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Absiract: The reduction of diprotected a,a-bis(thydroxymethyl)ketones 8, derived from the novel chiral building
blocks THYM* 1 and BHYMA* 2 has been realized with good to excellent stereoselectivity (from 85:15 to 97:3),
through a appropriate choice of the two protecting groups and by employing the combination of DIBALH and
MgBr2*Et,0.

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*).1 We have also previously demonstrated the possibility to convert
diastereoselectively aldehydes 2 into secondary alcohols like 3 through “protecting group controlled™ addition of
various C-nucleophiles.2 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 B-oxygens, whose
Lewis basicity was suitably modulated by the choice of protecting groups. Although the synthetic equivalence of
the two protected CH20R groups in 3 allows easy inversion of the original asymmetric centre through protecting
group interchange (diastereodivergency),2a we thought that a more direct access to the diastereomeric series
represented by 4 would have been useful.

In this communication we report the fulfilment of this goal through “protecting group controlled”
stereoselective reduction of ketones §, which were easily prepared in three steps from alcohols 1.34 It is worth
noting that in these ketones the two synthetically equivalent hydroxymethyl groups are protected with a
“chelating” group.® like the p-methoxybenzyloxymethyl ether (PMBOM),5 and with a “non-chelating” protecting
group,S like a silyl ether.2 Under reduction conditions 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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Table 1: Stereoselective reduction of ketone 5a.2
OPMBOM OPMBOM OPMBOM
n Bu oTBDPS » N Bu\/[/OTBDPS+ n Buﬁ/(/OTBDPS
o 5a o H 4a OH
Entry| Reducing Agent Additive Solvent Temperature Yleld" 4a : 3a°¢
1 NaBHj4 none MeOH -78°C—+0°C 90% 50: 50
2 L-Selectride™ none THF -65°C 75% 49: 51
3 Zn(BHy)2 none ExO o°C 82% 69:31
4 LiAIH(OBu)3 none EnO -78°C = 20°C 7% 56:44
5 DIBALH none EnO -78°C 74% 51:49
6 LiAlH(OrBu)3 Ti(OiPr)4 EtO 20°C 90% 4: 56
7 LiAlH(OrBu)3 ERAIC] EnO -78°C — 20°C 79% 55:45
8 LiAlH(OrBu)3 Cul EtO 20°C 82% 59:41
9 LiAIH(OrBu)3 Lil EnO -78°C -+ 0°C 80% 65:35
10 LiAlH(OfBu)3 Znly EpO -78°C — 40°C 82% 76:24
11 LiAIH(OrBu)3 Mgl2eEt; O EO -78°C —-0°C 75% 69:31
12 LiAIH(OfBu)3 MgBryeEt,0 EnO -78°C — -20°C 80% 77:23
13 DIBALH Ti(OiPr)4 EnO 20°C 65% 47:53
14 DIBALH Ti(OiPr)3 Cl EnO 20°C 79% 52:48
15 DIBALH ERAIC] EnO -78°C 82% 54:46
16 DIBALH Cdla ERO -78°C—0°C 79% 60: 40
17 DIBALH CdCl» EbO -78°C 88% 60:40
18 DIBALH Znl, EtO -78°C 50% 67:33
19 DIBALH Mg(CF3CO0), Et,O 2rC 70% 52:48
20 DIBALH4 MgBryEt,0 Et,O¢ -78°C 94% 91:9
21 Zn(BH,4)2 MgBr>Et2,0 EnO -35°C - -25°C 75% 57:43
22 LiAlHg MgBreEt,0 EtO -78°C 61% 54:46
23 LiBEtsH MgBreEt,0 EtO -78°C 96% 62:38
2 TBDPS= ¢-Butyldiphenylsilyl. PMBOM= p-methoxybenzyloxymethyl. b Yields not optimized, except for reaction of eatry 20.
¢ Determined by HPLC or by !H n.m.r. of crude products (by integration of OH ;ﬂgnals).d 1.0M DIBALH in toluene or in
CH2Cl2 was used. © Et20 was found to be superior to other solvents, like THF, toluene, CH2C1y, for this reaction.

stereoselective (chelation-controlled) reduction of protected B-hydroxyketones having a chiral centre in a.78
Moreover, that methodology, which makes use of ethereal Zn(BHj)2, seemed to afford good results only in the
case of aromatic or a,B-unsaturated ketones.?a

