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The anion of dimethyl hanophthalate adds to i.mldazoliniLrm and ,_ . . _.... _.. 
tetrahydropyrMdinlun salts (Za,bJ to yleld imldazolldine and 
tetrahydropyrimidine adducts corr%ponding to methylenetetra- 
hydrofolate models (&b) These models transfer the carbon 
fragment 2-(MeCGC)C H @(cooMe)CH:to tryptamine to give an enaakn 
ester intermediate wh ch is cycllzed, in two steps to the y&it&&d 84 
skeleton 

Our continued interest in the synthetic applications of models of methylenetetrahydrofolate 

(5,10-CH2-THF) coenzyme has led us to consider facile3yt5es to heterocycllc systems related to 

various classes of indole and isoquinoline alkaloids ’ ’ In this connection we recently demonstr- 

ated that models derived fran substituted benzaldehydes, as starting materials, provided a one-pot 

convenient synthesis of the 5-ring skeleton corresponding to yohimbane derivatives 5a Since benz- 

aldehydes, with desired substituents, are not always accessible with facility, we have turned our 

attention to other aryl derivatives fran which "equivalent" 5,10-CHR-THF models can be derived 

In this paper we report the synthesis of models prepared fran hanophthalate ester and their utiliz- 

ation In the construction of the yohimbane skeleton Preliminary results of a part of this work 

have been camnunicated earlier 6 

In an orientation study, attempts were made to add the anion of la to salts 2a b to obtain - -1-y 
adducts corresponding to folate models of type 3 (Scheme A) These, however, proved to be unsuccess- - 
ful in our hands Presunably, delocalixatlon of the negative charge over the benzoate moiety suppr- 

esses the nucleophillc character of the methylene anion In view of this, it was rationalized that 

introduction of an electron withdrawing group in the side chain methylene (CH2R) might help to 

Increase the nucleophilicity of the desired anion This expectation was borne out by reactions of 

the anion of hanophthalate ester (lb) with salts 2a b whereupon, 3a b were obtained as crystalline - -9-l -)- 
or amorphous products in good yields It was recognized that both 3a and 3b represent mixtures of -- 
diastereaners The structure of one of the diastereaners of 2, m-p. 138-139oC,has been established 

as aR,2R by X-ray crystallography 7 In case of 2, the formation of only one diastereaner was 

observed While its gross structure was attested by its spectral data (vide experimental), the 

stereochemistry of 3b has not been established. - 
In the aforementioned reactions, varying amountsof enamine esters 4a b were formed during the -*- 
isolation of 3a,b The E-configuration of 4a and 4b is based upon Nuclear overhauser difference -- -- 
spectra, in both compounds the signals for the arauatic C(6) protons were enhanced upon irradiation 

of the relavent N-methyl groups The transfer of C(2 j-fragment of 3a b to tryptamine can be -I- 
achieved by reacting either pure 8a or 3b or mixtures of 3a + 4a or 3b + 5, with that amine, In -- --- 
the presence of acetic acid In all cases an isaneric mixture of2 (E/Z = 317) was obtained in 
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yields varying Frcm 60-m It should be noted that 5 (Scheme B) contains all the atans and suit- 

able Functional groups which are required For construction of the yohimbane skeleton In a prev- 

ious carmunication4 we have described the synthesis of the indoloquinolizidine skeleton employing 

the cyclization sequence AB - ABD - ABCD, starting out Fran an indole derivative 

In the case of yohimbane skeleton, the preferred strategy - starting with "transfer product,, 5 - 

Followed the pathway AB - ABC - ABCDE Acid catalyzed cyclizatlon of 5 (mixture) resulted In a - 
diastercmic mixture of 6a and 6b in the ratio of 4 1, respectively. While the individual diastereo- -- 
mers could be recognized via the NMR spectra (vide experimental) of the mixture, the diastereo- 

mers have not been Isolated in the pure state and their stereochemical assignments are not avail- 

able at present The mixture of 6a and 6b was subsequently treated with triethylamine/acetlc acid -- 
at roan temperature, whereupon crystalline pentacyclic products 7a and 7b (7a m p 237OC dec , - -- 
cm p 222OC dec , 7a/7b -- = 4/l were formed in excellent yield The overall yield of the last two 

steps was 80% The stereochemistry of the predaninant isaner 7a was established by Nuclear 

