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Ab@ract-Cocyclization of bisjtrimethylsilyl~ and bis(trimcthylstannyl)di-2propynyl ether with acetonitrilc 
provides a synthetic entry into 1,3dihydro-Gmethyl-4,7-bis(trimethylsilylh and bis(trimethylstanny1~ 
furo[3,4-c]pyridinea. Regioselective electrophiiic substitution of the rcspacdvc silyl or statinyl grotips 
allows for a regiooontrolled construction of tetrasubstituted pyridinrs. This method has been applied to a 
total synthesis of vitamin B,. 

Regioselective construction of substituted ppdines is 
of primary medicinal synthetic importance. We have 
shown2 that control over the substitution pattern of the 
pyridine nucleus can be exerted by employing a cobalt 
catalyst3 in [2+2+2] cycloadditiom of a@diynes 
with nitriles and a,m-cyanoalkynes with alkynes. This 
report details a regioselective entry iuto the 
tetraaubstituted pyridine nucleus by the q’- 
cyclopentadienyl dicarbonyl cobalt [CpCo(CO),] 
catalyzed cocyclixation of bi.@imethylailylated) and 
stannylated diyne ethers with acetoni@, and the 
subsequent elaboration of the Group Qbased 
substituents. The methodology has been applied to the 
total synthesis of vitamin B, (1). 

Ofthe many syntheses’ of 1 perhaps themost efficient 
ones employ [4+2] cycloaddition strategies.4*5 In 
contrast, our approach, shown in Scheme 1, 
retrosynthetically cleaves the Cmembered ring at three 
locations to furnish three functional units, potentially 
allowing for increased versatility and ef8ciency. 

RESULTS AND DISCUSSION 

Initially, it was thought that the silylated diyne 5 
would provide a suitable starting material for our 
approach. It was anticipated to be readily available by 

silylating di-Zpropynyl ether, and the bulky trimethyl- 
silyl substituents were expected to slow down the rate of 
formation of unwanted side products such as 
cyclobutadiene complexes6 or diyne trimera” 
Moreover, it was hoped that the bissilylpyridine 3, 
formed by cooyclization of S with acetonitrilc, would 
selectively protodasilylate at the 2-position’ to leave 
the 391 pqoition open to. further chemical 
manipulation. Websterhasdeterminedthattherelative 
rates of hydrolysis of 2-MesMCIHfi are @4=) 
Ge:lO-?,Si:l,Sn:22s~orderofreactivityisia 
agreement with that expected for. nucleophilic 
substitution at the metaL 

Examination of the literature indicated that there 
could have been a potential problem associated with 
the cyclixation of 5. Althoughcobaltacyclopentadienes 
have been isolated from silylated l,~heptadiyncs,10 we 
were concerned with the failure of l,&bis(trimethyl- 
silyl)-1,7_octadiyne to cyclize with alkynes to give 
pyridinesl’ Instead this material furnished the 
corresponding cyclobutadiene wmpkx.6b Although 
the rate of cyclobutadiene formation from 5 was 
anticipated to be slower than that of the corresponding 
octadiyne due to the higher degree of strain involved in 
generating a bicyclo[3.2.0] system, it was not clear 
which reaction pathway would predominate. because 
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oxygenated compound via nudcophilic iodide dis- 
p&tccment, With several options avaiiabk for the 
hydroxy&tion, we began to hrplore tbe unknown 
potential of starmyl alkynes in cobaltca~ 
eyclipitiolls. 

Tr@ment of dilithiobis-2.jmpynyl ether with 
trimethylstamyl chIo&le fo+vcd by mpid work-up 
withcoldsaturatadaquaousNft~andhighvacuum 
distillation afforded 6 (52%) (Scheme 1). Only a few 
b~~rne~y~t~yl~~~ arc known, apparently a 
reflection of the high rusceptibiiity of the alkynyl-tin 
bond to cleavage on exposure to light, o%ygen, heat, and 
moisture.26*27 Indead, decomposition of 6 was 
observed before, during, and sfter distillation. The 
instability of 6 necessitated rapid purification 
techniques and immediate use in subsequent cycliz- 
ation reactions. 

