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gcmische wurden fur Referenz und Probe cinzeln hergestellt. Dabei wurdcn bei gleichcn Konzen- 
trationcn jeweils dieselben Pipetten verwendet. 

111s Tcst zur Reproduzierbarkcit wurdeu die gcsamtcn Messreihen wicdcrholt durchgefuhrt 
untcr Vcrwcndung von Losungen verschiedener Einwaagcn (3 Einwaagen fur I1 (Me), je 2 Ein- 
waagen fur I1 ( t -Bu)  und I(t-Bu). Dss bei der Herstcllung von Dimethyl-pentaacetylen erhaltenc 
Eluat wurdc als solches vcrwendet (s.o.). Einc Eichung der optischen Dichte von I(Mc) crfolgtc 
nach [lo]. 

Frau Dr. E. Schmidt dankcn wir fur wertvolle Ratschlagc beim Durchfiihrcn der WV.-Mcssun- 

Die vorlicgende Arbeit ist Tcil des Projektes SR. 2.477.71 des Schmeizerischen Nationulfonds 
gcn. Der Firma Ciba-Geigy A G .  gebiihrt unser Dank fur die finanzielle Untcrstiitzung. 

zzw Fijrderung der wissenschaftliche?z Forschung. 

LITERATTJRVERZEICHNIS 

[l] H .  Christen & P. A .  Straub, Helv. 56, 739 (1973). 
[2] F. Feichtmayr, E. Heilbronvzer, A .  Niirrenbach, H.  Pomnter & J .  Schlugcg, Tetrahedron 25, 

[3]  H .  Bock & H. SeidE, J. chem. SOC. 1968, 1158. 
[4] H .  A .  Stuart, Dic Struktur des freien Molekiils, Springer-Verlag, Berlin (1952). 
[5] , I .  Haink, Losungsniittelspektren im fcrnen UV., (unveroffentlicht). 
[GI a) ,J. B .  Armitagc, E .  R. H .  Jones & M .  C .  Whittilag, J. chem. SOC. 1952, 2014. 

[7] F.  Bohlmann, E .  Inhoffeiz & P. Herbst, Chem. Ber. 90, 1661 (1957). 
[8] H .  Schlubach & IT. Framen, Liebigs Ann. Chem. 568, 141 (1950) und 572, 116 (1951). 
[9] ,J. B. Armitage. E .  H .  H .  Jones & M .  C.  Whit ing,  J. chern. SOC. 1952, 1993. 

5383 (1969). 

b) E.  R. H.  Jones, Record Chem. Progr. 14, 1 (1953). 

[lo] I;. Bohlmann, Chem. Bcr. 86, 657 (1953). 
[ l l ]  a) E. R. H .  Jones, M .  C .  Whit ing,  J .  R .  Armitage, C. L. Cook & E.  Entmishle, Nature 168, 900 

1)) C .  I-. Cook, E .  R. H .  Jones & M .  C.  Whit ing,  J. chem. SOC. 7952, 2883, (vgl. auch [6] b). 
[ l Z j  E. Kloster-Jenseiz, Angew. Chcm. 84, 483 (1972); Int .  Ed. 11, 438 (19721, und darin zitiertc 

Rcfcrenzen. 

(1951). 

176. Intramolecular Diels-AZder reactions: construction of aza- and 
diaza-steroid type skeletons 

by Heinz W. Gschwend 
Rcscarch Department, Pharmaccuticals Division 

CIRA-GEIGY Corporation, Summit, Ncw Jersey 07901 

(24. IV. 73) 

Summary .  The preparation of 2-(4-phcnyl)butadienyl-pipcridine 5 is described. An intra- 
molecular Dials-Aldw rcaction of the intermediately formed fumaramidc thcrcof produces 
stercoselcctively the tricyclic lactam 6. Its  structure, as well as the configurational relationship of 
its 5 asyrnmctric centers, is corroborated on the basis of the NMR.-data. Cycloacylation of the 
thermodynamically stable precursors 13 and 20 leads to  pentacyclic aza- or diaza-steroid 
typc skcletons. Their structures (14,16 and 21) and in particular their relative configurations arc 
claboratcd. A few qualitative kinetic aspccts of this intramolccular (4+ 2)-cycloaddition are 
presented. 

As we have reported earlier rl], the intramolecular Diels-Alder reaction of N-pen- 
tadienyl-arrylamides constitutes an extremely useful and facile way for the regio- 
specific and stereocontrolled construction of perliydroisoindolines. The present in- 
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vestigation provides a further example as to how such reactions can serve as a central 
key in the elaboration of more complex molecules, in particular of pentacyclic mono- 
or diazasteroid-like skeletons. 

At the outset we chose 2-(4-phenyl)butadienyl-piperidine 5 with one center of 
asymmetry as the diene component for the intramolecular cycloaddition reaction. 
Its preparation from readily available starting materials was carried out in analogy 
to the reported synthesis of Nigrifactiiz [2] (scheme 1). A low temperature 1,Z-addi- 
tion of the lithiated 2-methyl-Al-tetrahydropyridine 1 [3] to cinnamaldehyde 2 pro- 
duced the relatively unstable p-imino alcohol 3 in essentially quantitative yield. 
Its NMJ3.-spectrum reveals, inter alia, the characteristic absorptions of the allylic 
H at 6 = 4.7 ppm with equal coupling constants of 6 Hz to both CH,- and vinyl- 
protons, tlie adjacent vinylic hydrogen at  6 = 6.21 ppm with coupling constants of 
16 Hz ( t ram)  and 6 Hz (to allylic H) and tlie exocyclic or-imino methylene protons 
as a multiplet a t  6 = 3.55 ppni. Dehydration in degassed ZN sulfuric acid at 110" 
led to the unsaturated imine 4, which was isolated in 74% yield (based on 1) as its 
hydrochloride salt. An undesired side reaction, observed during the acid catalyzed 
dehydration as well as by storing 3 at  room temperature, was the readily occurring 
retro-aldol condensation. One of the more obvious features of the unsaturated 
imine 4 is its UV.-spectrum with a strong absorption at  310 nm (E  = 25.200) and the 
significant bathochromic shift to  354 nm (E  = 27.000) observed upon acidification 
of tlie solution. Bathochromic shifts of up to 50 nm of protonated versus nonproton- 
ated unsaturated imines are most characteristic for this type of chromophore and are 
well documented [2]  [4] [5]. 