Overhauser difference spectroscopy Irradiation of C(14)-H results in positive signals for C(3), 

indole N-H and C(16)-H When the cyclization was carried out at higher temperature (-50°C), vari- 

able amounts of the pyridone 8 were found in the reaction mixture This reveals the sensitivity 

of 7a b to oxidation -,- 
The Facile access to 7a b stimulated attempts to construct an additional ring between N(1) and -,- 

C(14) Such a sequence could serve as a model study for the synthesis of the Eburnan or Vincan 

skeletons 7 Alkylation of 7a with excess of methyl iodide yielded, significantly, only one prcdu& - 
(80%), whose structure and the assigned stereochemistry (2) is based on NMR spectral data Char- 

acteristic For the cis relationship between C(3)-H and C(14)-CH3 was the enhancement of C(3)-H 

signal upon irradiation of C(14)-CH3 Attempts to specifically alkylate C(14) with an acetate 

residue proved unsuccessful While 7a could be tosylated at N(l), the resulting amide 10 was - - 
inert to base-catalyzed alkylation with a-branoacetate, at C(14) Models of 10 show that approach - 
of a bulky electrophile at the C(14)-centre encounters considerable steric hindrance Reaction 

of 7a with bisalkylating agents has also been examined No reaction was, however, observed between - 
the dianion of 7a and 1,2-dibranoethane It appears that a base-catalyzed dehydrohalogenation - 
dominates this reaction To avoid this process, the same dianion was allowed to react with 1,2- 

(dibrananethyl)benzene In the latter case a crystalline product was obtained whose spectral data 

attests to the novel polycyclic canpound 11 - 

EXPERIMENTAL 

All mps are uncorrecty IR spectra were recorded on a Perkin Elmer 257 spectrometer The absorp- 
tions are given in cm PMR spectra were run on a Bruker WM 250 inztrunent, using 'l?XS as an 
internal standard Mass spectra were obtained with a Varian Matt 711 spectraneter Analyses were 
carried out at the microanalytical laboratory, Department of Physical Organic and Analytical 
Chemistry, Organic Chemistry institute, TNO, Zeist, 'lhe Netherlands THP was distilled From LiAlH4 
before uze 

Methyl 2(methoxycarbonyl)-o-~2-(l-tosyl-3,4,4-trimethyl~imidazolidinyll-l-ph~ylacette (3a) and 
2-methoxycarbonyl-a-(methoxycarbonyl)-6-L2-(tosylamino-l,1-dimethylJamlnostyree (4a) 
To a solution 10 1 r4A (lithiuodiisopropylam-ine~ 1 15U mlTAF was added 2 Uo g cl0 mmol) of 
the homophtalic e%r lb dissolved in 5 ml/THP (-78°C: nitrogen) After an additional stirring 
for 20 min 3 94 g of 2a(lO mnol) was added to the reaction mixture The reaction mixture was 
vigorously stirred FoFl hr at -40°C and 2 hr at O°C After evaporation of the solvent and chran- 
atography on Si02/EtOAc two products could be recognized In the PMR spectnm a diastereaneric 
pair of canpound 3a and sane unreacted ester lb The major diaztereuzer could be crystallized 
fran MeCH (R,R) me resulting mixture contaia besides the diastereaners of 3a sane ring opened 
eneamine ester 4a The minor diastereaner of 3a could not be isolated as a purrmaterial because 
of the strong tendency for this diazterecmer togive the ring opened eneamine ester 4a Isolation 
of 4a frun this mixture on Si02 using a gradient EtOAc/hexane (1 10) - (1 1) In nexral solut- 
ior(CH Cl.2 toluene) a mixture of 3a and 4a can be achieved at elevated temperatures 
3a (R,Rj2+ (S,S) Yield 1 85 g (3%)rm p Tj8-139"C (From methanol) IR(CHC1 ) 1735 (s), 1715 
G1, 15 9 (w), 1490 (w), 1365 (ml, 1350 (s), 1260 (31, 1160 (vs) PMR(CDC1 1 3O 21, 0 70 (2x3, 
6~, 2~ a cH3), 1 85, 3 03 (ABE, ~-11 1 HZ, w, c5H2), 2 10 (5, 
3 79 3 a2 (2xz 7 25,cm 4H G$;h2xCT,, 4 82 (d J=l 5 Hz 1H T); 5 32 fd 

(d, J=7'5 Hk, 1H 

3H, N-CHji, 2 40 (z, 3H$S~$,_ 

an: ArC H ob ArCSH) f 48'(t 5'7 8 Hz iH :r'dF&% H) '7 63 
’ H) 7 67 (d J=8 2 Hz 2H' TOSC?H, TOSC6H1, 7 94'(d, J=7.3 Hz, 1H: ArC H) 

