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It v-a+ 19% when Hata  and hie co-Tvorhera at Kyox-a Hakko Company first 
succeedrd in the isolation of t n o  nen antibiotics, mitomycins h and B. from a 
culture broth of Streptomyces  cuesipitasus (1). It soon became eyident that the 
mitomycins were active against gram positive and gram negative bacteria, and 
alqo again.t several kinds of tumor cellq in both animals and human.. 1T'akaki 
arid his co-11-orkerc at  Kyona Hakko later isolated the third member of this anti- 
biotic group. mitomycin C, from the Same S f r e p f o m y c e s  ctrain ( 2 ) .  Mitom) cin C 
n as qlioi~ n to have the ctrongest and broadect activity against tuniori and hac 
been used in cancer chemotherapy. 

I n  1962, Webb and his colleague. at  the Lederle Laboratoriei reported the 
beautiful structure elucidation of mitomycin h and its interconvercion with niito- 
n i y i n  C and porfiromycin (3 ) .  Tul in4y  confirmed the structure proposed for 
mitomycin =1 by X-ray analysi. (4). The relative qtereochemistry of mitompcin 
B was dion-n to  be different from that of mitomycin A by I-ahaqhi and Natsubara,  
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m d  the ab.solute configuration a.ssigned for the aziridjiie ring of mitomycin B IT-as 
opposite to that of mitom\-cin -1. They later corrected thi.: to be the same ( 3 ) .  

The structure of niitom\-cins B. C. and porfironiJ-cin is sumniarized in .&enie 
1 ( G ) .  

'Presented as a plenary lecture a t  the 20th -1nnual Neeting of the .Imerican Society of 
Pharmarognosy a t  Piirdiie Universit>-! West Lafayette, Indiana. .July 30--hgiiat 3, 1979. 
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The unique structure of the mitomycins, coupled with their great medicinal 
value, offers a formidable challenge to the synthetic chemist. Indeed, numerous 
synthetic approaches to the antibiotics and also their degradation products have 
been reported from the time their structures were first elucidated (i). Holyever, 
the naturally occurring mitomycins themselves had never been synthesized until 
1977 m-hen we succeeded in the first total synthesis of the antibiotics (8). I n  this 
article, we iyould like to review our synthetic efforts in this area. 

For 
example, Kinoshita and his co-workers were successful in hydrolyzing mitomycin A 
(1) into decarbamoylmitomycin A (5 )  with sodium methoxide in benzene at room 
temperature (9). Further, the hydroxy group of 5 was shown to  behave normally 
toward acylating reagents. 

The mitomycin skeleton is knon-n to  be stable under basic conditions. 

Scheme 2 

0 

5 - 1 - 

Contrary to  the base stability, mitomycins are known to  be extremely acid- 
labile. For example, a brief treatment of mitomycin A in methylene chloride con- 
taining a small amount of a mineral or organic acid causes elimination of methanol 
to yield an unstable, so-called mitosene derivative 6. Since the carbon-nitrogen 
bond of the aziridine ring is located a t  the benzylic position, 6 is solvolyzed further 
(3 ,  9). 

The aforementioned instability of mitomvcins is further intensified under 
reducing conditions. Thus, when' mitomycin k \\-as subjected to hydrogenation 
conditions in methanol at room temperature, the major product isolated, after air- 
oxidation, was the mitosene 6 or its degradation product(s) ( 3 ,  9). The observed 
difference in stability between niitomycins and their dihydroderivatives could be 
attributed to the difference in the nucleophilicity of the S-4 nitrogen atoms (10)- 
note the vinylogous amide group of 1, indicated by heavy lines in scheme 3.  

