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Abstmct: The reduction of diprotbcted a,a-bisfbydroxymethyi)ketonea 5. derived from the novd chiral building 
blocks lHYM* 1 and BHYMA* 2 haa been realized with gocxl to excellent stereaelectivity (from 85: 15 to 97~3). 
through a appqxiate choice of the two protecting mps and by anploying the combination of DIBALH and 
MgBr2*Et20. 

We have recently reported the chemoenzymatic preparation in both enantiomeric forms of the new branched 
chiral building blocks 1 and 2, corresponding to tris(hydroxymethyl)methane (THYM*) and bis(hydroxy- 
methyl)acetaldehyde (BHYMA~).t We have also previously demons~at~ the possibility to convert 
diastereosefectively aldehydes 2 into secondary alcohols like 3 through “protecting group contro&xi” addition of 
various C-nucleophilea2 The good to excellent stereoselectivity of these additions was based on the intervention 
of a cyclic chelated transition state and on the different coordinating capabilities of the two $-oxygens, whose 
Lewis basic& was suitably modulated by the choice of protecting groups. Although the synthetic equivalence of 
the two protected CH2OR groups in 3 allows easy inversion of the original asymmetric centm through protecting 
group interchange (diastereodivergency),b we thought that a more direct access to the diastereomeric series 
represented by 4 would have been useful. 

in this ~mmuni~tion we report the fulfilment of this goal through “protecting group controlled” 
stereoselective reduction of ketones 5, which were easily prepared in three steps from alcohols l.3*4 It is worth 
noting that in these ketones the two synthetically equivalent hydroxymethyl groups are protected with a 
“chelating” groupp like the p-methoxybenzyloxymethyI ether (PMROM),s and with a “non-chelating” protecting 
group.6 like a silyt ether.2 Under reduction tuition which favour a cyclic chelated transition state, isomers 4 
were therefore expected to be favoured. Unfortunately, a careful literature search showed only one case of highly 
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TabIe 1: Stereoselective reduction of ketone 5a.a 
OPYBOY 

Kc 

OPMBOM OPMBOM 

n Bu OTBDPS ) n Bu 
J/ 

OTBDPS+ n B OTBDPS 

0 BB XB 40 
yt 

OH 3a 

21 W8IW2 MgBrW20 Et20 -35oc -+ -25°C 

22 IiAl& Mg8@t20 Et20 -78°C 

23 JiBEt3H MgBr_pJ&O Et20 -78°C 

a TBDPS= I-Butyldipha~ylsilyl. PMBOM= pmcthoxybauyloxymethyl. b Yields not optimkd. except for feaction of entry 20. 
c Determined by HPLC or by 1H n.m.r. of crude produds (by integration of OH signds).d l.OM DIBALH in tduare or in 

CHzQ2 was wal. = Et20 was found to be supaior to other solvents. like THF, tolucm, CH2Cl2, for this reaction. 

stereoselective (chelation-controlled) reduction of protected g-hydroxyketones having a chiral centre in a.78 
Moreover, that methodology, which makes use of ethereal Zn(BI-I&, seemed to afford good results only in the 
case of aromatic or a&unsaturated ketones.‘a 

Nevertheless, we decided to explore this possibility, employing ketone 5n as typical substrate. The results 
are shown in Table 1. Entries l-5 indicate that the use of various reducing agents (including Zn(BH&) in the 
absence of additives brings about unsatisfactory stereoselectivities. Thus, in the attempt to block ketone Sa in a 
cyclic chelated structure, we precomplexed it with a Lewis acid, and treated this mixture with a representative 
basic hydride (LiAl(OtBuhH, entries 6-12) or with a typical acidic hydride (DIBALH, entries 13-20). In both 
cases MgBrzaEt20 turned out to be the best additive, but the best result was obtained in conjunction with 
DIBALH, giving in excellent yield a 91:9 diastereomeric ratio (entry 20). Also other basic hydrides, in 
combination with MgBt~*Et20, gave worse results. as compared to DIBALH (entries 21-23). 