Selective reduction of the (C=N)-bond was readily achieved using NaCNBH, [6] 
a t  pH 3-5 or, more economically and equally well, by reacting a solution of the 

200 250 300 nm 200 250 300 nrn 
UV.-Sfiectrum in CH,OH of Dienomycin-C-hydrochkoride [7] and 5-hydrochloride 
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hydrochloride salt of 4 in ethanol with an excess of NaBH,. The reaction could very 
conveniently be monitored by observing the disappearance of the 354 nm absorption 
in the UV.-spectrum. The crystalline amine 5 was isolated in over SO% yield and 
again revealed a highly characteristic UV.-spectrum (fig.) which is virtually super- 
imposable with the UV.-spectrum reported for Uieno.rizycin [7] is], a natural anti- 
biotic isolated from the culture filtrate of strain M C  67-ct. Since the amine 5 essen- 
tially represents the basic skeleton of Dienowycin, lacking only the CH,- and acyloxy- 
substituents in the 3 and 4 positions of the piperidine ring, this synthetic route seems 
to delineate one fcasible approach towards an elaboration of the natural product 
itself. 

The intramolecular Diels-Alder reaction of the aniide derived from the amine 5 
and the acid chloride of monoethyl fumarate proceeded very rapidly and under ex- 
ceedingly mild conditions. Upon addition of the acid chloride to an ice cold mixture 
of 5 and a tertiary amine as HC1-scavenger, the intermediate substrate could not even 
be isolatcd. After work-up of the reaction mixturc, the major crystalline product 6 
of this two step sequence was isolated in better than 7076 yield. The structure of 6 is 
secured on the basis of the analytical and spectral data. The 1R.-spectrum shows the 
absorptions of the  cster carbonyl at 1715 and of the lactam at 1690 cm-'. The assign- 
ment of the configurational relationship of the four newly introduced asymmetric 
centers is primarily based on the assumption of an eizdo addition, i.e., a maximal 
n-electron overlap in the transition state leading to the cycloaddition [9]. Stability 
considerations of transition state and product with the help of Zlwid ing  models hardly 
permit a prediction or an actual assignment of tlie configurational relationship bc- 
tween the original asymmetric carbon atom and the newly created cliiral centers. 
The actual stereocheniical assignment as shown in 6, in particular the trans diaxial 
relationship of protons H-5 and H-4, is based on the NMR.-spectrum and the ana- 
lysis of double resonance experiments. Proton H-5 appears at 3.15 ppm (see Table) 
as a doublet of doublets with two large t r a m  diaxial couplings (J4, - 11 Hz, J 5 ,  axial 
N 11 Hz and Js,equatorial = 4 Hz). Two additional and quite evident features in tlie 
NMR.-spectrum of 6 are: The equatorial H-8, strongly deshielded by the coplanar 
lactam carbonyl and the relatively high field signals of the ethyl ester protons at  
6 = 3.66 and 0.84 ppm, shielded by the n-electrons of the co-equatorial phenyl ring. 
Furthermore, the CH,-part of the ester protons appears as an ARX,-system suggesting 
hindered rotation of the carboethoxy group. 

Careful chromatography of the motherliquors of 6 gave access to small amounts 
(1-3% yield based on 5) of the epimeric ester 7, whose Nl\ilR.-spectrum differs from 
the one of 6 only in the region of the piperidine ring protons. Most significantly, 
H-5 appears at  somewhat lower field (3.5 ppm) than in 6, and the broadness of the 
signal reflects the two smaller couplings with H-4 and the adjacent axial proton in 
the piperidine ring. 

Hydrogenation of 6 produced the lower melting dihydroderivative 9 (Schemc 2) 
in which the deshielded equatorial H-8 still appears as a broad doublet at  6 = 4.07 
ppm ( J  = 11 Hz) unobstructed by H-1 which, as a simple benzylic proton, now ab- 
sorbs at  higher field. 

Reduction of 6 with LiAlH, in ether gave a high yield of the crystalline amino- 
alcohol 11, exhibiting no internal hydrogen bonding and thus further confirming the 
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trans-fusion between cyclohexene and adjacent five membered ring. With the lactam 
carbonyl reduced, the NMR.-signal of H-8 is no longer deshielded. 

Base catalyzed equilibration of 6 in anhydrous methanol gave access to the 
thermodynamically more stable ester 8 (90% conversion), in which both epimerizable 
centers had been inverted and the ester exchanged. The hexahydroisoindolone system 
is now cis-fused and the phenyl- and carbomethoxy substituents are in a trans diequa- 
torial relationship. The ester carbonyl, no longer disturbed by the influence of the 
phenyl ring (as in 6), appears a t  a normal frequency of 1731 cm-l. One of the more 
evident features in the NMR.-spectrum of 8 ( c j .  Table) is the identity of the chemical 
shifts of the two vinyl protons, appearing as a virtual singlet a t  6 = 5.9 ppm. The 
dideuterio derivative D,-8 was most conveniently prepared by subjecting 6 to the same 
equilibrating conditions in CH,OD. According to its mass spectrum Dz-8 contains 
less than 5% D, and less than 1% Do. Its NMR.-spectrum in combination with those 
of 6, 7 and 8 (Table) serves to firmly establish the trans diaxial relationship of H-7 
to both H-1 and H-6. Whereas H-1 appeared as a doublet in 8 with a coupling con- 
stant of J = 10 Hz, it has now collapsed to  a singlet in D,-8. 

Catalytic hydrogenation of 8 produced the dihydro derivative 10, and reduction 
with LiAIH, produced the crystalline aminoalcohol 12. The latter displays no intra- 
molecular hydrogen bonding which would sterically only be possible with the methanol 
substituent in an axial position. 

Scheme 2 
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Hydrolysis of the ester 8 gave access to the acid 13, persistently cocrystallizing 
with methylenechloride. Reesterification with diazomethane reproduced the starting 
material 8, thus excluding any additional epirnerizations. 