Cyclizationof6witbatonitrileinm-xylcnegavethe 
b~t~ethy~~yl~o[3,~Jp~e 4 which was 
rapidly monodeatannylated upon chromatographic 
p~fi~tionto~ordi4~m~~ate~~45%~om~. 
The relatively low yield may be Que to diyne 
decomposition; the cyclixation reaction mixture., 
no~~yofad~r~~lor,t~~~~ 15min 
and much precipitate was observed during work-up. 
Furthermore, it was ncc*lsary to use relatively long(2- 
3 days) reaction times to observe complete disappear- 
ance of starting material. The 3-trimethylstannyl- 
pyridine 14 was also found to be unstable and was used 
immediately in further transformations, 

Attempts at direct hydroxylation of 14 by exposure 
to : (1) BuLi, followed by molecular oxygen, (2) BuLi, 
and subsequently nitrobenzene,20 (3) Pb(OAc), and 
trifluoroacetic acid,13 or (4) BuLi then BQCH,),, 
AcOH and H2021g gave compkx product mixture 
which contained primarily destannylated pyridine IS 
(by ‘H-NMR) and recovered starting material. Since 
this direct approach was not feasible, an iododemetal- 
lation displacement sequence was attempted. 

SnMa~ 
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Following the procedure developed by 

Yamamoto,” 14 was reacted with iod& in CHCl, to 
give 1,3d~ydr~~rne~yf-7-i~o~ro[3,~]p~~ 
(16)inex&lent yieki(v/& Disappoi&gly,treatment 
of the iodide with either (1) BuLi, followed by 0, or (2) 
BuLi then B(OCH,),, AcOH, and H,02 gave starting 
material and 15 as the major products. 

Attempts to displace the iodide with NaOMe in 
HMPA (a method de&loped by TestaferrP for the 
nucleophilic hydroxylation of unactivated aryl 
halides), or NaOMe in DMF, catalyzed by 0.3 equiv of 
cuCl,2* were equauy unsuccessful. It was thought 
possible that the failure of the copper mediated reaction 
was. due to tbe murely c&a&tic amounts of the metal 
employed.3*J’ Cuprous oxide promote8 the reduction 
of aryl halides in the presence of me&oxide relative 
to displ sawent. For example, when bromoacid 17 
(1 equiv) was heated with cuprous iodide (0.3 equiv) 

in c&dine, only the reduction prodti 18 was 
isoti” I ~g~e~o~t~~~w~~to 
1.3equiva&rdedamaximi&yieldof8~~ofthe 
desired substitution product 19: Presumably, traces of 
moisture in the re&tion mixture transform cupric 
chloride to cuprous ox& the latter catalyzing 
reduction.3 i 

Gratifyiagly,wh~16(1~uiv)~rurctadwithCul 
(1.3 equiv) and NaOMe (6 equiv) in collidine with 
careful exclusion of moisture, the 3-methoxypyridine 
derivative 20 was formed in 37% non-optimized yield. 

In addition to characterization by standard 
spectro~pic techniques the structure of 20 was 
verified chemically by comparison to independently 
synthesized 20,jz prepared by dehydration of vitamin 
B, with sulfuric acid to give 3_hy&oxyfur~3,4- 
clpyridine 2 and methylation with methyl iodide. 

Mcthoxy et& 2@ was then converted to vitamin B6 
in 2 steps using the literature procedures :32.33 (1) HBr, 
A ; (2) AgCl, H,O, A. Although our route to the vitamin 
is presently inferior to others, it does provide a valuable 
and potentially general synthetic entry into the 
pyridoxine nucleus and other substituted pyridines 
carryiug a variety of functional groups. It also 
demonstrates the utility of stannyi alkynes in cobalt 
catalyzed cyclizations and their subsequent regioselec- 
tive elaboration. 

CONCLUSION 

The synthetic potential of the Co-catalyxed 
cooligomerization of an a,0-bis(trimethylstannyl)- 
diyne was demonstrated by the novel synthesis of vita- 
min Be The extremely labile tin substitueat was used 
to provide aaxas to derivatives not availabk 
through replacement of the less reactive silicon. 
Although there are di&ulties in handling the unstable 
tin cornpounds, further research efforts which 
concentrate on circumventing this problem (e.g. using 
radical scavengers in the cyclization medium or other 
more stable trialkyl- or triary&annyl groups) should 
enhance the utility of these reagents. 