Table 2. Reduction of various ketones 5 (see Schemep 

13 5m PMBOM TBDPS 75% so:20 80% 93 : 7 

14 Sn nBU H TBDPS 86% 77:23 79% 85 : 15 

15 50 H TBDPS 91% 52:48 60% 67 : 33 

* TBDpS= r-Butyldiphcnylsilyl. F%iBOM= p-methoxybcnxyloxymethyl. b Rau-stioae carried out in Et20 at OT. c ‘J-y& 
Procedure: A solution d ketone (1 mmd.) in dry Et20 (20 mL) WBI treated with 4A powded molecule sievea (100 mg). Itred a 
r.t. for 15 min. cooled to -78°C. amI @cated with MgBq*Et20 (5 mmol). ‘l&z tempaabae wan allowed to tine to -WC during 3 
min. The mixture wan recoded to -78T and DIBALH (I.0 M in tohate. 2 mmol) was aided. Afta tea&n completion (usudly 1 
min), the mixture was qumU with qucous NH4Cl aad 411eous Na,K tamate. Extraction with Et20 gave the crude produca 
which were then puriiird by silica Ed ~y.Intbecacled~~~&13andls,afteradditionofMgB~.thc~ 
wasraiscdto-250Cd~nglh.dI~yi~ldsofbothstawisomas.eDetaminedbyHPLCorby1H-.r.ofaudeprodud 
(by integration af OH @da). f Raluction of ketones SE-O were ah carried out with tbc. systan Et2BOMe. NaBH4. ‘~HI 
MeOH (ref. 8x) giving 91% yidd (4 : 3 ratio= 89: 1 I) for So and 69?6 yidd (4 : 3 ratio= 6535) for So. 

In order to determine the generality of this new methodology. we reduced with DIBALH-MgBr2 a series of 
ketones 5 characterized by different protecting groups (Table 2, entries l-4). or by various R2 groups (entries S- 
13).9 For comparison we also reduced the same ketones with Zn(BH&. With regard to the protecting groups, 
we have found that a noticeable &crease of induction took place on passing from an acetal “chelating” protecting 
group (PMBOM) to thepmethoxybenzyl (MPM) ether (entries 1 and 4). On the other hand, among the silyl 
ethers, the rBuPh$Ji (TBDPS) turned out to be the best 

As for Rzgroup. the results collected by us show that, with the surprising exception of propargyl ketone 
5k, all ketones were reduced with good to excellent asymmetric induction. The higher ratios were achieved for 
conjugated enones (entries 9,10.12,13) or aromatic ketone 5h (entry 8). The importance of a$-unsaturation was 
even more striking for Zn(BH&: in this case only phenyl ketone and 2,3-enones gave acceptable inductions. 
This finding is in line with the results of Oishi,7a concerning the reduction of a-methyl-8-alkoxyketones. Once 
again, acetylenic ketone 5k was reduced with poor selectivity. Anyway, the combination of D1BAL.H and MgBr2 
seems to give in general superior results, compared to Zn(BH&. This is especially true for unconjugated 
compounds. 

The last two entries of Table 2 show the reduction of two partially protected ketones. For RG nBu the 



good induction with DIBA~-Mad is in part rn~n~~. In this case. however, a better result was realized by 
using the system Et$OMe-NaBH4 (note f).a For RL pentinyl all three methods furnished low induction. 

In conclusion we have demonstrated that DIBALH reduction of MgBr2 precomplexed diprotected a,a- 
bis(hydroxymethyl)ketones bearing two protecing groups of different vture (that is “chelating” or “non- 
chelating”) represents a general stereoselective method for a wide range of sulx&uents at the carbatyl, the only 
one exception being alkynones. Extension of this methodology to other protected a-substituted-p- 
hydroxyketones is in progress. 10 

We wish to thank Miss Giovanna Schmid for her precious collaboration and CNR (progetto Finalizzato 
Chimica Fine) and M.U.R.S.T. for financial assistance. 
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Abrtnxct: The asymmetric synthesis of cpimcric a-methyl homoallylic alcohols 4 and 7 has been realized 
rcspectivdy thmugh chclatim-contied additioa of uotyltributyltin to aq . ’ d bi.r(bydroxymethyl)d&~ 
(BHYh4A*) 3. and via cbdatica-amtrolled reduction of ketooes 8. Due to the ateawchcmical flexibility of the C-5 
chiral ccntre and to the enaotiodivagent prepa of both ensntiomcrs of 3. all 8 isomers of these crotylation 
products become accessible, stapting from an uniqnc pmusor 1. 