These analyses suggest that the follon-ing tn-o points are important in designing 
the synthesis of mitomycinq: 1. as the least stable functionality of mitomycins is 
the C-9a methoxj- group. it would be wise to introduce this functionality to a 
synthetic inteimediate a t  as late a stage as possible; and 2 .  once this is realized, the 
oxidation level of the compounds must be kept at that  of the indole quinone. 
One interesting possible method to introduce the C-9a methoxy group Iyhich 
meets with these criteria is i h o m  in scheme 4, n-hereby the C-9a methoxy group 
might be introduced by a transannular cyclization reaction via the oxonium ion 
10. There are at least four good reasons for considering this transannular reaction. 
First, the C-9a methoxy group could be introduced to a synthetic intermediate a t  
a very late stage in the synthesis in this manner. Second, no reducing conditions 
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are necessary to force this cyclization reaction. Third, it might be possible to  
realize the reaction under neutral or even baqic conditions by choosing the proper 
protecting group as X in 9. One obvious choice for this purpose ryould be the 
dimethyl hemithioketal 9a n hich is expected to be activated to  10 in the presence 
of a metal ion such as Hg2'. Fourth, as discusqed later (cee pages 5GO-G1), the out- 
come of the stereochemistry of this cyclization is expected to give the product 
with the desired stereochemistry. 

Generally speaking, the synthesis of an eight-membered compound is rather 
difficult, and hence it is not n-ise to propose a synthesis using an intermediate 
n-ith such a ring system. However, the four reasons described previously were 
too attractive to allow us to discard this plan. One possible synthetic route to  the 
eight-membered quinone is shown in scheme 5. Inspection of molecular models 
revealed that the transition state for the expected eight-membered ring formation 
seemed reasonable mainly because of the existing quinone and aziridine rings. 
Severtheless, we felt that  the feasibility of this key step should first be verified, 
and chose the compound 13 for this purpose. 

Scheme 5 
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Coninierciallj- available 2.6-diniethosytoluene (14) n-as used as the starting 
material for the synthesis of 13. Scheme G summarized the straightforward 11- 
step sj-nt,hesis of the keto nitrile 19 from 14. This route Ti-as suitable for a large 
scale experiment and its overall yield \vas very higli: 0ve.r 100 g of crj-stalline keto 
nitrile 19 could be prepared from 100 g of 14 in about 10 d a y  by one person. 
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*After protection of the keto group as its dimethyl ketal. 19 TT-W reduced by 
lithium alumiiiuni hydride to the amine 20, Tvhicli was direct1)- subjected to li>-dro- 

(Pd-C methanol rt) and then air-oxidation (0, methanol i-t), to yield 
the desired eight-membered quinone 22. Clearl?-, an intermediate in this trans- 
formation was the benzoquinone 13, the primary amino group of TT-hich c>-clized 
intramolecularly to the quinone moiety in the Michael fashion. Thus, it n'as 

hat the proposed intraniolecular Nichael reaction was .suitable for 
-4Ithougli some 1 easonable alternative modes 

for the cyclization reaction exist, the conipound 22 was the onlj- isolable product 
of this sequence of reactions. The overall \-ield of the eight-membered quinone 
22 from the keto nitrile 19 was 40-50yc. 

The eight-membered quinone 22 was found t o  be extremely sensitive to acid. : 
for example, a trace amount of hydrochloric acid in nietlianol at room ternper;ature. 
a trace amount of acetic acid in methanol at  room temperature, or even silica gel 
tlc p1ate.s are acidic enough to convert 22 into the  indole quinone 23 almost in- 
.stantaneously. This transformation could also be effe.cted under thermal condi- 
tions. Hon-ever. 
all efforts to detect the existence of 21 by spectroscopic or chromatographic tech- 
niques n-ere fruitless. These situations could be suniniarized a;: follows. -11- 
though the feasibility of the proposed tramannular cyclization reaction. i.e., 
9+1, vas  iwll demonstrated, it ]\-as still necessary to develop a special method 
to control an unstable intermediate like 24. 

of a compound like 9. 