Nevertheless, we decided to explore this possibility, employing ketone Sa as typical substrate. The results
are shown in Table 1. Entries 1-5 indicate that the use of various reducing agents (including Zn(BHg)7) in the
absence of additives brings about unsatisfactory stereoselectivities. Thus, in the attempt to block ketone 5a in a
cyclic chelated structure, we precomplexed it with a Lewis acid, and treated this mixture with a representative
basic hydride (LiAl(OfBu)3H, entries 6-12) or with a typical acidic hydride (DIBALH, entries 13-20). In both
cases MgBry*Et20 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 MgBry¢Et20, gave worse results, as compared to DIBALH (entries 21-23).
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Table 2. Reduction of various ketones § (see Scheme)?
Zn(BHg)b DIBALH / MgBrp¢ |
Entry | Ketone Rl R2 R3 Yieldd 4:3¢ Yieldd 4:3°
1 Sa nBu PMBOM | TBDPS ‘ 82% 69:31 94% 91:9
2 5b nBu PMBOM | TBDMS | not det. not det. 86% 85:15
3 Sc nBu PMBOM| TIS not det. not det. 9% 83:17
4 5d nBu MPM | TBDPS | not det. not det. 70% 80 : 20
5 Se Allvi PMBOM | TBDPS 83% 82: 18 71% 84: 16
6 5t Allvt PMBOM{ TIS not det. not det. 91% 90 : 10
7 Sg iPr PMBOM | TBDPS 80% 73:27 2% 85:15
8 Sh Ph PMBOM { TBDPS 74% 96:4 86% 96:4
9 Si CHa=CH- PMBOM | TBDPS 80% 88:12 62% 87 :13
10 5) CHp=C(Me)- PMBOM | TBDPS 81% 94:6 90% 97:3
SN
11 Sk _ % PMBOM | TBDPS 53% 55:45 90% 60 :40
Z
2| s W\f PMBOM | TBDPS | 79% |81:19| 79% | 94:6
WAAS
13 Sm \/\/ PMBOM | TBDPS 5% 80: 20 80% 93:7
14 Sn nBu H TBDPS 86% 77:23 79% 85:15
P
15 5o —_ g H TBDPS 91% 52:48 60% 67:33
2 TBDPS= t-Butyldiphenylsilyl. PMBOM= p-methoxybenzyloxymethyl. b Reactions carried out in Et20 at 0°C. © Typical
Procedure: A solution of ketone (1 mmol.) in dry Et0 (20 mL) was treated with 4A powdered molecular sieves (100 mg), stirred at
1. for 15 min, cooled to -78°C, and treated with MgBr2+Et20 (5 mmol). The temperature was allowed to rise to -50°C during 30
min. The mixture was recooled to -78°C and DIBALH (1.0 M in toluene, 2 mmot) was added. After reaction completion (usually 15
min), the mixture was quenched with aqueous NH4Cl and aqueous NaK tartrate. Extraction with EtO gave the crude products,
which were then purified by silica gel chromatography. In the case of entries 8-13 and 15, after addition of MgBr;, the temperature
was raised to -25°C during 1h. 9 Isotated yields of both stereoisomers. ¢ Determined by HPLC or by lHn.m.r.ofcrm‘liep\'odueu
(by integration of OH signals). f Reduction of ketones Sn-o were also carried out with the system EtoBOMe, NaBH4, THF-
MeOH (ref. 8a) giving 91% vield (4: 3 ratio= 89:11) for Sn and 69% yield (4 : 3 ratio= 65:35) for So.

In order to determine the generality of this new methodology, we reduced with DIBALH-MgBr; a series of
ketones § characterized by different protecting groups (Table 2, entries 1-4), or by various R2 groups (entries 5-
13).2 For comparison we also reduced the same ketones with Zn(BHg)2. With regard to the protecting groups,
we have found that a noticeable decrease of induction took place on passing from an acetal “chelating” protecting
group (PMBOM) to the p-methoxybenzyl (MPM) ether (entries 1 and 4). On the other hand, among the silyl
ethers, the BuPh,Si (TBDPS) turned out to be the best.

As for R2 group, the results collected by us show that, with the surprising exception of propargyl ketone
Sk, 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 Sh (entry 8). The importance of o,B-unsaturation was
even more striking for Zn(BHy)»: in this case only phenyl ketone and 2,3-enones gave acceptable inductions.
This finding is in line with the results of Oishi,’2 concerning the reduction of a-methyl-B-alkoxyketones. Once
again, acetylenic ketone 5k was reduced with poor selectivity. Anyway, the combination of DIBALH and MgBr>
seems to give in general superior results, compared to Zn(BHa)2. This is especially true for unconjugated
compounds.