Noteoddedin~o~Aconaptunllyidenticalstrategy 
to vitamin B6 has been employed by the Hof6nann-La 
Roche group (Basle) and appeared after submission of 
this work.3s 

RXPERIMENTAL 

‘H-NMR spectra were reaxded on a Vsrian EM-390 (90 
MHz) or on home-built 200 and 250 MHz hi@ field Fourier 
Transfwm’ ~~~la~~~~~~~~~ 
1180~tacollaaioas~C~~~c~~~d 
electronics amembied by Mr Rudi Nunlist, staff scientist 
Spectra are mported in 6 rekenad to the solvent’s (CDCl,) 
residual proton pesk wing 6 7.24. “GNMR spztra wem 
measured at 23.14 MHz with a Nicolet TT-23 ~pectrometex or 
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PreC~iD6,refarcnoedtOtht~pCSkOFthCCDCl, 

triplet (77.0 pmn dowzdield from TMS1. IR ,enectra were 
observed od -Perkin-Elms 337 or &ix&lmer 681 
speotrometas, and are reported in cm-‘. Mass spectra and 
ekmental analyses were wormed by tliiz Mass Spectral 
!+~+a and Microanalytical Laboratory of the University of 
California, Berkeley. California On occasion, because of the 
presence of silicon or reactive tin, compktely satisfactory 
ekmental analyses could not be obtained M.ps and bps are 
uncorrected. M.ps were determined on a Thomas-Hoover 
Unimelt apparatus. Column chromatography was carrkd out 
using Alfa aluminum oxide, activated CAMAG, 95 +“/ 60 
mesh to which 6% water had been added (activi~III), orEM 
reagents silica gel 60.70-230 mesh ASTM. Preoarative TLC 
wiperformed& p&s prepared from EM rea&?nts silica gel 
PF-254 with CaSO,*fH,O, using a spinning plate, 
continuous elution system (Chromatotron, Harrison 
Research) under N,. Anhydrous ether was used as received. 
Solvents weredried by distillation from an appropriate drying 
agent under N,. All reactions were cdnducted under N, unless 
otherwise stated. 

3,3-3rs(trimcthylsilyk)di-2-propyr?yl ether (Sj IX-2- 
prouynyletheru(15.166e0.167mol~wasdissolvedin2C0ml 
&s-e&r and co&d to=78” (dry &e/acetone bath). BuLi 
(225.87 ml, 0.339 mol, 1.5 M in hexane) was added via syringe 
andthesolnwaswarmedtoroomtempovhapericdof1.5hr, 
then cooled to -78”. Trimethylsilyl chloride (36.80 g, 0.339 
mol) was added oVar a period of 20 min via a pressure- 
equalizing dropping funnel and the mixture was warmed to 
room temp and stirred for 12 hr. The solution was cookd in an 
ice-water bath, diluted with water, extracted with e&r and 
drkd (MgSG,). Concentration, followed by distillation gave 5 
(37.24 g, 0.156 mol, 94yA: colorkss liquid, b.p. 6ti9.5”, 0.65 
T;‘H-NMB(~MHz,CDCI,)64.2O(s,4H),O.lS(s,18H);IR 
(neat) 2950,2900,2850,2160,1340.1250,1085,995,840,760; 
m/e (rel intensity) 238 @l+, 0.3), 237 (0.7), 223 (a), 207 (8), 200 
(13);!99(65),193(50),165(26),147(18),97(24),73(100);‘“C 
NMR (CD&) d 100.6, 91.4, 56.9, .-0.4; HRMS talc 
(C,,H,,OSi3:238.1209.Found:238.1204.(Found:C,59.64; 
H, 9.28. Calc (C,,Hz,OSi,): C, 60.44; H, 9.29%.) 

1.3 - Dihydro - 6 - methyl - 4,7 - bi.+nethykiiy&im~3,4 - 
c]pyridine (3) and 1.3 - dihydro - 6 - methyl - 7 - 
trimethykilyljiwo[3,4-c&qridine (10). A soln of 5 (3.0 g, 1261 
mmol) and CpCo(CO), (0.057 g, 0.317 mmol) in 15 ml 
deoxygenated m-xylene was added via syringe pump over a 
period of 6 hr to a soln of 60 ml deoxvaenated m-xvlene. 
CH&N (5.16g, 126.05 mmol)and CpCo(t?@,(25 pl) at ;cfl& 
while irradiitina with a 250 W GE-ENH slide oroiector lamb. 