The intermediate of these reactions must be the conipound 24. 
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Under these circumstances, the investigation to transform 22 into the di- 
methyl hemithioketal 25 was undertaken. Taking into account the relative 
stability of the oxonium ion over the sulfonium ion, it should be possible t o  syn- 
thesize 25 by a methyl mercaptan-acid combination. However, the most serious 
reservation for this proposal was the fact tha t  the oxonium ion necessary for this 
transketallization could also provide the transannular cyclization. I n  other 
m r d s ,  the real question in our minds n-as how to avoid the transannular cycliza- 
tion reaction under transketallization conditions. Our hope, though it seemed 
very small, was that at a Ion- enough temperature the oxonium ion might take a 
conformation in d i i c h  the amide nitrogen would stay far enough away from the 
oxonium ion center and thus alloil it to be neutralized by methyl mercaptan. I n  
any event, the dimethyl ketal 22 \vas treated with neat methyl mercaptan a t  
-45°C in the presence of a catalytic amount of borontrifluoride etherate, with 
extreniely careful monitoring of the reaction by tlc. A remarkably clean trans- 
formation was observed under these conditions, and the desired dimethyl hemi- 
thioketal 25 was isolated in almost quantitative yield. 

The dimethyl hemithioketal 25 thus synthesized was then subjected to  a reac- 
tion with mercuric chloride in methylene chloride containing triethylamine a t  
room temperature, to afford cleanly the methoxy compound 24. which was success- 
fully isolated by basic aluminum oxide tlc and fully characterized by spectroscopic 
method.. Compound 24 n-as found, as expected, t o  be extremely sensitive to  
acid,<;. and thus yielded the indolequinone 23 quantitatively. 
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Let us non turn our attention to tlie introduction of tlie C-10 hydroxymethyl 
group. Scheme 11 summarizes two metliodq developed to  achieve this using the 
aforementioned 2,4-dimethoxy-3-methylphenol (15) as the starting material. 
Both methodq worked equally well, but the sequence involving hj-droxymethyla- 
tion of 19 waq used for further studies, simply because all intermediates of this 
sequence had alreadj- been IT ell characterized in the model serieq. 

The next required transformation n-as protection of the keto group of 28 or 
29 as its dimethyl ketal. Under standard conditions, tlie major product isolated 
was the dimethyl ketal of the a$-unsaturated ketone formed from 28 or 29. X1- 
most all niethodq lmox-n to effect ketallization, including newly developed ones. 
n ere attempted unsuccessfully. Hydroboration of the aforementioned dimethyl 
ketal of tlie a,p-unsaturated ketone in boiling xylene, follon ed b! hydrogen 
peroxide \\-orli-up, did afford the desired primary alcohol, but the overall yield 
nas  too low and, more qeriously, the reproducibility varied too widely to use it 
for further studies. After many unsuccessful attempts, the method summarized 
in scheme 12 nas  established to effect the nece5sary transformation. The key 
step of thiq transformation n as the smooth dimethyl thioketallization of the 
acetate 30 (prepared from 29 under standard conditions) with neat methyl mer- 
captan in the presence of boron trifluoride-acetic acid complex a t  - 30°C. Under 
these conditions, lion-ever, the nitrile group of 30 \ \ a i  also transformed into the 
thioiminoether group. v-hich was converted back to tlie nitrile upon brief treat- 
ment nit11 triethylamine-methanol at  room temperatuie. The protecting group 
of the hydroxymetlij-1 group of 32 was transferred to  the benzyl group by t1I-o 
.iteps. Then. the dimethyl thioketal group naq converted to the dimethyl ketal 
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by treatment with nietliaiiol in the presence of mercuric chloride and triethylamine. 
The overall yield of 33 from 29 was about GOcY;. 