The acid 13 lent itself as an attractive precursor for pentacyclic structures. Cyclo- 
dehydration with polyphosphoric acid (ppa) proved to  be the inethod of choice, since 
the formation of the acid chloride was rather difficult and could only be achieved in 
modest yields via thc sodium salt/oxalyl chloride method [lo!. Thc pentacyclic 
ketone 14 was isolated in 7276 yield. Its UV.-spectrum with a A,,, at 242 nm ( E  = 

11800) and the 1R.-absorptions a t  1718 and 1688 cn-' are in agreement with t h  
newly formed indanoric structure. Spin-spin decoupling experiments again not only 
permittcd the assignment of protons H-1 - H-9 in the NMK-spectrum of the ketone 
14 (Table), but also provided enough information for the determination of the sterco- 
chemical relationships between these protons. Of particular interest was the question 
about the relative orientations of H-6 and H-7, protons at centers which seemed to  

Table. C h e m i d  sh f f t s  (7 of protoizs in ppm 

Com- H-1 I€-2 13-3 €1-4 H-5 H-6 H-7 H-8 H-9  
pound K' 

14 

8 e8 NH 16 

@ \ 8 21 

3 03 6.11 -5.7 2.19 3.15 2.59 3.15 4.0.5 2 59 

4.0 6.1 5.7 2.72 3.5 2.72 3.13 4.0 2 72 

3.56 5.9 5.9 2.59 3.12 2.42 3.01 4.07 2.6 

3.56 5.9 5.9 2 3 9  3.12 - - 4.07 2.6 

4.01 5.72 5.65 2.5 2.8 2.94 3.4 4.2 2.7.5 

3.56 5.4 5.82 2.62 3.3 2.88 4.42 4.22 2.88 

2.9- 6.4 5.95 2.4- 2.9- 2.4- 2.9- 4.1 2.4- 
3.7 2.8 3.7 2.8 3.7 2.8 
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have a potential for inversion during the ppa-cyclization. According to the coupling 
constants of 7.5 Hz for both H-6 and H-7 the trans diaxial arrangement originally 
present in 8 and 13 no longer seems to exist. It is thus assumed that under the acidic 
cyclization conditions the intcrmediatcly formed trans-fused indanone is equilibrated 
to the tliermodynamically more stable cis-fused product 14, in which protons H-1, 
H-4, H-6 and H-7 are all positioned on the same sidc of the fused cyclohexene ring. 
Such an all-cis arrangement of the cyclohexene substituciits moves the axial proton 
H-5 into the shielding area of the indanone carbonyl or phenyl n-electrons. It appears 
at d = 2.8 ppm, thus 0.35 ppm highcr than in compounds 6 or 8. This phenomenon 
adds additional evidence to the suggested trans diaxial arrangement of H-4 and H-5 
in compounds 6, 8 and 14, as opposed to the cis relationship in 7. 

Expansion of ring B to a d-lactam, thus producing an 8,16-diazasteroid type skele- 
ton, was feasible either via a Beckmann rearrangement of the corresponding oxime or 
a Sclamidt reaction directly on the ketone 14. Oximation of 14 predominantly produced 
tlie syn-isomer 15 (syn OH/plienyl) . Upon rearrangement with thionyl chloride in 
methylene chloride, the pentacyclic dilactarn 16 was obtained in 64% yield. The 
question as to which of the two possible: isomeric lactams was actually formed was 
easily answered on the basis of the presence of an isoquinolone chroniophore in tlie 
UV.-spectrum 1232 nm (F  = 9400)], which disappeared upon reduction of both lactam 
groups with diborane, such as in 19 (Scheme 2). Furthermore a deshielded aromatic 
proton with an ortho- and meta-coupling (7 and 2 Hz respectively) is observed at 
S = 8.06 ppni. Spin-spin decoupling experiments permitted the assignment of pro- 
tons 1-9 (Table). The proposed cis-fusion of rings SjC is based on the following 
observation: There is a definite absence of the large axial/axial couplings one would 
expect, and actually did observe in 8, for H-1 and H-6 if H-7 assumed an axial posi- 
tion. The well defined doublet of doublets signal for H-7 with J1, = Js,, = 4 Hz 
results from two equal axial-equatorial couplings. Furthermore, H-7 experiences as 
strong deshielding effect from the carbonyl of the y-lactam. Thus, during the Beck- 
wann rearrangement (as well as the Schmidt reaction, see below) the stereochemistry 
at  the migrating carbon atom is retained. A Schmidt reaction on the ketone 14 pro- 
duced the same dilactam 16 in 46% yield. Surprisingly, recrystallization of crude 
16 from ethanol or ethyl acetate led to two isomorphic crystalline forms differing 
markedly in the 1R.-spectrum recorded in nujol. While the crystals obtained from the 
more polar and protic solvent (ethanol) exhibit a sharp absorption band for a free, 
nonbonded N-H at 3390 cm-l and a carbonyl frequency at  1670 cm-1 with a shoulder 
at 1680 cm-l, the crystals grown in the nonprotic ethyl acetate, favoring internal 
hydrogen bonding, show a broad NH-absorption at  3250 cm-l and two clearly sepa- 
rate carbonyl bands at  1655 and 1675 cm-l. The solution spectra (in CH,C1, or 
CHCl,) as well as the NMR.-spectra of both isomorphic forms, however, proved to be 
identical. 

Unambiguous evidence for the cis-fusion of rings B/C/D in 16 was sought by 
synthesizing tlie epimer 21 (Scheme l), in which the stereochemistry at C(7) would 
be inverted. The same acid 13, which served as a precursor for the pentacyclic ketone 
14, was subjected to a Curtius degradation leading to the crystalline isocyanate 20 
in virtually quantitative yield. Since this process is known to proceed under retention 
of configuration [ll], the trans diaxial relationship of H-1 - H-7 - H-6 must be re- 
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tained in 20. A cycloacylation of 20 under Lewis acid catalysis produced the new, 
epimeric pentacyclic lactam 21. Besides a somewhat lower frequency of the NH- 
absorption in the 1K.-spectrum of 21 (3355 cm-I as against 3390 cm-l in 16), indicat- 
ing intramolecular hydrogen bonding, it is the comparison of its NMR.- spectruni 
with the one of its epimer 16 which confirms the earlier configurational assignments. 
The following marked differences clearly and unambiguously support the stereo- 
chemistry as indicated (Scheme 1, Table) : In 16 the vinyl proton H-2 appears at  
rather high field (5.4 ppm) due to  the shielding exerted by the n-electrons of the 
aromatic ring]). In the epimer 21, however, H-2 is coplanar with the phenyl ring and 
is hence deshielded, appearing 100 Hz lower at  S = 6.4 ppm. In 16 H-7 (at 6 = 4.4 
ppm) experiences a deshielding effect exerted by thc y-lactam carbonyl similar to 
the one of 13-8. In 21 on the othcr hand, with H-7 in a t r a m  diaxal position to both 
H-1 and H-6, this is no longer thc case, and 11-7 absorbs in the normal area of ca. 
3 ppni. 