After 18 hr, an a&litional 1504 of CpCa(CO)~*wI;saddal and 
heatingwascontinuedfor 18 hr.Analiquotofthemixture was 
concentrated and the ‘H-NMR spe&um of3 was obtained : 
‘H-NMR (250 MHz, CDCI,) d 5.08 (s, 2H), 5.03 (s, 2H), 2.68 (s, 
3m 0.33 (s, 9H). 0.29 (s, 9H). The soln was cooled to room 
temp, stirred with AllO, (neutral, activity III, 5 g) and 25 ml 
MeGH for 3 hr. then concentrated by rotary evaporation. The 
brown oily residue was dissolved in CH,Cl, and the desired 
product was extracted into 3 N HCl. The aqueous layer was 
washed with CH,Cl,. neutral&l by the slow addition of sat 
aq NaHCO, and extracted with CH&l,. The organic layer 
was drkd (MgSO3, concentrated by rotarv evawration and 
chromato&a~had@iO,, CH&) io afford lO‘(1.78 g, 8.62 
mmol, 68”/,) : dear colorkss oil : ‘H-NMR (250 MHz CDCU 

2-Methyl-3-bro~~o~a[l~~]p~i~ (13). Bromine 
(0.722 g, 4.52 mmol) was added via syringe to a so4 of9 (0.842 
g,4.llnunol)in10mlCHCl,.Thcredsolnwasstirredfor24hr 
then diluted with CH,Cl,, washed with sat aq Na&O,,drkd 
(MgS03 and concentrated by rotary evaporation. The brown 
oil was filtered (SiO,, CH,Cl,) to give 13(0.635 g, 2995 mmol, 
73%) : clear colorla oil ; ‘H-NMR (250 MHz, CDCl,) 6 8.17 
(s, lH), 2.97 (1, J = 7.5.2M. 288 (t. J = 7.5.2l.n. 258 (a 3HL 
2.07 (q, J = i.S,2H); IR (&at) 2&, 2825; 15% 145& i4ti; 
1380,1140,940:m/e(relint&tv~ 212(M+. 651211179L 210 
(60~i33(1),132~26),i31(27),13@7),1i7(28),1ij3(15j.8~(11), 
73 (12), 65 (39), 40 (100); Kugelrohr microdistillation for 
analysis:airtemp130”,0.30T.(Found:C,50.%;H.4.55;Br, 
37.50;N,6.38.Cak(C,H,,BrN):C,50.94;H,4.72;Br,37.74; 
N, 6.60X) 

_. 
6 8.33 (s, IH), 5.03 (s, W), 5.025 (s, 2H), 2.63iq 3H),0.3&9Hj: 
IR (neat) 2950,2880,2820,1575,1540,1414 1250,1050,835; 
m/e(relintensity)207(M+,20),206(86), 192(17),178(8), 162 
(3), 149(69), 135(52), 120(79), 107(60),92(57),84(57)+77(78),73 
(24). 49(1O?);‘“C-NMR(CDCl3 6 161.2,154.9,141.7,131.2, 
125.4.74.1,70.8,26.2,0.8; microdistillation for analysis: oil 
bathtemp90”,0.125T.(Found:C,63.49;H,825;N,6.77.Cak 
(CI,H,,NOSi): C, 63.77; H, 8.21; N, 6.760/,.) 

2 - Merhyi - 3,6. -. &$rimethyrsUyr)cyclopenza[l,2 - 
clpyridine (8) and 2 - methf - 3 - rrimethyrsily&yclopenopentoC1J- 
c]pyrfdine (9). A soln of 7’ (20 g, 8.47 mmol) and CpCo(CO), 