The last two entries of Table 2 show the reduction of two partially protected ketones. For R2= nBu the
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good induction with DIBALH-MgBr; is in part maintained. In this case, however, a better result was realized by
using the system Et;BOMe-NaBHy (note f).82 For R2= pentinyl all three methods furnished low induction.

In conclusion we have demonstrated that DIBALH reduction of MgBra precomplexed diprotected a,o-
bis(hydroxymethyl)ketones bearing two protecing groups of different nature (that is “chelating” or “non-
chelating”™) represents a general stereoselective method for a wide range of substituents at the carbonyl, 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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Asymmetric Synthesis of All 8 Stereoisomers of a-Methyl Homoallylic Alcohols
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Abstract: The asymmetric synthesis of epimeric a-methyl homoallylic alcohols 4 and 7 has been realized
respectively through chelation-controlled addition of crotyltributyltin to asymmetrized bis(hydroxymethyl)acetaldehydes
(BHYMA®) 3, and via chelation-controlled reduction of ketones 8. Due to the stereochemical flexibility of the C-5
chiral ceatre and to the enantiodivergent preparation of both enantiomers of 3, all 8 isomers of these crotylation
products become accessible, starting from an unique precursor 1.

We have recently developed a chemoenzymatic methodology for the preparation, in 96-97% e.e., of (S)
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
diastereoselective nucleophilic additions 0 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 groups of different nature (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 reaction conditions which favoured a cyclic chelated transition state. In
particular, MgBr2*Et20 catalyzed allylation of aldehydes 3a-c* with allyltributyltin furnished the expected

Scheme 1
OPHMBOM (COCi),, DMSO, OPMBOM
oA ref. 1 EtN(/ Pr),,
[ HO OSiXsy ——— OSiXs
~ > CHLCl -78°C .
“"\/\/M
(see Table 1)
+ OPMBOM + OPMBOM * OPMBOM t OPMBOM
4a-c oH 5a-c OH 6a-c OH 7a-c OH
syn - chelated syn - non-chelated anti - chelated anti - non-chelated

| & SiX3=SiPhpt Bu  b: SiX3 = Si/ Pr) ¢: SiXg = SiMez! Bu |
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Table 1. Crotylation of aldehydes 3a-c
Entry SiX3 Conditions Yielda 4:5:6:7°
1 SiPhofBu Crotyl-Sn(nBu)3, MgBr,® 80% 88:3:8:1
2 Si(iPr)3 Crotyl-Sn(nBu)3, MgBr2¢ 85% 86:4:7:3
3 SiMeyt Bu Crotyl-Sn(nBu)3, MgBr,¢ 81% 87:4:7:2
4 SiPhyfBu Crotyl-Br, CrClyd 30% 9:6:41:44
2 Isolated yields of all diastereoisomers, starting from alcohol 2. 5 Determined by HPLC and 'H n.m.r. © Reactions carried out in
CHyCly, using 2.5 eq. MgBra*Etz0 and 2 eg. crotylstannane (see note 9), at -78°C —» -20°C. 4 see ref. 17.

chelation-controlled products® with diastereoselectivities ranging from 85:15 to 87;13.2c4

We have now studied the MgBr; catalyzed condensation of 3a-¢6 with crotyltributyltin® (Table 1, entries 1-
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 allylstannane, is here accompanied
by the problem of internal asymmetric induction.1! It has been reported12 that the internal asymmetric induction in
the crotylation of aldehydes is dependent on the Lewis acid utilized, MgBryEt>O and BF3*Et;0 being the best. In
both cases the 3,4-syn isomers were favoured. Moreover MgBraeEt2O was already found by us to be well suited
for chelation-controlled allylation of 3.2¢-d.13 Thus we chose MgBra*Et20 as the catalyst. The data of entries 1-3
show that a good internal asymmetric induction (with a global 3,4-syn : 3,4-anti ratio up to 91:9) was
accompanied by an excellent relative asymmetric induction affording chelation-controlled® products in up to 96:4
ratio. This relative induction was remarkably higher than that realized in the corresponding reactions with
allyltributyltin.2¢d It is important to stress that the use of the p-methoxybenzyl14 instead of the PMBOM as
"chelating"3 protecting group brings about a remarkable decrease of both internal and relative asymmetric
induction (the ratiod: 5: 6 : Twas=77:6: 15: 2. Yield= 50%). This result is in line with the result reported
by Boeckmann,!6 who found an increase of overall selectivity by using an acetal protecting group
(methoxymethyl ether, MOM) instead than the benzyl ether.1! 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 86-
88% overall diastereoselectivity. Attempts to find a direct entry also for 3,4-anti diasterecisomers 6 or 7 have
been unsuccessful. Actually, the reaction with Hiyama’s crotylchromium reagent!7 afforded, as expected,
preferentially 3,4-anti compounds, but the relative induction was very low (entry 4).