Discussion. - While intramolecular cycloadditions have not received much atten- 
tion in the past, this type of reaction most certainly has to  be recognized as a powerful 
tool in the synthesis of complex organic molecules. This has been demonstrated very 
recently in the synthesis of various natural products [l2-14]. 

The present study points to three aspects, all related to the intramolecularity of 
the Dick-Alder reaction. First, the exceedingly mild conditions that lead to thc 
cycloaddition. As has been indicated rl5j and actually demonstrated [l j before, this 
is mainly a consequence of the niucli inorc favorable entropy term as compared to 
the biniolecuIar (4 -b 2)-cycloaddition. M'ith .IS c- below - 20 e.u. the free energies 
of activation (A(;*)  are generally about 5-7 kcal/mol lower than in the bimolecular 
reactions. Another factor which seems to have a considerable effect on the rates of 
such intramolecular cycloadditions is the conformational equilibrium of the substrate. 

Scheme 3 

A B 

Because of the rigidity added through the presence of the piperidine ring, con- 
formers A and B (Scheme 3)  are the mo5t important ones to be considered for the 
intramolecular cycloaddition *). While it is difficult to  assess the conformational 
equilibrium of a non isolablc substratc, it suffices to state that the populations of 
conformers A and B, arising from a rotation around the (C-N)-amide bond, are pro- 

l) 

2, 

H-2 lies beneath the plane of the phenyl ring as evinced by molecular models. 
Clearly the transoid dime-conformers arc quite important too, particularly in vicw of their 
large population. Because of their (and the chair/boat conformers of the pipcridine ring) 
irrclevance to the point of interest, they are deliberately neglected. 
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bably within the same order of magnitude. With thc conformer A thus expected to 
have a respectable population, the energy needed to bring the molecule into a con- 
formation resembling the transition state (i.e. conformer A!) is minimal. As we have 
denionstrated in a similar case [16] the consequence of this phenomenon is most likely 
to be a yet lower enthalpy of activation. Secondly, the steric control during the 
cycloaddition with its rather high degree of stereoselectivity. From a qualitative 
kinetic aspect it should be noted that the seemingly minimal difference in the activa- 
tion energies for either 6 or 73) is translated into a high degree of stereoselectivity. 
We ascribe this to  the fact that  due to  the 'intrainolecularity' of the reaction and 
consequently due to the low activation energy (low temperature), the cycloaddition 
is allowed to  proceed under 'minimal conditions' with a maximal spread of the 
respective ,4G* 's. One might anticipate that at  higher temperatures .JAG* would 
become smaller and hence the stereoselectivity less pronounced. Thirdly and finally : 
Starting with a relatively simple and quite easily acccssible starting material (2.e. 5) 
with only one center of asymmetry, a complex pentacyclic molecule (i.e. 14, 16 or 21) 
with five asymmetric centers becomes accessible in just a few steps and in a stereo- 
controlled way. The terminology 'diazasteroid type skeletons' certainly points to the 
possibility that the carbocyclic skeletons of the well known parent compounds may 
well be accessible in a likewise synthetic sequence. 

The author would like to thank Dr. N. Finch for his encouragement and support of this work 
and Mr. 1,. .Dovjma?t and his staff for the analytical data. I t  is a particnlsrprivilege to acknowledge 
the outstanding work of Mr. Robert AT. Gruliclz in recording and interpreting the 100 RIHz KMK: 
spcctra. 

Experimental Part 

The physical data were obtained as follows: M.p. (not correctcd) in a Thomas-Hoover melting 
point apparatus; IR., Perkin-Elmer 521; UV. ,  Cavy 14; Xass spectra A E I  MS 902 by direct 
insertion; NMR., Varian A-60 or XL-100 or HR-220, using tctramcthylsilailc as internal standard. 
Abbreviations: (b) broad, (w) weak, (sh) shoulder, (ex) exchangeable with D,O, (s) singlct, (d) 
doublet, ( t )  triplet, (4) quartet, (nz) niultiplet. The coupling constants are given in Herz (Hz). 

AZcohoZ 3. A solution of 1.6 M n-BuLi (31 nil, 50 mmol) in hexane was added dropwise to a 
cooled (0') solution of 7.05 ml diisopropylaminc (50 mmol) in 50 ml dry ether under an atmosphere 
of nitrogen. After the addition was complete, the temperature was lowered to - 30' whereupon 
a solution of 4.85 g Z-methyl-d'-piperideinc (1) (50 mmol) in 50 ml dry ether was added. After the 
addition stirring was continued for h and then the tcmpcrature was lowered to  - 70". Then 
a solution of 6.6 g trans-cinnamaldehyde in 50 ml ether was slowly added and thereafter the tem- 
perature was allowed to reach 0". The reaction mixture was then quenched with icclwater, the 
ethereal layer separated and dried over Na,SO,. After removal of the ether on the rotary evap- 
orator, a solid residue (11.1 g) of the moderatcly stable alcohol 3 was obtained. NMR. (CDCI,) 
on crude material: 6 1.3-2.5 (nz, 8H), 3.55 (nz, ZH); 4.7 (Jam = Jan = Jax = 6, 1H); 6.1 (bs, ex,  

4 g of the above crude product were dissolved in 30 ml acetone and neutralized with ethereal 
HCI to produce 4.2 g crystalline hydrochloride salt, n1.p. 135-137". - IR. (Nujol) 3200, 1690 (w) 
cm-*. - UV. (CH,OH) : 253 nm/17500, 282 nm/3300, 291 nm/2600. 