I t  \vas necea.sar>- to raise tlie oxidation level of the side chain of 33! i\-hicli n-as 
easilj- achieved by one of the l < n o ~ n  methods : nanielj-, the carbanion generated 
from 33 wa5 quenched with phenylselenyl bromide, follou-ed bj- hydrogen peroxide 
treatment. to yield the cu,fi-unsaturated nitrile. (11). This nitrile \\-as then con- 
\.-erted to the acetate 34 in a %step procedure. The 'H iinir spectra clearly shon-ed 
that the olefinic bonds of the cu.8-un.saturated nitrile and the olefinic acetate 34 
n-ere exclusivel!- trails. The reactivity of the olefinic bond of the cu.P-unsaturated 
nitrile of the acetate 34 was found to be extremely poor. The only reagent n-hich 
5uccessfully reacted with this functionalitp Ti-as osmium tetroxide; it took over one 
week to  complete the osmium tetroxide oxidation of 34 using 3 equivalents of the 
osidaiit at  room temperature. A%bout a 1 :1 mixture of diastereomeric diols \vas 
isolated n-liich could fortunately be separated by chromatographic techniques. 
One of the t v o  diols had to correspond to structure 35 and the other to  36, al- 
though at  this stage it was not \-et establi,slied \\-liich was m-hicli. 

Scheme 14 sumniaiizes the traiisforniatioii of tlie diol 35 to the eight-membered 
quinone 41. -1 parallel synthetic roiite starting n-ith tlie diol 36 resulted in the 
right-membered quinone 42 (see scheme 16). The high regio- and stereo- 
selectivity realized in this traii.sformation is mainly due to the fact that  the C-1 
position is sterically hindered by the adjacent dimethyl ketal group. 
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Scheme 1.5 summarizes a method to convert the diol 36 to the epoxy alcohol 37. 
nhich is identical with the one derived from the diol 35 (Gee scheme 1-1) The key 
step of thi- transformation is the epoxide opening-closing reaction of 46. Thu,, 
diols 35 and 36 u-ere equally useful for the - jnthe series. 
and also for the mitomycin B serieq a. nell-note the relative .tereochemiqtry of 
the C-l and C-9 centers of mitomycin -1 (1) and B (2). At this stage. honever, 
it was not yet eqtablished TI hich eight-membered quinone, 41 or 42. corresponded 
to which structure of the t n o .  

A dramatic reactivity difference betn een the tn  o eight-membered quinone., 
41 and 42. v-ai observed. On addition of one drop of 0 1 S hydrochloric acid 111 

methanol, the UT spectrum of one of the t n o  quinones changed tmoothly to a nen- 
q e c t r u m  characteriqtic of the mito-ene chromophore. n-hile iinder the -ame con- 
dition. the uv spectrum of the other eight-membered quinone n a c  unchanged. 
Much stronger acidic conditions such as 3-3 drop. of concentrated hydrochloric 
acid n ere neceisarj- to change it. UT.’ spectrum to  that of the mitoiene chromophore. 
This ob-erved reactivitj difference suggested that the eight-membered quinone 
more qensitive to the transannular cyclization reaction would correspond to struc- 
ture 41. Tno tub conformations -4 and B (-lightly tni-ted form< due to the 
stabilization of the pos.ible hydrogen bond indicated) are con.idered as pos-lble 
preferred conformations for 41 (12). There 1. no serious increase in steric hm- 
drance in bringing A or B to the transition state for the tran-annular cyclization 
reaction. since the C-10 hydroxynieth> 1 group ~n ings ton ard the outer side of the 
molecule in this proces-. Examination of niolecular models suggests that  the 

of the mitomycin 
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preferred conformation of 42 is most likely the tub conformation corresponding to 
-4, becauqe the other tub conformation corresponding to B experiencec considerable 
steric compression betneen the aziridine and quinone rings, and also between the 
hydroxy methyl and amine NH groups-note there is no stabilization by the 
hydrogen bond in this series. There iq a serious increase in steric hindrance in 
bringing 42 to the transition state for the transannular cyclization reaction since 
the C-10 hydroxymeth;\-1 group svings toward the inner side of the molecule in 
thiq proce-. 