We have recently developed a chemoenzymatic methodology for the preparation, in 9697% e.e.. of (5’) 
monoacetate 1. which was enantiodivergently converted by us through the same number of steps into both 
enantiomeric forms of chiral building blocks like tris(hydroxymethyl)methanes (THYM*) 2 and 
bis(hydroxymethyl)acetaldehydes (BHYMA*) 3.1 We have also demonstrated the possibility of performing 
diaste~lective nucleophilic additions to 3, through chelation-controlled reactions.2 The expedient for obtaining 

good asymmetric induction laid on a) the differentiation of the two protected hydroxymethyl groups in 3. by 
employing protecting group9 of different natum (that is a “non-chelating” group.3 like a silyl ether, which has low 
tendency to cohordinate a suitable Lewis acid or a metal, and a “chelating”3 group, usually represented by an 

alkoxyalkyl ether); b) The employment of maction conditions which favoured a cyclic chelated transition state. In 
particular, MgBnmEtzO catalyzed allylation of aldehydes 3a-&with allyltributyltin furnished the expected 

Scheme 1 
OH OPMBOM (COt& DMSO, 
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Table 1. Crotylation of aldehydes 38-c 

Entry Six3 COIlditiOllS Yielda 4:5:6:7h 

1 SiPh$Bu Crotyl-Sn(nBuh. MgBr2c So% N&:3:8: 1 

2 SiQP& C~~l-Sn(~Bu)3, MgBrzc 85% 86:4:7:3 

3 SiMe$ Bu CrotyLSn(nBu)3. MgBr2c 81% 87:4:7:2 

4 SiPh$Bu Ctotyl-Br, cra2d 39% 9:6:41:44 

aIsofatadyiddsoTall~~,s~frolnalcohoZ.bDstaminadby~eod’Hnm~.CRcaFlionscanied~tin 
CH$l2. using 2.5 eq. MgI3r2Gt20 md 2 q. aetylntamme (see aete 9). at -7ST * -2OT. d ace rd. 17. 

chelation-conttolled product$ with diastereoselectivities ranging from S515 to 87: 13.&b 

We have now studied the M~BQ catalyzed condensation of 3a-e6 with ~l~~~ltin9 (Table 1, entries l- 
3). 10 In this case two new stereogenic centers are generated during the condensation and thus the problem of 

relative asymmetric induction.1~ already present in the case of unsubstituted allylstamuute, is here accompanied 
by the problem of internal -tic inductin. l1 It has been teportecG2 that the intmral arypnmetric indrrcHon in 
the ~~~~~ of aldehydes is alit on the Lewis acid utilii, MgBrpRtfl and B&Et20 being the best. In 
both cases the 3.4ryn isomers were favoured. Moreover MgBryEt@ was already found by us to be well suited 
for chelation-controlled allylation of 3. tit13 Thus we chose MgBrrEtzO as the catalyst. The data of entries l-3 
show that a good internal asymmetric induction (with a global 3,4-syn : 3&anti ratio up to 91:9) was 

accompanied by an excellent relarive asymnoerric indnclion affording c~l~~-~~l~ pmducts in up to 964 
ratio. This relative induction was remarkably higher than that realized in the corresponding reactions with 
allyltributyltin.2c~4 It is important to stress that the use of the pmethoxybenzylt4 instead of the PMBOM as 
“chelating”3 protecting group brings about a remarkabie decrease of both internal and relative asymmetric 
i~cti~n (the ratio 4 : 5 : 6 : 7 was = 77 : 6 : 15 : 2. Yield= 50%)). This result is in line with the result reported 
by Boeckmann.16 who found an increase of overall selectivity by using an acetal protecting group 
(methoxymethyl ether, MOM) instead thau the benzyl ether. t* On the contrary, the type of silyl protecting group 
seems to have little influence. In conclusion, 3,4-syn-chelated diastereoisomers 4a-c could be obtained in &5- 
t38% overall diastereoselectivity. Attempts to find a direct entry also for 3+anti diastereoisomers 6 or 7 have 

been unsuccessful. Actually, the reaction with Hiyama’s crotylchromium reagent17 afforded, as expected, 
preferentially 3,4-a& mmpounds, but the relative induction was very low (entry 4). 