C,,H,,NO. IICl (275.76) Calc. C 67.80 H 7.59 N 5.27% Found C 67.57 H 7.59 N 5.56% 

Dehydration o f 3  to 4. Crude solid imine alcohol 3, from a 100 nimol experiment, was stirred for 
45 min in 280 ml degassed ZN H,SO, in an oil bath (110') under an atmosphere of nitrogen. After 

111); 6.21 (Jab = 16, J a x  = 5.5, 1H); 6.7 (Jab = 16, 1H);  7.1-7.6 (m, SH). 

5) Stability considerations of the transition states leading to 6 or 7 with the help of Dreiding 
models do not permit an unambiguous prediction of the major kinetic product. 
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cooling the mixture in an ice bath, the acidic-aqueous phase was washed with ether, separated, 
then inadc basic with 30y' NaOH solution and the product extracted into CH,Cl,. After drying 
ovcr Na,SO, and removal of the solvent on the rotary cvaporator a solid residue of 18.7 g was 
obtained. The residue was dissolved in acetonc mtl neutralized with ethereal HC1 to give 18.3 g 
(747,; ovcrall) analytically pure salt: m.p. 178.-180". IK. (Kujol): 1650, 1620 cm-l. - UV. (CH,OH) : 
acidic, 247 nm/8200, 354 nni/27000, basic 226 nm/ll30U, 232 nn1/11200, 302 (sh) nm/24900, 310 
nni/25200. 
C15111,N . IICl (247.7) Calc. C 72.73 11 7.33 N 5.65% Found C 72.41 H 7.31 K 5.71% 

Reduction o f 4  to 5 .  h solution of 24.8 g iminc hydrochloride (100 mmol) in 500 ml ethanol w-as 
stirred at 1-oom temperature and 4.0 g NaI3I-I, was atldcd in portions. After 1 11 the ethanol was 
removed in vucun, excess hyclride tlcstroyecl with dilute NaOH a n d  the product extracted into 
CI12Cl,. :\ftc!r drying the organic layer ovcr Na,SO, and removal of the solvent in vacuo a solid 
residue of 21.5 g was obtained. Recrystallization from n-hexane gave 17.2 g (81%) 5, m.p. 94-96" 
and a second crop of  1.0 g (1n.p. 91-94"). - I€?. (CH,Cl,) : 3330, 1595, 090 cm-l. - UV. (CH,OH): 
209 nm/15800, 220 nni/13300, 226 nm/13400, 276 (sh) Ilm/33900, 286 nni/37400, 296 nm/27800, 
307 (sh) nm/35100. XMK. (C1Kl.J: 6 1.0-3.4 (m,  111 cx+911); 5.6- 6.9 (m. 3 H ) ;  7.1--7.5 (m, 6H).  

('15€l19N (213.31) Calc. C 84.45 H 8.08 N 6.57 Found C 84.68 H 8.81 N 6.57% 
Cycloadditiow o j f i  wrth iLe aczd chlovide of wzoizocthyl Jzrmrrate fn  6 +  7. To a n  ice cooled solution 

of 32 g (0.15 mol) aminc 5 and 13.8 ml pyridine in 1 1 CH,CI, mas dropwise added a solution of 27 g 
fumaric acid chloridc monocthylestor (0,166 mol) in 250 ml of CH,Cl,. After the addition was 
complete, thc dark reaction niixliirc was stirred for an additional 2 h. a t  0". The CH,Cl, was then 
removed on the rotary evaporator, thc rcsiduc takcn up in ethyl acetatelether and washed with 
cold, tlilute HC'1, then in the  following scquoncc with cold xvatcr, with dilute Na,CO, and finally 
with saturatcd XaC1-solution. All aqneous layers were extracted again with ether. The combined 
organic layers irerct dried ovcr Sa,SO, and siniultaneouslp trcatcd with charcoal. After filtration 
through cclitc awl rcnioval o i  the solvcnt, the solid rt.siduc was rccrystallized from hot ethyl 
acctate/hcxanc to give a first crop of 33.2 g 6 (m.1). 129 131') (650,;) and a second crop of 7.2 g of 
less pure 6 (m.p. 115--120'). An analytical sample of 6, 1n.p. 12%131", showed the following 
characteristics: IR. (Nujol) 171.5, 1690 cn-l. - NXIK. (CUCl,, 220 XMz) : 6 0.86 (t ,  J = 7,3H); 1.0- 
1.55 ($92, 311); 1.7 (nz, 1H) ;  1.93 (nz. 111); 2.19 (nz, 2 H ) ;  2.59 ( t , J = = 1 2 . 5 , 2 H ) ;  3.11 (m, 2 H ) ;  3.66 
( A R X , , J  = 7and3.2,2H);3.93(~~11,1H);4.05(rl(b),J = 12, lH);5.7(6l ines ,J  = 10and3,lH); 
6.11 (6 lines, ,I = 10 and 2, 1H); 7.05-7.3 (in, 511). 

C,,TT,,NO, (339.42) Calc. C 74.31 €I 7.42 N 4.13% Found C 74.08 €3 7.38 N 4.33% 
Chroniatography of a part of the mothcr liqnor of 6 on silica gel (benzene with increasing 

portions of ether) gavc access to small amounts (450 mg) of the epinieric ester 7, pure by TLC. 
Recrystallization from cthpl acetatc/hexanc produced an analytical sample, m.p. 146-148". - 
1R. (Xujol): 1724, 1681 cm-I. - XMR. (CDCI,): 8 0.89 ( t ,  .I = 7, 3H) ;  1.2-2.2 (m, 7H);  2.4-4.1 
(m, 713); 4.22 (m, 1II);  5.75 ((jlincs, J = 10 mcl2.5, 1H); 6.17 (Glines,J = 10 and2,  1H); 7.0-7.5 
(m, SH). 
C,11-I,5N0, (339.42) Calc. C 74.31 H 7.42 S 4.13% Fonnd C 74.36 H 7.80 N 4.18% 