Thus, in order to find an access to other stereoisomers of 4a-¢, we exploited a less direct way (Scheme 2),
involving oxidation of the main diastereoisomers 4a-c¢ to the corresponding ketones 8a-c followed by
“chelation-controlied”S reduction. In this case, being the hydride the entering nucleophile, the opposite 4,5
relative stereochemistry had to be expected, leading to compounds 7a-¢ as major products. This reduction was

Scheme 2 -
Jones r:al::nt Table 2. Reduction of ketones 8a-¢
 [o8ge with DIBALH-MgBry2
opmBom  (8a:80%; OPMBOM : ; 28
8b: 84%) Entry { SiX3 | Yieldb| 4:7¢
3]l 4 Is of
= o8 oo owso. . 08iXs | 1 |siPhyBu| 87% | 14:86
4a-c oy EING Prla, 8a-c o 2 | sigPns | 93% | 19:81
syn - chelated CH:LChp, -78°C )
OPMBOM (8c: 72%) 3 SiMezfBu | 87% 18: 82
@ Reactions performed at -78°C in Etz0,
3 s A5 osix,  DIBALH-MgBry EL0,-78°C precomplexing the ketone with MgBry (5 eq.)
< - and then treating it with DIBALH (2 eq.), as
7a-c OH (see Table 2) described in ref. 7. b Isolated yields.
anti - non-chelated © Determined by !Hand !3C nm.r. ]
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Scheme 3
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Oxid.-red. “
[ent-8a-c] [ent-7a-c] «—— [ent-4a<c]

P.G.I. = Protecting Group Interchange

crotyl-SnBus

carried out using our newly developed methodology, that involves DIBALH reduction of diprotected a,a-
bis(hydroxymethyl)ketones precomplexed with MgBra*Et20.7 The results, listed in Table 2, show that,
especially for 8a, the stereoselectivity was good, in line with our previous findings on related substrates.?

Therefore, by employing the same Lewis acid, that is MgBry*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-c and 7a-¢ have been synthesized in a
diastereodivergent manner. 18

Although the access to the remaining two diastereoisomers seems to be not easy, it should be stressed that
the configuration of C-5 asymmetric centre can be still determined at will by simple protecting group interchange
(P.G.1.), since the two protected hydroxymethyl groups are synthetically equivalent and distinguished
exclusively by the protecting groups. This flexibility of the original chiral centre (in this case C-5) descends from
the high latent symmetry (Czy) of THYM* 2,22 and was previously utilized by us for other diastereodivergent
preparations.22-¢20 Coupled with the above stated possibility of synthesizing both enantiomers of 2 and 3, this
flexibility should allow the obtainment of stereoisomers like § 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 6a can be prepared, by protecting group interchange, respectively from the enantiomer of 4a and from ent-
7a, in turn obtained from ent-3a by crotyl addition, Thus we should be able to prepare all 8 possible
stereoisomers of the constitutional formula common to 4-7a-c, starting from he common precursor 1, relying on
chelation controlled addition and on chelation controlled reduction.

Application of these adducts in the field of biologically active substances is in progress.

We wish to thank CNR (Progetto Finalizzato Chimica Fine) and M.U.R.S.T. for financial assistance.
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then takes place from the less encumbered side.

Although, for the sake of clarity, only one enantiomer is shown in the Scheme, both (R) and (S) 2a-¢ have
been utilized. Aldehydes 3a-c used in this work were prepared by modified Swern conditions (ref. 7,8),
because overall yieds were somewhat higher (and reproducibility better) than using aldehydes directly
obtained from ozonolysis reaction (ref. 2d). Use of ordinary Swern conditions (Et3N, -78°C—-40°C,
neutral work-up) led to variable degrees of racemization, especially for SiX3 = Meyt BuSi (ref. 8).

Guanti, G.; Banfi, L; Riva, R.; Zannetti, M. T., accompanying communication.