Thus, in order to find an access to other stereoisomers of 4a-c, we exploited a less direct way (Scheme 2). 
involving oxidation of the main diastereoisomers 4a-c to the corresponding ketones 88-c followed by 

“chelation-controlled”5 reduction. In this case, being the hydride the entering nucleophile, the opposite 4.5 
relative stereochemistry had to be expected. leading to compounds 7a-c as major products. This reduction was 

Scheme 2 

Jones reagent 
Table 2. Reduction of ketones &I-C 

(see Table 2) 

a Reactions pezformed at -WC in Et20, 
pamplexing the ketone with MgBq (5 q.) 
and then ttvating it with DIBALH (2 cq.). at 
described in ref. 7. b Isolated yields. 
c Determined by IH and *ti n.m.r. 
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carried out using our newly developed methodology, that involves DIBALH reduction of diprotected a,a- 
b~(hyd~xyme~yl}ke~~s pmcomplexed with MgBr2~Et20.7 The results, listed in Table 2, show that, 
especially for 8a, the stemoselectivity was good, in line with our previous findings on related substmtes.7 

Therefore, by employing the same Lewis acid, that is MgB@*Et20. for blocking the transition state 
conformation in a cyclic chelated transition state, and using respectively the crotyltin addition to aldehydes 3 or 
the DIBALH reduction of crotylketones 8, both epimers 4a-e and %I-c have been synthesized in a 
diastereodivergent manner. ta 

Although the access to the remaining two diastemoisomers seems to be not easy, it should be stressed that 
the contiguration of C-5 asymmetric centre can be still determined at will by simple protecting group interchange 
(P.G.I.), since the two protected hydrox~ethyl groups are syntheti~ly equivalent and distinguish~ 
exclusively by the protecting groups. This flexibility of the original chiral centre (in this case C-5) descends from 
the high latent symmetry (C3v) of THYM* 2,a and was previously utilized by us for other diastereodivergent 
preparations.2a-@uCoupled with the above stated possibility of synthesizing both enantiomem of 2 and 3, this 
flexi~li~ should allow the event of stereoisomers like 5 and 6, which cannot be directly obtained in good 
stereoselectivity through crotyltin addition or through reduction, starting from 3 (Scheme 3). For example, 5a 

and 6s can be prepared, by protecting group interchange, respectively from the enantiomer of 4a and from ent- 
78, in turn obtained from ent-3a by crotyl addition. Thus we should be able to prepare all 8 possible 
stereoisomers of the ~ti~ti~ formula ~rnrn~ to 4-7a-q starting from he common precursor 1, relying on 

chelation contmlled addition and on chelation conttolled teducticc. 

1. 
2. 

3. 

4. 

5. 

Application of these adducts in the field of bidogically active substances is in progress. 
We wish to thank CNR (Progetto Finalizzato Chimica Fine) and M.U.RS.T. for financial assistance. 
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OPMBOM OPMBOM 

JJl 
\ 4= 

1) nBu4NF, THF 1) Oa than NaBb 

2) P-methcxypropene, fJ& 
6_4a-’ 

5 
4 OSlPhgt Bu 

’ ?gt H+ 

2) 2-methoxypropene, o 
H’ 

o 
1 

93% 56% x 
3 

10 

2 
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Abstra& ‘he synthesii and apignmcnt of the relative stfmxchemishy of a recently isolated amino acid is repxted. 
Tbii synthesii utilises the SHY coupling of an allylic statmane to a prowted b-iodoahii. 