Equilihvation of6  lo 8. A solution of 32.5 g (95.8 mmol) cster (6) in 500 ml methanol and 235 rnl 
of a freshly prcpared 0 . 9 2 ~  solution of NrtOClI, (217 mmol) in methanol was refluxed under an 
atmosphcrc of nitrogen for 19 h. After cooling, the nicthanol was removed on the rotary evaporator 
and the residue taken u p  in 1 1 of ethcr and 110 ml ice cold Z N  H,SO, and 20 ml of a saturated 
NaH,YO, solution. The layers were separated, the organic phase washed successively with dilute 
ice cold NaOII, water, NaH,P04 solution and finally with a saturated NaCl solution. The solvent 
was then evaporated and the solid residue recrystallized from CH&l,/hexane to give 25.05 g (81%) 
of 8 (m.p. 132.5-134") and a scconcl crop of 2.25 g (m.p. 128-130'). - IR.  (Nujol): 1731, 1677 
cm-l. - XMR. (CDCl,): c? 1.0-3.3 (WZ, 911); 3.49 (s, 311); 3.59 (d(b), J 5 10, 11.1); 4.07 ( d ( b ) ,  

C,,II,,NO, (325.39) Calc. C 73.82 H 7.12 N 4.307; Found C 73.99 H 7.35 N 4.51% 
Eywilihration of6 to D,-8. A solution of 500 ing cstcr 6 in 10 ml CH,OD containing 100 mg T\'a 

was refluxed under an atmosphere of nitrogen for 19 h. After cooling the solution, the methanol 
was removed in vacaio and the residue talcen up in ice cold D,O/ethcr. The ether was subsequently 

J = 13, 1H); 5.9 (s, 2 H ) ;  7.0-7.4 (5€I).  
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washed with saturated NaCl solution, dried ovcr Na,SO, and evaporated. The residue was 
crystallized from ether/hcxanc to givc 280 mg D,-8, m.p. 133". - &Is.  : 327 (100) 326 (8.7) 325 (0.5) 
:. lcss than 5% D,-material. - NMR. (CDCl,, 220 MHz) : d 1.13-1.45 (m, 3N) ; f.73 (m, 1 H) ; 1.91 
(*z, 1H); 2.15 ( d ,  J = 12, 1H); 2.5'1 (m, 2 H ) ;  3.14 ( t  (b), ,I = 10, la); 3.49 (s, 3 H ) ;  3.59 (s,  11-1); 
4.07 (d, J = 12, 1H);  5.9 (s, 1H) ;  7.13 ( d ,  J GZ 5,  2H) ;  7.28 ( m ,  3H). 

Hydvolysis of 8 to 13. A solution of 14 g 8 (43 mnwl) in 180 ml ethanol and 180 nil 0.511. 
aqueous XaOH was refluxed for 4l/, h .  Thc ethanol was thcn romovcd on the rotary evaporator, 
the aqueous phase m-ashed with ethcr and then acidified with HCl. The acid was extracted into 

€I,Cl,, the solvent partially removed after drying over Na,SO, and thc product crystallized from 
H,Cl,/ethcr to  give 15.95 g acid 13, nxp. 185-187'. (The acid co-crystallizes with - 1/2 CH,Cl,).- 

IR .  (Nujol) : 1735, 1665 cni-1. 
C1,Hz1N0,+0.55 CH,CI, Calc. C 65.58 €I 6.07 C1 10.897; N 3.91 

(358) Found I ,  65.22 ,, 6.37 ,, 10.79% ,, 4.01 

Reduct ion of 6 to 9. A solution of 6.0 g (17.7 mmol) of 6 in 150 ml of ethanol was hydrogenatcd 
over 500 mg 10% Pd/C at 3.4 atm. hydrogen pressure for 11/, h. After filtration from thc catalyst 
and removal of the ethanol in vucuo, the residue was crystallizcd from cther/hexane to  give 4.5 g 
(75%) crystalline dihydroestcr 9, m.p. 90-91". - 1R. (Nujol) : 1720, 1691 cu-l .  - NMR. (CDC1,) : 

C,,H,,KO, (341.43) Calc. C 73.87 H 7.97 N 4.10% Found C 74.03 H 8.16 iY 4.22% 

ReductioTz of8 to 10. A solution of 3.5 gestcr 8 (10.8 mmol) in 100 in1 of ethanolwas hydrogenated 
over 300 nig 10% Pd/C a t  3.4 atm. hydrogen pressure for 11/, 11. ,Iftcr filtration from the catalyst 
and removal of the solvent i~ vucuo, the residue was crystallized from ethcr to  give 3.0 g (86%) 
crystalline dihydroester 10, m.p. 130-132". - IR. (Nujol): 1731, 1680 c1ii-l. - NMK. (CDCI,): 

C,,,H,,X03 (327.41) Calc. C 73.36 H 7.70 N 4.28% Found C 73.53 IT 7.74 N 4.30% 
Reduct ion o f 6  to the awino  alcohol 11. 7.7 g (22.7 mmol) of the ester 6 were dissolved in 570 ml 

dry ether and refluxcd for 4 h. with 4.5 g (120 mmol) Li.\IH,. Excess hydride was then destroyed 
by careful addition of 4.5 in1 H,O, 4.5 ml 15% NaOH and 13.5 nil water. The granular inorganic 
precipitate was filtcrcd and the volume of the clear filtrate reduced t o  100 ml. The product (11) 
thus crystallized to  give 4.46 g (m.p. 151-152") and 1.32 g (1n.p. 147-148") (total 90%). - I H .  
(CH,CI,): 3610, 3100-3400 (broad), 1595 (w), 1490 cn1-l. - NMR. (CDCI,): 8 1.0-3.4 (17H incl. 
1 ex); 3.8 (broad, I H ) ;  5.63 (m, J = 10 and 3 and 1 ,  1H); 6.1 ( d x  d, ,I = 10 and 1, 1H); 7.28 
(s, 5H).  

C19H,,N0 (283.4) Calc. C 80.52 H 8.89 N 4.9474 Found C 80.40 13 8.83 N 4.93% 
Reduction o f 8  to amino alcohol 12. 8.1 g (25 mmol) of thc cster 8 were dissolved in 600 ml dry 

ether and refluxed for 4 h. with 4.9 g LihlH, (0.13 niol). The excess hydride was then destroyed by 
carefully adding 4.9 ml water, 4.9 ml15% NaOH and 14.7 in1 water. After stirring for 1 h. a t  room 
temperature, the granular precipitate was filtered off and the volurnc of thc filtrate rcduced to  
about 100 ml. Thc amino alcohol 12 crystallized out t o  givc 4.0 g, m.p. 113-114" (an additional 
3.15 g were isolatcd from the mother liquor as the HCI salt, m.p. 305-307"; total yield: 94%). - 
IR. (CH,Cl,) : 3625, 3100-3500 (broad), 1600 (w), 1493 cn-l. - NMR. (CDCl,); 8 1.0-3.6 (18H 
incl. 1 ex) ; 5.78 (s, 2 H) ; 7.0-7.5 (wz. 5 H). 

