene for 17hr with use of a Dean 
and Sti apparatus f&d with molecular sieves 4A. After 
evaporation of the solvent and crystaUix&n from EtOH 2.43 g 
pure lr (72%) was obtained: m.p. 128-130’ (EtOH). IR (CHC&): 
3470 (s) (NH) 1770 (w) (im.ide-CO) 1695 (vs) (imide-C.0); ‘H 
NMR: 6 (CDCla 1.19 (s, 6H, 2 x-C&) 2.45 (s, 2H, -CxH&O) 
3.10 (broad t, 2H, ArxH_rCHTN-) 3.86 (broad t, 2H, A&HZ 
C&-N-) 6.w7.43 (4H,-indole II) 7.60-7.77 (lH, indole H) 8.28 
(lH, indole NH). (Found: C, 71.1; H, 6.7; N, 10.3. C,&,lN202 
M = 270.32. Calc.: C, 71.09; H, 6.71; N, 10.36%). 

Garcralproc&rrc for tlrc NaBH,IH+ tidon 
The NaBHJH+ reductions were carried out with a stirred soln 

of the imide in EtOH or a mixture of EtOH and THF or EtOAc 