We have heen interested in tabtoxinine fl-lactam l.* the causative agent of wildfii disease in tobacco 

plants, and related compounds for some time.2 Consequently our attention was drawn to a recent report by 

Durbin et aL on the isolation of a putative biosynthetic intermediate 23 from a genetically blocked mutant of 

Pseudomonas syringae pv. &baci, Fig. 1. 

1 

Tabtoxinine p-lactam 

Fig. 1 

The molecular formula aud connectivity of 2 were established by a combination of tH and 13C mnr and 

mass spectrometric methods. We felt that synthesis of 2 would be able to confirm the proposed structure and 

establish the stereochemistry. By comparison to tabtoxinine-Mactam it would appear that the stereochemistry 

of 2 is most likely to be as shown in Scheme 1. 

For preference, however, the synthetic route should allow preparation of any desired stereoisomer. It 

appeared that the most direct approach to the acetamidodiol fragment would be from epoxyalcohol 3, which in 

turn could be established in either epimerlc form via a Sharpless asymmetric epoxidation.4 It was anticipated 

that the requited Galkenyl amino acid 4 could be made using our previously reported radical coupling 

methodology, as the required stannane 5 had the necessary degeneracy to rearrangement under radical 

conditions.5 
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scheme 1 

Initially we prepared the stannane 5a in 43% yield using a procedure adapted from Trost et al. for the 

trimethylsilyl analogue.6 This compound proved difficult to purify, requiring the use of base washed sili~a,~ 

and in addition was found to undergo slow decomposition on storage. Since it is known that simple 

allyltriphenylstannanes are frequently crystalline,* we next prepared 5b in an analogous manner in 58% yield. 

This was found to be a white crystalline solid (m.p. 81°C) and stable to storage for several months at room 

temperature. Additionally it was found to be more stable towards protodestannylation than 5a, permitting 

chromatography on flash silica.9 The diprotected iodoalsnine 6 was prepared by known methods.10 

The radical coupling reaction could be initiated thermally using AIBN but the best yield11 (705%) was 

obtained by irradiation of a 3:l mixture of 5b and 6 in ether with a medium pressure Hg lamp. Subsequent 

Sharpless epoxidation with either enantiomer of diisopropyl tartrate (DIPT) proceeded smoothly in 80% yield 

to give the corresponding epoxides. diastereomerically pure in each case as judged by 500 MHz 1H nmr, 

(Scheme 2). 

5b + 6 

r.,, Ti(o’Pr),, tBuOOH, 

(-) DIPT, 8055 

_“+, CozBn 

NH2 

Y 
C&Bo 

/OH 

I Ti(O’pr),, tBuOOH, 

(+) DIPT. 80% 

“ut, C&B” 

Scheme 2 

Optimised conditions for introduction of the axido group were found to be NaN3/N~Cl/DMP/600C, 

affording the crude axide 7 in 90% yield as a single regioisomer. We were not able to prepare an analytically 

pure sample and so the material was carried through to the next step directly. Any possibility that a Payne 

rearrangement had accompanied epoxide opening was ruled out by comparison of the 1% nmr spectra of the 

diastereomeric axides : two clearly resolved signals for the CH2N3 carbon were seen in a mixed sample. 



Reductive acetylation of the azide 7 to acetamide 8 was achieved directly in 48% yield by treatment with 

neat thiolacetic acid12 for 2 days,with 22% of diacetyl compound 9 being isolated. Shorter reaction times 

reduced the amount of desii product, however. Hydrogenation over lC% Pd/C in MeOH& gave the amino 

acid in quantitative yield as a fluffy white powder (Scheme 3). 

rwz 
7 

AcSH 

2 
H,. 10% Pd/C. 

a MeOH. Hz0 
100% ACNH NH2 &NH NH2 

8 9 
48% 22% 

Scheme 3 

The (SR) diastereomer of 2 was also synthesised, from the corresponding (5s) epoxide. and comparison 

of the tH nmr (SOOMHz) of the two diastereomeric amino acids revealed a difference in the resonances 

associated with the II_CH~ protons, Fig. 2. This was sufficient to allow assignment of the relative 

stereochemistry of the natural product as shown in Scheme 1. In the absence of optical data it was not possible 

to assign the absolute stereochemistry, although on biosynthetic grounds it is highly likely to be as shown. 