Banfi, L.; Guanti, G.; Nan'sano, E. Tetrahedron , submitted for publication.

Prepared by reaction of 1 eq. LDA with 1 eq. nBuzSnH and 1 eq. of (E) crotyl chloride in THF at 0°C. We
thank prof. Giovanni Poli (Dipartimento di Chimica Organica “Hugo Schiff”, Universita di Firenze) for
sending us a recipe for this synthesis.

The relative configuration of products 4-7a was established in this way: 4a was converted into cis
acetonides 9 and 10, whose relative configuration was established through 1H n.m.r. (9: J4.5=2.5, Js¢=
1.7 and 2.6 Hz.; 10: J4.5 = 3.0, J5.6 = 1.4 and 2.0 Hz.). The configuration of 7a was related to that of 4a
through the oxidation-reduction sequence, and was confirmed by its conversion into the C-4 epimer of 10.
Of the remaining two isomers, 6a was assigned as 3,4-anti since it was formed in higher amount (Table 1,
entry 4) in the condensation with chromium reagent, which is known to afford mainly anti compounds
(ref.17). The relative configurations of 4-7b-c was assigned on the basis of tic and n.m.r. analogies with
4-7a.
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2 93% 56% 2
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4) 03, -78°C, MeOH-CH,Cl3, then NaBHjy, -78°C—0°C, 71%. The overall sequence was found to be
non-racemizing. The preparation of the corresponding benzyl ether, on the contrary, turned out to be
difficult, due to low yield in the benzylation of 1.
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chiorides (ref. 19)]. This analysis indicated an e.¢. 2 95%.

Sullivan, G. R.; Dale, J. A.; Mosher, H. S. J. Org. Chem. 1973, 38, 2143-2147.

Guanti, G.; Banfi, L.; Narisano, E.; Thea, S. Tetrahedron Lett. 1991, 32, 6943-6946.

(Received in UK 17 May 1993; accepted 1 July 1993)



Tetrahedron Letters, Vol. 34, No. 34, pp. 5491-5494, 1993 . 0040-4039/93 $6.00 + .00
Printed in Great Britain Pergamon Press Lid

Synthesis and Assignment of the Relative Stereochemistry of a
Putative Biosynthetic Precursor of Tabtoxinine B-Lactam.

Jack E, Baldwin, Robin Fieldhouse and Andrew T. Russell

‘The Dyson Perrins Laboratory and the Oxford Centre for Molecular Sciences,
South Parks Road, Oxford 0X1 3QY, UK.

Abstract: The synthesis and agsignment of the relative stereochemistry of a recently isolated amino acid is reported.
This synthesis utilises the SH2 coupling of an allylic stannane to a protected B-iodoalanine.

We have been interested in tabtoxinine B-lactam 1,! the causative agent of wildfire 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. tabaci, Fig. 1.

(o)
OH o) OH
HN HO coy
o
1 NH3* ANH NH3*

Tabtoxinine (3-lactam
Fig. 1

The molecular formula and connectivity of 2 were established by a combination of 1H and 13C nmr 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-8-lactam 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 acetamido-diol fragment would be from epoxyalcohol 3, which in
turn could be established in either epimeric form via a Sharpless asymmetric epoxidation.4 It was anticipated
that the required 3-alkenyl amino acid 4 could be made using our previously reported radical coupling
methodology, as the required stannane S had the necessary degeneracy to rearrangement under radical
conditions.’
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Scheme 1
Initially we prepared the stannane Sa in 43% yield using a procedure adapted from Trost et al. for the
trimethylsilyl analogue.S This compound proved difficult to purify, requiring the use of base washed silica,’
and in addition was found to undergo slow decomposition on storage. Since it is known that simple
allyltriphenylstannanes are frequently crystalline,8 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.? The diprotected iodoalanine 6 was prepared by known methods.10
The radical coupling reaction could be initiated thermally using AIBN but the best yield!! (70%) was
obtained by irradiation of a 3:1 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 H nmr,

(Scheme 2).
OH
. f¢)
OH Ti(O'Pr),, ‘BuOOH, CO2Bn
[ DIPT, 80%
254nm, NHZ
5b + 6 EtQO COyBn on
70% o
| Ti(O'Pr),, 'BuOOH, | CO,Bn
(+) DIPT, 80%
NHZ
Scheme 2

Optimised conditions for introduction of the azido group were found to be NaN3/NH4CI/DMF/60°C,
affording the crude azide 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 13C nmr spectra of the
diastereomeric azides : two clearly resolved signals for the CHaN3 carbon were seen in a mixed sample.
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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 desired product, however. Hydrogenation over 10% Pd/C in MeOH/H20 gave the amino
acid in quantitative yield as a fluffy white powder (Scheme 3).