(25 pl) in 13 ml deokygenated m-xykne was added via syringe 
pump over a period of 6 hr to a mixture of CH,CN (3.47 g, 
84.75 mmol) and CpQ(CO), (25. pl) in SO tpl. boiling, 
deoxygenated a-xylene whik irradiating with a 25Q W GE- 
ENH slide projector lamp. After heating for lOhr, thesoln was 
cookd to room temp and the volatiks were removed bi 
vacuum transfer to give the cnide 8 (1.97 g, 7.11 mol, 84%): 
brownoil;‘H-NMR(250MI&CIXZl,)d279(t,J = 7.5,4H), 
2.54 (s, 3H), 1.88 (q, J = 7.5, W), 0.26 (s, ,9H$O.22 (s, 9H). 
Filtrationof8throughA120,@aeic,~~ty~CH,B,)gave 
9(1.32g,6.44mmol, 76/~:colorkasoil; 1HNM@(250MHz, 
CDCl&S8.24(s,lH),289(t,d - 7.4,2H),2.77(t,J = 7.4,2H), 
2.57 (s, 3H), 1.96 (q, J = 7.4,2H), 0.32(&9H); IR(aeat)2990, 
1580,1545,1410,1360,1260,820;m;/e(relintasmity)205(M+, 
21), 191 (la), 190 (lOOA 132 (9), 73 (7). 59 (8), 43 (5); 
microdistillation for analysis: oil bath tem$ 50”. 0.05 T; 
HRMS a& (C,,H,,NSi): 205.1367. Found: 205.1277. __ __ 
(Found: C, 68.87; H. 9.09.; N, 6.30. Calc (C,,H,,NSi): C, 
70.24; H, 9.27 : N. 6.83X.1 

1 (or j) - jfy;tro -’ y (or 1) - 0x0 - 6, - methyl - 7 - 
trimethy~silylfiaoc3.4-c-jpyridine (11). A soln of pb(oA& 
(0.0814 g, 0.183 mmol) in 2 ml dry trifluoroa&ic acid was 
cooled to 0“. Silylpyridine 10 (O.038 g, 0.183 mmol) in 1 ml 
trilluoroacctic acid was added. The mixture. which 
immediately turned light green, was warmed to room temp. 
ARer 3 hr, an aqueous quench of an aliquot showed only 
starting material by TLC and ‘H-NMR An additional 
equivalmt of Pb(OAc),(0.0814g,0.183 mmol) wasadded and 
the soln was heated to reflux for 3 hr. The mixture was diluted 
with C&Cl,, extracted with sat aq NaHCO,, drkd (MgSGA 
and concentrated. Chromatography (SiO,, &&Cl, : a&o&, 
10: 1) gave lactone ll(O.0244 R 0.110 mmoL 60X): colorkas 
oil; ‘H-NMR (250 MHz, cti,) d 9.01 (k ie Go (s, 2% 
2.78 (s, 3H), 0.42 (s, 9H); IR (CHCl,) 295O,288O, 2715.1760, 
l585,157O, 1400,1360,1340,1280,1240.1215,1050,1020,920, 
860,630; m/e (ret intensity) 221 (I#, 36). 207 (la), 206 (lOO), 
178(22),136(15),125(6),107(10),75(17),73(2O);HRMScalc 
(C,,H,,NO,Si): 221.0944. Found: 221.0864. 

This compound was obsarved by ‘H-NMR and TLC in the 
reaction of 10 with m-CPBA and in the decomposition of a 
sampleofl0whichhadbeenstoredunderN~inthe~of 
light. 

1 (or 3) - Hydra - 3 (or 1) - hydroxy - 6 - methyl - 7 - 
trimethy~silylfuro[3,~]p~i~ (12). This compound was 
isolated (SiO,, CH,Cl, : acetone, 4: 1) from a sample of 10 
which had been stored in the presence of tram amounts of 
oxygenfor3days: ‘H-NMR(25OMHz,CDCl,)68.34@, IH), 
6.53 (s, lH), 5.15 (d, J = 13. lH), 4.96 (d, J = 13, lH), 266 (s, 
3H), 0.42 (s, 9H), hydroxyl proton not observed; IR (CHCl,) 
35@&2300 (OH), 1590, 1560, 1414 1380, 1310, 1240, 1150, 
1050,1000,850,730; m/e (rel intensity) 223 (M+. lo), 222 (6), 
209(16),208(100),206(13),191(14),190(79),164(8),162(11), 
148(3), 134(70), 133(7), 121(3),91(8),77(13),75(52),73(15); 
HRMS calc(C,,H,,NO,Si): 223.1020. Found: 223.1030. 