I r I ’ I 0 
1.6 1.4 15 

m-2 

VOO WI 
Authentic samp~ 
W6 MHz1 

Fig. 2 
In summary we have described a short asymmetric synthesis of a recently isolated amino acid, and in so 

doing have confiied the proposed connectivity and assigned its relative stereochemistry. 
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Synthesis 1,3,4,5=Tetrahgdropyrrolo[4,3,2-delquinoline 
from a Quinoline 

Lennart Venemalm,. Carlos EstCves,b Mercedes Alvarez,b and John A. Joule@ 

Abstract: 6-A4cthoxy&nethylqudine has been converted into gm~xy-l,3,4J_3~~~ 

Ft’ I+ 
damlroneB H H 
baelin~c a MO 

bobatzdline C drhydrobufotenlne 
ohbrlde 

The 1,3,4,5-teaahydropymzdo[4,3,2-&]quinoline ring system was first recognised as a component of a 

natural product when the structure of the toad poison, dehydrobufotenine was e1tidated.t Much mom recently, 

several marine alkaloids2 such as the tricyclic batzellines? isobatzellines,4 and damirones.5 (the simplest 

example from each of these groups is shown above) and more complex molecules such as the dim.6 

and priaaosines~ have been described which are also based on a 1,3,4,5-tetrahydmpyrrolo[4,3,2-de]quinoli 

nucleus. 

In aN synthetic work so far described, relating to these natural produce including ptepamtions of the 

unsubstitutcd-S.9 and l-methyl- 10 tricyclic system, of O-methylnadehydrobufotenine,t 1 of dehydmbufotenine 

itselft2, and then later of batzelline C and isobatzelline C,t3 discorhabdin C.14 and damhones A and B,ts the 

tricyclic hetemcycle has been constructedfrom an indole, i.e. by forming the six-membered nitrogen-containing 

ring as a late step, by cyclisation either of a 4-aminoindole carrying a two-carbon chain at its C-3,&14 or of a 

llyptamine quin0ne.t~ 

We have taken a different approach to the 1,3,4,5-tetrahydropyrrolo[4,3,2-&]quinoline system and 

describe here how a quinoline can be utiliscd as starting point. 6-Methoxy-4-methyl-5-~~~~e,t6 1, was 

oxidiscd to the Caldehyde, 2 using Vismara’s method. 17 Although the aldehyde could be converted into an 

acetal with ethane- 1 ,Zdiol, problems arose at a later stage when too vigorous conditions were required for its 

removal, so the dimethyl acetal, 3, was prepared and carried forward. Quatemisation (+ 4) then bornhydride 

reduction pmduced the 1.2-dihydmquinoline. 5 which on subjection to catalytic hydrogenation was reduced at 

the C-C double bond and the nitro group, producing acetal-amine, 6. 

The completion of the synthesis squired removal of the acetal protection - it was at this stage that acid 

hydrolysis of the ethane-1.2~diol acetal proved to require too vigcauus conditions -however the dimethyl acetal 
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Reagatb: i, 1% t-BuI, Fe& TFA, DMSO, 8ooc; ii, HC(OMe)3MeOH/mflux or dry HC!l/MeOH/reB~ iii, 
hMIMeCN/~ iv, NaBH4IMeowupc; v, HZm-C!L!O% vi, aq. IN HCUl’HFMPC/24 h or 
pTsOH/l’HF/Mux/3 h; vii, TsCl/CH$J2/Bu&I+ HO-. 

could be hydmlysed, with ring closure to indole 7a under mild conditions. Characterisation of ‘purified’ 7a 

proved difficult, for although a perfectly satisfactory tH NMR spectrumlg could be obtained on the ‘crude 

product, after chtomatography, material was obtained which though homogenous by the usual ctiteria, and 

giving a mass specmun consistent with structure 7a, yet would give no tH NMR signals; this obsavation was 

reproducible. Conversion to the N-tosyl derivative, 7b, gave material which gave entirely consistent 

@ctmxopic data.12 
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