OH OH
(o) OH
COzBn NaNa, Cl, N3 CO.Bi
DMF, 60%,
NHZ 90% NHZ
(5R)-3 7

AcSH

5 _H, 10% Pd/C, (Q/\‘/C‘)z"“ COzBn
MeOH 1,0
48% 22%

Scheme 3
The (SR) diastereomer of 2 was also synthesised, from the corresponding (55) epoxide, and comparison
of the 'H nmr (500MHz) of the two diastereomeric amino acids revealed a difference in the resonances
associated with the y-CHj 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.

el M

MW ML__
'T—f_'—l_‘l'_—r_ ——T——f"ﬁ"_r v v 1 .
1.5 1.6 1.4 1.5
(55)-2 (5R)-2 Authentic samp®:
[500 MHz] {500 MHz] [400 MHz]
Fig. 2

In summary we have described a short asymmetric synthesis of a recently isolated amino acid, and in so
doing have confirmed the proposed connectivity and assigned its relative stereochemistry.
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Synthesis of a 1,3,4,5-Tetrahydropyrrolo[4,3,2-de]lquinoline
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Abstract: 6-Methoxy-4-methylquinoline has been converted into 8-methoxy-1,34,5-tetrahydropyrrolof4,3 2-delquinoline.

RzN Me

0. O, )

OZj ?N: HN : ;N j ?ﬁ:
R' Mo o md e cr

damironeB H H isobatzeliine C dehydrobufotenine
batzelineC C Me chioride

The 1,3,4,5-tetrahydropyrrolo[4,3,2-de]quinoline ring system was first recognised as a component of a
natural product when the structure of the toad poison, dehydrobufotenine was elucidated.] Much more recently,
several marine alkaloids2 such as the tricyclic batzellines,3 isobatzellines,4 and damirones,5 (the simplest
example from each of these groups is shown above) and more complex molecules such as the discorhabdines,6
and prianosines’ have been described which are also based on a 1,3,4,5-tetrahydropyrrolo[4,3,2-de]quinoline
nucleus.

In all synthetic work so far described, relating to these natural products, including preparations of the
unsubstituted-8.9 and 1-methyl-10 tricyclic system, of O-methylnordehydrobufotenine,11 of dehydrobufotenine
itself12, and then later of batzelline C and isobatzelline C,!3 discorhabdin C,14 and damirones A and B,15 the
tricyclic heterocycle has been constructed from 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-3,8-14 or of a
tryptamine quinone. 15

We have taken a different approach to the 1,3,4,5-tetrahydropyrrolo[4,3,2-de]quinoline system and
describe here how a quinoline can be utilised as starting point. 6-Methoxy-4-methyl-5-nitroquinoline,16 1, was
oxidised to the 4-aldehyde, 2 using Vismara's method.17 Although the aldehyde could be converted into an
acetal with ethane-1,2-diol, 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. Quaternisation (— 4) then borohydride
reduction produced the 1,2-dihydroquinoline, § 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 required removal of the acetal protection — it was at this stage that acid
hydrolysis of the ethane-1,2-diol acetal proved to require too vigorous conditions — however the dimethyl acetal
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Reagents: i, I, +-Bul, FeClz, TFA, DMSO, 80°C; ii, HC(OMe)3/MecOH/reflux or dry HCl/MeOH/reflux; iii,
Mel/MeCN/500C; iv, NaBH4/MeOH/200C; v, Ha/Pt-C/20°C; vi, aq. 1N HCI/THF/400C/24 h or
p-TsOH/THF/reflux/3 b; vii, TsCl/CH2Cl/BusN* HO",

could be hydrolysed, with ring closure to indole 7a under mild conditions. Characterisation of ‘purified’ 7a
proved difficult, for although a perfectly satisfactory 1H NMR spectrum!8 could be obtained on the ‘crude’
product, after chromatography, material was obtained which though homogenous by the usual criteria, and
giving a mass spectrum consistent with structure 7a, yet would give no 1H NMR signals; this observation was
reproducible. Conversion to the N-tosyl derivative, 7b, gave material which gave entirely consistent

spectroscopic data.19
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