Irradiation of C2H rezulL in a p;zitive NOi FOE C% and one of the C-CH3 group at 6 0 70 In the 
mixture of the diastereaners of 3a sane salienta chemical shifts of the minor diastereaner were 
(ClXl3, 250 MHz) 0 27 (3, 3H, m3), 0 72 (3, 3H, C-CH31, 4 92 (d, J=3 2 Hz, lH, C"H1, 5 28 
(d, 5=3 2 HZ, lH, C2H) MS hound 474 1824. Calc for C24H30N206S1= 474 1823 Pound C, 60 55, 
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N, 5.84, H, 6.50, S, 6.65. Calc. for C, 60 75, N, 5 90, H, 6 32, S, 6.75. 
4a Yield 400 mg (8.4%), isolated fran the reaction mixture of 3s as white crystals, q .p. 135 - 
T56oc fran EtOAclhexane. IR(CHC1 

4 
) 3268 (s), 1715 (a), 1608 (ax 1597 (a), 1584 (YS), 1430 (m), 

1380 (m), 1330 (m), 1160 (a). (CD C.??): 1.21, 1.25 (2x1, 6H, C(CH )2), 2.16 (s, 3H, N-Q# ) 
2.36 (9, 3H, 'DXCH ), 2 9-2 7 (m 2H3 CH ) 344(s 3H cococx3x) 373( 3H c 2&&I, 
5.08 (bt, IH, NH), -18 ? id, ;=7 67H=,~l~~ ): 
7 71-7.66 (m, 3H, 

7:43-7.$4 (I& 4H, ~~H,*~~~, &H and-&&H), 
IW$H, 'I&H, ArC3H), 7.75 (3, lH, C=Ct$. Irradiation of N-CH? results in a 

positive WE for Arc at d 7 18. Further, positive NOE for C-CH 
CBH, which is a result of rotation around the N-C0 bond MS Foun 3 

and a small pos tive effect on 
474 1824. Calc. for 06S,= 474.1823 C24H30N2- 

Methyl 2(methoxycarbonyl)-a-C2-(l-toayl-3-methyl~-pyr~dinyll-l-phenykcte (3b) and 2-met.hoxy- 
CarbOnvl-a-~metr~nvl-6-t~-tosvLam~oDrcov~ecnv~lamrnostvrene i4DJ 

Procedure was Identical with that of 3a. After colunn chranatography (SiO2 EtOAclhexane 1.10, to 
remove unreacted ester (lb), a mixturFconsisting of 3b and 4b ms isolated. In the PMR of the 
crude reaction product orily one diastereuaer of 3b anTa large amount ofrirg+pened enesnine eater 
4b could be recognized. Yield 70-m. Hnesmine e!?& 4b was obtained by chranatography on .X0;, 
EOAc/hexane (1 1). When the reaction mixture was alEwed to stand for 18 hr in CH$Q at 20°C 3b 
gave a quantitative yield of ring-opened eneamine eater 4b. Crystallization of 3b frcxn the reacflon 
mixture (after chranatography) gave white crystals, m.p.735-136*C (fran MeCH)1R(CHCI3) 1730 
(a), 1715 (s), 1330 (m), 1160 (3). PMf?(C CNt 1.08-1.00 2.69 2.62 2xm, W, f? ), 2.26 (s, 3H, 

(a, W, TOSCH3), 3.17-3.12, 4 -41-3.29 L2mn '4H C'iH2, C 4 2) 3.55 
(d 5~11.3 Hz IH C’%) 5.86 Id J-11.3 is lfi C2H) 6.78'(d 

3 -78 (2x8, 6H 
Jf8 Hz 2H lWC3H 

2x 

), 7.16 (d, J=8 Hh, 2t), TOS;2H and T&S 6H), 7 36 Ct', J-7:6 Hz, IH: A&H): 7.52 (t, 
J=7 8 Hz, lH, At&H), 7.75 (d, J=7.8 Hz, lH, 6 At-C ), 7 84 (d, J=7 9 Hz, IH, ArC3H) MS Found. 
460.1687 Calc for Cz3Hz8N206S1= 460 1667 

4b Recrystallized fran EtOAc/hexane, m.p. 103°C. IR(CHC1 ) 3400-3320 (w), 3320-3120 (w), 1721 
l&l (s) PMR(CD CN)+ I 60 1 50 (rn 2H 
2 66 (dt' J=6 8 a,, J=7'5 Hz -W cri NH: 
2&XXH j 5.49 (bt, 1H' NH)'7.Oi $ J= 

(d, J= -2 Hz, 2H, TOS& and ‘I-0.X H), 7.37 -iI’ 
(d 558 2 Hz TOSC*H and 
in a positive NOE for A 2 

C6H), 7 69 (d, J= 
H MSFound 

460 1687 Calc. 