We anticipated that the most preferred conformation of 41 XT ould be B because 
of the aforementioned hydrogen-bond stabilization. Valuable information re- 
garding the conforniation of the eight-membered quinones was obtained from the 
stability difference betn een the phenyl carbonates 47 and 49, synthesized under 
standard condition, from 41 and 42 respectively. czs-Phenyl carbonate 47 de- 
composed to the phenyl ether 48 on standing in methj lene chloride at  room teni- 
perature for 2 dajq, nliile frans-phen:l carbonate 49 vas  stable under the same 
condition.. Furthermore, a atrong peak corresponding to (31-44) Ti-as observed 
in the maqs spectrum of 47. 11 hile no such peak was observed in the mass spectrum 
of 49 The plienj 1 carbonate 50, belonging to the deimino series. behaved exactly 
like the /runs-phenyl carbonate 49. The instabilitj- observed only for 47 can be 
rationalized in terms of an iiitramolecular interaction betn-een the aziridine and 
phen? 1 carbonate groups. n hich TI ould onl! be possible in a conformation cor- 
reqponding to R. Thus. this conformation muqt exist a t  least to some extent 
even in the cis-phenyl carbonate 47. 

Let us consider the ftereochemical outcome of the transannular cyclization of 
-11. All of the 'H nnir fignals of 41 in CDCl, a t  room temperature are sharp, sug- 
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Scheme 16 
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gesting that 41 exists entirely in the one preferred conformation, namely B, or 
that interconrersion betn-een the two conformations A and B is rapid in the nmr 
time scale. I n  the former case, the transannular cyclization reaction proceeds 
through the osoniuni ion D. n-hich yields the desired stereochemistry at  the C-1, 
C-ga, and C-9 positions. In  the latter case, it would be safe to assume that  
interconrersion between the oxonium ions C and D is also rapid, and hence the 
transannular cyclization proceeds through the oxonium ion D! since it yields the 
sterically less crowded product. Examination of molecular models reveals that  
the latter case is unlikely because a serious steric interaction betn-een the hydrogen 
atoms at  C-3 and C-9  occur^ during the interconversion betn-een B and A. 

Encouraged by these considerations, transforniation of the dimethyl ketal 41 
or 17 to the corresponding dimethyl hemithioketal 51 or 52 n-as attempted under 
the conditions previous1)- successful for the transformation of 22 to 25 (see scheme 
10): but both of them xi-ere recovered unchanged. Reactivity differences found 
betn-een the niodel and real teniri might be attributed to the electronic effect of 
the aziridine ring or most lik protonated form. This it-ould be interesting 
information for the future desi mitomycin analog sj-ntlieses: hopefully n-ith 
better antitumor activity. In an:- event: unsuccessful traIisketalljzatioii of 41 to 
31 made t h k  YJ-ntlie 

Uridpr these circunistances. n-e decided to reinr-eatigate the transannular 
e>-clization reaction under acidic conditions. TritJ-1 tetrafluoroborate (13) in 
nieth;\-lene chloride at  room temperature ~ a , s  found to effect the cyclization re- 
action of 11 smoothly. to  !-ield excluxi:  el? clecarhamo~-l-.\~-nieth\-lniitoiii~-ciii _\ (33) 

eeminglJ- caught at a dead end. 
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in high yield. Later, tetrafluoroboric acid and perchloric acid in methylene 
chloride at  room temperature were also found to be equally as effective as trityl 
tetrafluoroborate. The effective reagent under trityl tetrafluoroborate conditions 
was probably tetrafluoroboric acid liberated from trityl tetrafluoroborate and 
moisture since 0.4 equivalents of this reagent produced the best result. It is 
interesting that no elimination of methanol from decarbamoylmitomycins and 
mitomycins was observed under these acidic conditions. The stereochemistry of 
53 was confirmed from comparison with an authentic decarbamoyl--I--methyl- 
mitomycin A prepared from natural mitomycin A (1) (9). 