C,,H,,NO (283.4) Calc. C 80.52 H 8.89 N 4.940,: Found C 80.36 H 8.56 N 4.97% 
CycZization of13 to pentacyclic ketone 14. 6.0 g (17.2 mmol) of thc acid were stirred for 1 h 

in 180 g polyphosphoric acid in an oil bath of 140'. The hot dark rcd mixture was thcn poured on 
crushed icc ancl the product extractcd into CHzC1,. The organic layer was subsequcntly washed 
with dilute NaOH and dried over Na2S04. After removal of thc solvcnt 4.09 p. ncutral material 
was obtained. The ketone 14 was crystallized from ethyl acetate to  give a first crop of  2.63 g 
(m.p. 196-198") and a second crop of 1.0 g (m.p. 194-196") (total 72%). - IR. (CH,CI,) : 1718,1688 
cm-l. - UV. (CH,OH) : 242 nm/11800, 288 nm/2100. - NMR. (CYCI,, 100 MIIz) : S 1.0-1.5 (112, 3H) ;  

(nz, ,I = 6 and 2, 1H);  4.2 ( d x  d (b), J = 13 ancl - 3, 1H);  5.65 (8 lines, J = 10.5 and 2, 1H) ;  

C,,H1,NO, (293.35) Calc. C 77.79 H 6.53 N 4.77% Found C. 78.13 TI 6.59 N 4.79% 

80.83 (f, J = 7, 3 H ) ;  1.0--3.5 (16H); 3.75 (q, J = 7, 2 H ) ;  4.07 (d  (I>)> J = 11, 1 H ) ;  7.23 (s, 5H).  

6 0.9-3.3 (16H); 3.36 (s, 3 H ) ;  4.13 (d(b), J = 13, l € I ) ;  7.23 (m, 5H). 

1.5-2.1 (m, 3H) ;  2.5 (m, 1H); 2.6-3.0 (m, 2H) ;  2.94 (t ,  j = 8, 1H);  3.4 (t ,  J = 7.5, 113); 4.01 

5.82 (d(b), J = 10.5, 1H) ;  7.25-7.75 (m, 4 H ) .  
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Oxiine 15. A solution of 1.465 g ketone 14 (5 mniol) and 420 m g  liydroxylamine hydrochloride 
(6 niinol) in 6 . j  in1 ethanol and 1.25 ml pyridinc was rcfluxed for Z1/, h .  The mixture was cooled, 
dilutcd with CH,Cl, and u-ashed with dilute Na,CO,. Aftcr drying thc organic layer over I\ia,S04 
and evaporating, the solid residuc was rccrystallizcd from ethanol to  give 1.1 g of the pentacyclic 
oxinic 15, dcc. p. 255'. - lli. (Nujol) : 3170, 30G0, 1670 cni-l. - ITV. (CH,OII) : 247 nm/9000, 284 nm/  
3200. 
C191-I,,K~C~2 (308.37) Calc. C 74.00 H 6.54 K 9.0Sog Found C 74.16 H 6.48 N 8.830/6 

l?envvuiageineizt to pe?ztacyclic dilactawz 16.-a) From oximc 15. h suspension of 500 mg of thc 
oxiriic 15 in 40 nil Cl-lzCls was rc:fluxcd under an atmosphcrc of nitrogen with 0.6 nil SOCI,. The 
homogcnous solution was then stirred with sonic water for 10 min., transferred to  a scpar;ttory 
funnel and the organic laycr was dricd over Sa,SO,. Aftcr rcmoval of the solvent, thc rcsidue of 
500 ing was rccrystallized Irom cthyl acetate to  gi\,e 320 mg cryst;dline product (16), m.p. 245-248" 
(64%)). - IK. (Nujol) :  3250, 1675, 16.55 c ~ i i - ~ ,  in (CllCIJ:  3390, 1667 cm-l. - UV. (CH,OH): 
232 nni/9400, 278 (s) nnij1000, 286 (s) nm/700. - NMli .  (CDCl,, 100 MHz) :  B 0.95-1.6 (m, 3 H ) ;  

(s (b), 1 H ) ;  4.22 (d (b), J = 12.5, 1H);  4.42 ( t ,  ,T -= 4, 1 H ) ;  5.4 (d (b), J : 10, 2Hincl.  1 ex);  5.82 
(G lincs, 
Cl9Hs0N2O2 (308.37) Calc. C 74.00 H 6.54 N 9.09[;$ Found C 74.38 I3 6.55 N 9.00yo 

b) Fmm ketone 14. To a cold solution of 2.93 g (10 mmol) ketone in 60 ml benzene and 7.5 ml 
conc. sulfuric acid are addcd, dropwisc with stirring, 10 nil of a 1.55 hi HN, solutionin benzene. .\fter 
the addition the mixture is stirred for another 3l/, h. The mixture is then carefully neutralized 
with conc. Na,CO, and the product cxtracted into chloroform. Aftcr drying ovcr Na,SO, and 
removal of the solvent the rcsidue is crystallized from CH,Cl,/ethcr to  give 1.67 g, m.p. 240-250". 
Rccrystallization from ethanol gavc 1.35 g, m.p. 249-.251" (46%). - 1R. (Nujol): 3390, 1680 (s), 
1670 cn-1. .- I l i .  (CH,Cl,), UV. (C11,OH) and NMR. (C,L)CI,) itlcntic,;tl to 16 obtained via Beckmunn 
rearrangcmcnt. 
C ~ y H 2 0 ~ 2 0 2  (308.37) Calc. C 71.00 H 6.54 N 9.09% Found C 74.36 H 6.46 N 9.07% 