3,3-Bi.s(trimethylstannyl)di-2-propynyl ether (6). BuLi 
(50.638 ml. 0.076 moL 1.5 M in hexanel was added via svrinae 
io a soln of di-2-pro&y1 ether’* (3.4 g, 0.36 mol) in i75 &l 
anhydrousether at - 78”. The cooling bath was removed and 
the mixture was stirred for 1.5 hr then cookd to -78”. 
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Trimcthylrtannyl ,@xide (15.50 g 0.077 md) in 75 ml ether 
~ascareMyad&dviaapreesure-equahzingdroppingfufunnd. 
The solution was warmed to room temp, stirred for 12 hr. 
diluted with cthex and lapidly extracted with cold sat aq 
NH&l. The organic :extracts wem dried (M@& 
concentrated and diatikd into an ia cooled receiver to give 
the highly unstabk diyac 6 (7.898 g, a019 mol. 52%): clear 
colorless oil which rapidly tunu brown a4 hydrolm in the 
presenceoftracesof~lturc,~l~115”,~05T;1H~NMR 
(200MHz,CDCl,)G4.17(s,4H),0.22(s,18H);1R(neat)2990, 
2914 2820,2150,1440,1340,1190,1060, ‘I’IO(C-Sn);m/e(rel 
intensity)molecularionnot obacrved,413(0.3),411(4),409(6), 
407(15),405(19),403(16),401(8),399(3),331(13),329(17),327 
(15),197(12~195(12),169(22),167(18),165(100),163(75~161 
(45), 137(5), 135(21),133(15);‘3GNMR(CDCI,)6 K&91,58, 
-0.4 ; microdistillation for analysis : oil bath temp 160”. 0.025 
T.(Found:C,35.13;H,5.55.Calc(C,,H,,OSn3:36;H, 
5.240/,.) 