Synthetic decarbamoyl-S-methylmitomycin A (53) was converted to S- 
methylmitomycin in two steps and then transformed into porfiromycin (4) by 
the method previously established by Webb and his co-Tvorkers (3). The syn- 
thetic porfiromycin (4) was identical in every respect with natural porfiromgcin. 

On at- 
tempting the Michael reaction on the aziridine 40 under the same conditions 
as previously used, the formation of two products in about 5:l ratio was observed. 
The minor product n-as found to  be the desired eight-membered quinone; i.e., the 
product Ti-ith H instead of (CH2)sOAc in structure 57, while the major product 
was most likely formed via an interaction of the aziridine nitrogen and the C-8 
carbonyl group. Thus, protection of the aziridine nitrogen of 40 became neces- 
sary. The 3-acetoxypropgl group \vas used for the present purpose. since con- 
ventional protecting groups such as acetyl, benzoyl, ethoxgcarbonyl, niethoxy- 

Let us examine the total synthesis of mitomycins A (1) and C (3). 
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methyl, etc. proved unwccessful at  some stage of the following eynthetic sequence. 
The 3-acetoypropj-1 group na. put on 40 by a Michael reaction Tvith acrolein. 
follon ed by diborane reduction and then by acetylation. The eight-membered 
quinone 3.7 ivas cleanly formed under the same conditions previously used. The 
trancamiular cyclization reaction of 57 n as effected n ith tetrafluoroboric acid in 
methylene chloride at  room temperature to ;\ ield exclusively the decarbanioyl--\-- 
(3-acetox: prop! 1)mitomycm h (58). 11 liich n a- converted to S-(3-acetoxyprop~ 1)- 
mitomycin -1 (59) in the ?-step procedure uqed previouqly. The protecting group 
\\-a\ removed in a 3-ctep procedure: fir4t. hj-drol. of the acetyl group: cecond. 
oxidation of the re.ultant alcohol group, arid t d. retro-Michael reaction. to 
give d.l-mitom;\ cin -4 (1). The <\-athetic substance u-a. found to be identical 
n it11 narural mitomycin -% in all respects The trailiformation of mitom;r cin -4 
(1) T O  mitomycin C (3) nay carried out b\- the method previou.l;\ developed b;\ 
Kebb and hi6 CO-norkers (3) 

_. 

Me 

Reagents a CHz=CHCHO CHzC12 RT.  b: BzH~/CHZCLZ-THF -X"C-RT. e :  Acto- 
PyiRT.  d :  HP Pd-C AcOH RT. e :  0 2  CH$OH/RT. f :  HBF4 CHZC12 RT.  g:  COC1, 
CsHJ((CH3J2 CH2C12 RT.  h S H 3  CH2Clz 0°C. i: SaOCH3 CH30H-CH2C12/RT. 1: 
DMSO-DCC TF.i-P>- RT.  k:  HClO~-C,H,(CHa)~ 'CH2ClZ RT.  

Let us non turn our attention to the total synthesis of mitom!-cin B (2). whose 
relative stereochemistry at  the C-9 and C-9a positions ic  different from that of 
other mitom! cins. The eight-membered ketone 61, which should exist as de- 
carbamoylmitomyin B (63)- seemed for us the most logical intermediate for thic 
->-nthesis. Since the eight-membered dimethyl ketal 42 n-as already available in 
our laboratory. the problem remaining \\-as to  establish a method to  hydrolyze the 
dimethyl ketal group of 42 to the keto without the transannular cylization reac- 
tion at  the hemiketal or its equivalent .tage. Le.. no 60+62. Baqed 011 our pre- 



JOURKAL OF SATURAL PRODUCTS [VOL. 42, so.  G 

Me 

O H  

t 

vious experience in this area, we felt that  there would be little chance to avoid the 
transannular cyclization a t  the undesired stage as long as hydrolysis was attempted 
on the eight-membered quinone with the free S H  group a t  the K-4 po5ition. 