Kedzrction of16 to 17. iZ solution 01 1.5 g dilactani 16 in 100 nil ethanol was hydrogenated ovcr 
200 nig 100/, Pd/C a t  3.4 atm. hydrogen pressurc for 11/, h. Filtration of thc catalyst and removal of 
the solvcnt in vucuo gavc 1.5 g of a rcsiduc which was crystallized from CH2C12/ether to give 1.4 g, 
m.p. 192-205". Recrystallization from ethyl acctate/ethanol gavc 950 mg, m.p. 202-20.5". -- IR. 
(Xujol) : 3270, 1670 (s) cn-l. - UV. (CH,OH) : 233 nrn/9800, 272--280 nm/940, 288 (sh) nm/710. 
C,9H,,N,C)z (310.38) Calc. C 73.52 H 7.14 N 9.03% l ~ o u n d  C 73.71 H 7.11 N 9.09% 

Reduct ion of 16 to monolactam 18. 300 mg (-1 mmol) dilactam was stirred in 20 nil tetra- 
hytlrofuran with 200 mg LiA111, a t  25" Ior 3 h. Excess hydridc was destroyed with 0.2 rnl water, 
0 . 2  nil 15%) NaOH and 0.6 nil water. The mixture was diluted with ether, Iiltercd and all solvent 
evaporated. The residue of 300 mg was crystallized from ether to  produce 80 mg 18, m.p. 188 - 
191". - IR. (Kujol) : 3260, 1647, 1590, 1570 cn-l. - IJV. (CH,OH) : 230 nni/8400, 280 (sh) nm/ 
900. ~ NMR. (CUCI,): 8 0.9-3.7 (14H); 4.0 ( t ,  ,7-4, 111); 5.47 (d (b), J = l 0 ,  1H);  5.9 (6 lincs, 
J = 10 and -3, 111); 6.95 (s, 1 H  ex.) ;  7.2-7.6 (m ,  3 H ) ;  8.1 ( d x d ,  ,J = 7 and 2, 1H).  
C,,li,,N,O (294.4) Calc. C 77.52 I1 7.53 N 9.52y0 Found C 77.12 H 7.38 N 9.41% 

Reduction of17 to 19. A solution of 740 rng of dilactam 17 in 45 ml dry tetrahydrofuran was 
rcfluxetl for Z1/, h. with 12 mmol diborane. Then the mixture was cooled in an ice bath and 18 ml 
5 N HC1 were carefully added. Subsequcntly the tetrahydroIuran was evaporated a t  atmospheric 
pressure, the acidic residue made basic with saturatccl Na,CO,-solution and the product extractcd 

fter drying and evaporating the solvent, the rcsiduc of 720 mg was dissolved in 
othanol and ncutralizccl with cthcrcal hytlrochloric acid. Thus 720 mg of crystalline dihyclro- 
chloridc of 19 were obtained, dcc. p. > 260' (8876). - lli. (Nujol)  : 3300-3600 (b), 1570, 1490 cn-1. - 
UV. (CH,OH) : benzene absorption. 
CIyH,,N, * 2 HCl (353.3) Calc. C 64.58 H 7.99 N 7.937; Found C 64.20 H 8.17 N 7.9276 

Isocyanate 20 from 13. To a solution of 1.4 g (4 mmol) acid 13 in 8 nil of acetone, 0.8 ml of water 
and 0.61 ml of triethylaminc was added a t  0" 0.44 in1 cthyl chloroformate. Tlic mixture was stirred 
at 0" for l/, 11 and then a conc. aqueous solution of NaN, (5.5 mmol) mas added. Alter stirring 

1.6-2.1 (WZ,  2H); 2.16 ( d ,  J = 12.5, 1H);  2.4-2.9 (WZ,  2 H ) ;  2.9 (q ,  J = 4 ,  1H);  3.3 (VZ, 1H) ;  3.56 

= 10 and 3, 1 H ) ;  7.2-7.6 ( n ~ ,  311); 8.06 ( d x  t l ,  J = 7 and 2, 1 H) .  
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for 1 h at O", the acetone was removcd in uacuo without external heating, the residue taken up 
in CH,Cl, and washed with ice cold water. l\ftcr drying the organic layer over Na,SO,, the solution 
(ca. 150 ml) was refluxed for 31/4 h. The solvent was removed to givc a crystalline, colorless residue 
(1.32 g) of isocyanate 20, which was used in the ncxt step without purification. - IR. (CH,CI,) : 
2270, 1683 cm-'. 

Cyclzzation of 20 to  21. A solution of 920 mg of 20 (3 mmol) in 60 ml of CH,Cl, was refluxed 
with 850 mg XICI, (6.4 mmol) for 5 h. Thc rcaction mixture was poured on ice/dilutc HCI, the 
organic layer dried over Na,S04 and the solvent removcd. The solid rcsidue (920 mg) was re- 
crystallized from hot cthanol t o  givc 440 rng of pure 21, m.p. 248-249". - IR. (CH,Cl,): 3355, 
1665-1675 (broad) cm-l. - UV. (CH,OH) : 231 nm/9700, 276 nm/980. - NMK. (CUCI,, 100 MHx) : 
61 .0 -2 .3 (m,6H);2 .&2 .82(m,3H);2 .9 -3 .7 (~~ ,3H);4 .1  (dxd ,J=12and4,1H);5 .95(6 l ines ,  
J = 10and3 ,  1H); 6.4 (d ,  ,T = 10, 1H);  7.18 (s, exch., IH);  7.25-7.62 (m, 3 H ) ;  8.12 ( d x d ,  J = 7 
and 1.5, 1H). 
ClsHzoN,O, (308.37) Calc. C 74.00 H 6.54 N U.09yo Found C 74.13 H 6.69 N 9.11% 
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177. ober die Cyclialkylierung von Dimethylarylhexanolen I) 

Vorlaufige Mittcilung 2, 

von Edgardo Giovannini und Kurt Brandenberger 
Organisch-chemischcs Institut der Univcrsitat Freiburg 

(19. VI. 73) 

Einleitung. - In  unsere Untersuchungen uber die Cyclialkylierung der Dime- 
thylarylpentanole 1 und 2 in Schwefelsaure, iiber welche .wir demnachst in dieser 
Zeitschrift berichten werden, haben wir auch - in einem weiteren Schritt - die 

l) 

2) 

Teil der geplanten Dissertation von K .  Brandenberger, Universitat Freiburg 
Ein ausfuhrlicher Bericht erfolgt demnachst in diescr Zeitsclirift. 