EI 70 eV (m/e (%)) 460 (2,5), 429 (3,5), 262 (44), 253 (6,4), 230 (26,4), 212 (37), 177 (36,4), 
176 (IO), 148 (82,1), 91 (88,7). (4b) 
EI 707 (m/e (%)) 472 (2,2), 267711,4), 176 (40,6), 149 (43,3), 148 (51,9), 133 (46,2), 105 
(12,6), 97 (23,7), 91 (100). ('ia) - 
2-Methoxycarbonyl-a-~methoxycarbonyl~-6-~tryptaminyl)atyrene fZ/R (5) 
From 3a + 4a a mixture of 3s (I maol, 474 mg) or 3a + 4a with a large excess of tryptamine (1.6 
g, 1Oxw33 refluxed in~cetonitrile (5 ml) and acetic acid (0.5 ml) After 1.5 hr the sole 
was evaporated and the residue was chrcmatographed on Sl02(EtOAc/hexane 1 10 - 1 2) Yield 240 mg 
(64%). According to PMR the mixture consisted of three products: 7. and E conformers of the eneam- 
ine ester (5) and a mnall amount of the pyridone formed by intramolecular aminolYsls Of 5. 

Fran 3b + 4E a mixture of 3b (1 nxsol. 460 mg) or 3b + 4b with 320 mg tryptamine (2 mnolT in 5 ml. 
acetom containing 0,5_iil acetic acid was kep_V for 2 hr (under nitrogen). (TLC EMki 
hexane 1 2). After evaporation of the solvent and chrcmatography LSlr$IEtOAzlhexane 1.10 - 1.2) 
the mixture consisted of the 2 and E conformer (2 1). Yield %I% contaminated with 9% of the afore 
mentioned pyridone 

Methyl-cr-~1-~l,2,3,4-tetrahyd~-8-carbonyl)]-2~etho~~r~nyl-l-ph~y~ace~te~ HCl salt (6s, 6b) 
The diester 5 1 g (2.64 mnol) was dissolved in 25 ml of dry MeOH. To the solution was added 2.5 
ml of a con&?ntr~ted Et OlHCl soln. After 15 min at 20°C the solvent was evaporated under reduced 
pressure. The resulting?xvwn crystals were recrystallized f'ran EtOAcfEQO. 
6a b Yield 986 mg (90%) white crystals, m p. 140-170°C (diastereaneric mixture) IR(CHC1 ): 
Tb (m), 3455 (m),2800-2250 (w), 1728 (s), 1720 (s), 1600 (w), 1580 (w), 1450 (m), 1436 ?m), 
1265 (3). PMR(CX1 /NaOD/ 0) 271-2 64 (m, W, NH-CH2CH ), 3 23-2 93 (m, 2H, NH-M 3 69 

5.23 

L2xs 6H 2xC&HH) ? 72 (d 527 6 Hz IH NH-CI&~ 4.79 (d, J=9.6 Hz, NH &' ";i;, 34f!, 
B 

(d, j=,_;, Hz, lH, A,,, 5.44 (d, J=7.6 Hs: IH, @Hi), 7.92-6.98 (m, 8H, am&c proton& 
FD (m/e) 379 (MH+). 
14-(Metho~~r~yl-2l~x~Al5,17,19-Y~~~e (7a, 7b) 

To a suspension of 1 g (2.41 mnol) of 6a,6b in 30 ml dry benzene uas added 0.25 ml triethylamine 
and 1 ml acetic acid. The reaction mixture was stirred for 18 hr at 20°C under nitrogen. After 
evaporation of the solvent and chranatography on Si02(EtOAc) a mixture of 7a 7b was obtained as 
light yellow crystals Yield 710 mg (85%) According to the PMR the ratio ????7b was 4 1 Fran 
this mixture of 7a/7b, 7a could be recrystallized fran MeOH. The resulting mo%eFllquid contained 
predclninantly Tb-a-SmaX amount of 7a and 8. The arunatic pyridone 8 Is a result of oxidation 
during the purT&.ation. when aolutiisRs of Talb were allcued to stana at 20°C for several days, -_ 
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