Reageizts a: Hz/Pd-C/P) I?T b CsH,CH,OCOCI-Pj R T  c 3 5  HCl CH,Cl, R T .  d: 
H2/Pd-C/CH30H/RT/5 miniites. e 0 2  CH2OH R T  
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Therefore, investigation n as initiated on a method to  protect the S H  group, uwig 
the eight-membered quinone 22 as a model compound. 

S-Carbobenzoxylation of 22 TI as effected under .tandard conditions, after 
its quirione moiety had been reduced to the corresponding 11) droyuinone. The 
crude product thus obtained u-aq subjected to  acid-liydrol! cis, using dilute hydro- 
chloric acid in methylene chloride (heterogeneous condition-) at  room temperature, 
to ?ield the  ketone 65 in high jield. 
5 mitizifes). folloved by air-oxidation (O? methanol r t ) ,  gave the indole yuincne 
23, n liich n ab precuniably formed from the deqired carbinolamine 66 r ia  the ini- 
nioniuni 5alt 67 The forniation of the inimoniuni calt \\as not expected to  
pre-ent a Yeriou. problem for the real s) -tern, since we could confirm that at 1ea.t 
50% of mitom! cin B (2) 11 a- recovered after it had been treated under the exact 
came condition< as in the above t n o  iteps. The stability difference obberved be- 
t\\-een the carbinol 66 arid mitomj cin B (2) i q  ciniilar to the ca.ei preriouql! diq- 
cus-ed (see page. 5 . 2  and Xi1) 

Guided b! the rewlt- obtained in the model Yystem, the dimethyl hetal 42 TI as 
reduced to the h! droquinone, carbobenzj oxylated. and then hydrolyzed with acid 
to yield the deqired hetone 68. The ketone 68 n as then subjected to  hydrogenol? - 
i i q  (Pd-C methanol rt 5 mzuztfes), follon ed b> air-oxidation, to give decarbanio) 1- 
mitom) cin B (69), nhicli \T a i  found to be identical n i t h  the authentic sub-tame 

H>drogenolysi- of 65 (Pd-C methanol i t  

Scherre 2 5  

Me0 &OMe I I  ,N-Me 

Me 

0 

4 2  - 

MeO% O" 

Me 
,:N-Me 

- 2 : ;.itor?.ycin 3 

/OH 

oH 6br 

6 8  - 

5-10., o v e r a l l  I 
yield fro?. 4 2  - 1  

f -9  
f 

5 5 %  

69 - 
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prepared from natural mitomycin B (2) in every respect (9). The overall yield of 
69 from 42 varied in the range of 5% to 10%. 

Transformation of decarbamoylmitomycin B (69) t o  mitomycin B (2) was 
much more difficult than anticipated. The method successfully used for thiq 
purpose in the syntheqis of the mitomycin X series u-aq unsuccessfuI, probably 
because of the formation of a cyclic carbonate betneen the C-9a and C-10 posi- 
tion,. Xfter many fruitle- attempts, the necessary conversion was cleanly 
achieved in a 2-step procedure shonn in qchenie 25. The synthetic mitomycin B 
(2) T1-a.i: confirmed to be identical with natural mitomycin B in every reqpect. 

Thus, the successful completion of the firqt total qj-ntheqis of racemic mito- 
mycins A. B. C. and porfiromycin was accompliqhed. Hon-ever, there are still tn-o 
major problems remaining in thiq area; i.e., the synthesis of optically active mito- 
mycinq, and the development of a shorter, more efficient synthetic ioute. It v-ould 
not require much imagination to propose a convergent synthetic route to some key 
intermediates such as 3.5 from readil\- available, naturally occurring carbohydrates. 
We are currently examining this possibility ni th  the hope that the above two 
problems will be solved in this manner. 
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