1,3 - Dihydro- 6- methyl- 4.7 - bis(trimethyrPtunny&kro[3,4 
c]pyridine (4) and 1,3 - dihydro - 6 - methyl - 7 - 
trimethylst~yl~o[3,~]p~i~ (14). A soIn of freshly 
distilled 6 (3.419.8.13 mmol) and CpCo(CG), (50 4) in 11 ml 
anhydroui, dtoxygenated kxylene w& a&l&J &a syringe 
~~~ov~a~~~iodof4hrtoanhvdrou&H,CN(3.33~81.31 
r 1 . 

mmol) and CpCo(CO), in 50 ml boi&, ‘anh&ous, 
deoxygenated m-xylene while irradiating with a 250 W GE- 
ENH slide projector lamp. The mixture, which turned black 
within2Omin,wasmonitoredusing1H-NMRbyfollowingthe 
disappearance of the diyne absorption for the methylene 
protons at 6 4.17. After 24 hr, CpCo(CO), (100 pl) and 
anhydrous CHsCN (3.33 g, 81.31 mmol) were added. The 
reaction was complete after a total of 48 hr. The solution was 
cooled to room temp and the volatiles were removed by 
vacuum transfer to give crude 4: dark oil; ‘H-NMR (250 
MHz, CDCl,) d 5.06 (s, 2H), 4.99 (s, 2H), 2.64 (s, 3H), 0.35 (s, 
9H),0.33(s,9H);m/e(relintensity)mokcularionnotobserved, 
450(7),448(20),447(11),446(25),443(24),442(10),331(5),329 
(7),i84(13);282(13); 169(19j, 167(25), 165(100), 163(74), 162 
(23), 151 (lo), 150(16), 149(15), 148(17), 137(16), 135(53), 134 
(25),133(42),131(21),121(9~120(19~119(12~118(13),117(7), 
106 (a), 105 (25), 91 (95), 81 (lo), 79 (ll), 69 (25X 55 (19). 
Chromatoaranhv IAI,O,. neutral. activity HI. CH,Cl,) of 4 
afforded &desired &m&und 14il.088 g3.655&01,-&A): 
pale yellow oil; ‘H-NMR (250 MHz. CDCls) 6 8.31 (s, IH), 
5.06(9,2H).4.98@, 2H),26O(s, 3H),0.35@,9H);IR(neat)2980, 
2900,2850,1760,1590,1540,1420,1365,1050,900,770;m/e 
(rel intensity) 299 (21), 298 (M+, 8), 297 (17), 288 (15). 285 (1 l), 
284(100),282(78),280(48),269(11),267(11),254(31),252(27), 
250(17), 165(100), 149(18),135(24), 134(24),120(15), 106(12), 
77 (16) ; microdistillation for analysis : oil bath temp 140°, 0.05 
T; HRMS talc (C,,H,,NOSn): 297.0327. Found: 297.0367. 
(Found: C, 46.03; H, 5.74; N, 4.91. Calc(C,,H,,NOSn): C, 
44.34; H, 5.71; N, 4.70”/,.) 

l,E~ihydro-6-methyl-7-iodofuroC3,~]p~~~~(l~.Iodine 
(0.1143 g, 0.450 mmol) was added to a solution of 14 (0.134 g, 
0.450 mmol) in 15 ml CHCI,. The reaction flask was wrapped 
in aluminum foil to exclude light. The soln was stirred at room 
temp for 18 hr. diluted with CHQ, then washed with sat aq 
Na&O, and sat aq KF (to remove the trimethylstannyl 
iodideL2* The dark brown soln was dried Ma,SO,). 
concentrated and chromatographed on SiO, (&,dl,) G 
alford 16 (90.1 mg, 0.444 m&l, 990/ : color&s, vi&& oil ; 
‘H-NMRc250 MHzCDtX 6 8.25(s. lH1.5.241br s.2H). 4.93 
(t, J = 2,2&, 2.70(s;3H); lti (CHCi,j 29&, 2880, lj95,‘i390, 
1265, 1140,1050,900.810; m/e (rel intensity) 261 (M+, 100). 
260 (30), 234 (3), 233 (39), 232 (23), 205 (12). 149 (13), 133 (lo), 
107 (lo), 106 (67). 105 (24), 104 (22), 77 (40), 71 (19), 57 (28); 
HRMS talc (CsHsINO): 260.%23. Found: 260.9653. 

1,3-DihydrcF6-methyl-7-~t~x~o[3,4c (20). 
Sodium(O.058 g, 2.528 mmol) was added in one portion to 1 ml 
MeGH. Whendissolutionwascomplete,freshlydistilled2,4,C 
collidine (3 ml) was added, followed by vacuum-dried cuprous 
iodide (0.104 g, 0.548 mmol) in 3 ml collidine, and iodide 16 
(0.110 g, 0.421 mmol). The mixture was heated to reflux for 16 

hr, then cooled to room temp, &ted with CH$&, extracted 
with sat aq NH&H and dried @Ia&),). The collidinc was 
removed by vacuum &an&r and tl~! brown residue was 

chromatographed (SiQ,, C&Cl, : aatoaq 5 : 1) to give Xl 
(0.025g,0.l52mmol,36~~:colorlemoil;1H-NMR(25OMHz, 
CDCl,) 6 8.05 (s, lH), 5.23(t, J = 2,2H), 5.06(br s, 2m 3.82(s, 
3H), 2.47 (s, 3H); IR (neat) 2980,2955,2924 7.840,1610,1570, 
1450,1390,1340,1270,1~ 1050,915,ooO;m/e(relintensity) 
165(M+, 100),164(31), 149(2), 137(12), 136(34), 134(25), 122 
(37),121(12),107(21),106(30),94(15~79(13~77(11~65(13),51 
(43). 

Vit~minB,hydrochloride(1).Compound20(10.0mg,0.0606 
mmol) was dissolved in 2 ml 48% HBr and heated for 2 hr. The 
mixture was conantrated by rotary evaporation to give crude 
2-methvl-3-hvdroxv-4,5-bis@romomethyl)pyine hydro- 
brom& (17.7 mg, b.0471 &ol, 78%). Thii compound was 
converted to vitamin B, hydrochloride’2*33 by boiling in 2 ml 
H,O for 20 min. and then removing bromide ion with fnshly 
prepared A& The solution was filtered, the filtrate 
evaporated to dryness, then dissolved in 0.02 ml Hz0 in 1 ml 
EtOH. The addition of0.5 ml acetone precipitated vitamin B, 
hydrochloride (6.5 mg, 0.032 mmol, 680/.) : colorless, powdery 
crystals,m.p.209-210”(dec),nodepressiononadmixturcofan 
authentic sample of the vitamin. 
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