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pH effect was observed with tetrahydroaminopterin in 
the absence of formaldehyde. Thus removal or migra- 
tion of formaldehyde does not account for the increased 
inhibition at  lower pH. 

Peaks A’, B’, A, and B showed no inhibition of 
Escherichia coli thymidylate synthetase when tested a t  
10-5 Ill either at pH 9.0 or 7.4. This result was un- 
expected because dl-L-tetrahydroaminopterin inhibits 
this enzyme 50% at the same c ~ n c e n t r a t i o n . ~ ~  Further 
investigation revealed that reaction of cll-L-tetrahydro- 
aminopterin with 0.1 formaldehyde abolished in- 
hibition. Details of the interaction of formaldehyde 
with tetrahydroaminopterin will be reported separately. 

Recovery of Diastereoisomers.-Data on the re- 
covery of diastereoisomers based on absorption a t  295 
mp is shown in Table IV. We have consistently ob- 
served with tetrahydroaminopterin derivatives that 
peak B is smaller than peak A. With tetrahydrofolate, 
the diastereoisomers mere present in equal amounts ab 
observed earlier.4a 

TABLE I V  
I~ECOVERI’ O F  DIISTEREOISO~~ERS AFTER CHROM1TOGRAPHY 

% of total eluted absorbing material (295 nip) 
7-- in each fraction - 

Peak Tetrahydrofolate Tetrahydroaminopterin 

A‘ a 9 
€5’ 1 12 
A 4 3 43 
u 4 .i 86 

Recovery of tetraliy[lrogteridine 
--added to  colunin, yo- 
60 40 

The ratio of formaldehyde to tetrahydropteridine of 
about 0.75 observed for peaks A and B shows that they 
cannot be pure 5,lO-methylene compounds since there 
are four tetrahydropteridine molecules for every three 
molecules of CHZO. These peaks may contain 50% 

tetrahydropteridines linked intermolecularly between 
the 5 positions (or between the 5 and 10 or 5 and 8 
positions) giving a ratio of 0.5, plus 50% which are in- 
tramolecular 5,lO-methylene compounds having a 
ratio of 1. The extent to which these complexes dis- 
sociate under various assay conditions is not known. 

Experimental Section 
Reduced Pteridines.-Tetrahydrofolic acid and tetrahydro- 

aminopterin were synthesized by reduction in AcOH.7 The 
analysis of tetrahydroaminopterin prepared in this manner has 
been reported.3b 

5,10-Methylene Derivatives of Tetrahydr0pteridines.-The 
method described by Kaufmaii, et al . , k  was followed except for 
minor modifications. Tetrahydropteridirie (10 mg, 22 pmoles:I 
was added to 1 ml of acetate buffer, pH 5 .5 ,  containing 50 pmolek: 
of CH20-14C (33 pCi/pmole), and the solution was brought to pH 
7.0 with 1 

The 2.2 X 25 cm column was prepared by washing with 0.5 AY 
KOH until the washings were colorless, with H2O until the effluent, 
was neutral, with 1 1. of 0.4 X KaHCO3 buffer, pH 9.5, and finally 
with 1 1. of 4 X M HCOB-, p H  9.5. The water-jacketed 
column was kept a t  0”. The compounds were eluted with a, 
HCOa- gradient. Five-milliliter portions were collected and the 
concentrations of folate derivatives were estimated by the ab- 
sorbancy a t  295 mp using a value of 28,000 for the extinction 
coefficient at  this wavelength. 

Radioactivity Measurement.-Radioactivity was determined 
in a Packard Tri-Carb liquid scintillation spectrophotometer 
Series 314 E with dioxane-anisole-dimethoxyethane (6: 1 : 1)  
containing 1.2C6 of 2,5-diphenyloxazole and 0.05% of 1,4-bis-2- 
(3-phenyloxazoly1)benzenes as counting fluid. Aliquots (20 r l )  
were added to 15 ml of scintillation fluid. The absence of querich- 
iiig was determined with internal 14C-toli~ene standards. 

Assays.-The enzymatic and microbiological assays were 
carried out as de~cribed.~b79 

Determination of D-GIutamic Acid.-Tetrahydroaminoptelin 
was hydrolyzed by autoclaving for 3 hr in 3 aV HCl in a sealed 
tube. Glutamate was isolated by Dowex 50 chromatography 
and assayed for D-glutamate.6 

KOH and immediately added to a DEAE column. 

(7) B. L. O’Dell, S. XI. Vandenbelt, E.  S. Bloom, and J. J. Pfiffner, J .  Am.  

(8) J .  D .  Davidson and P. Feigelson, Intern. J .  A p p l .  Radzalion I s o t o p e s ,  

(9) S. B. Horivitz and R. L. Kisliuk, J .  M e d .  Chem., 11, 9Oi (1968). 
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A series of 2-aryl-2-n-pyridyl- and 2-aryl-2-cu-piperidyl-1,3-dioxanes have been prepared and evaluated for 
The most active members, 2-aryl-2-a-piperidyl-5,.j-diphen)-l derivatives, were twice antiinflammatory activity. 

as potent as phenylbutazone. 

The interest in obtaining a nonsteroidal antiinflam- certain 2-aryl-2-a-pyridyl- and 2-aryl-2-a-piperidyl- 
matory agent is indicated by the amount of research 1,3-dioxanes3 (11-IS7) possess activity in the anti- 
that has been carried out in this area during the last few inflammatory4 area. The present paper reports on 
years.2 I n  our laboratories we have found that the synthesis and antiinflammatory activity of some 

analogs of 11-IV. 
(1) To whom inquiries should be addressed. 
(2) T. Y. Shen in “.lnnual Reports in Aledicinal Chemistry, 1966,” C. K. 

Cain, Ed., Academic Press, S e w  York, ?i. Y . ,  1966, pp 217-2213: R. -4. 
Scherrer in “Annual Reports in IIedicinal Chemistry. 1965.” C. K. Cain, 
Ed.,  Academic Press. New Tork ,  S. Y., 1965, pp 224-232; M. W, White- 
house, Progr. Drug Rea., 8 ,  321 (1965); International Symposium on S o n -  
Steroidal Anti-Inflammatory Drugs, Milan, Sept 1964, s. Garattini and 
11. N .  Dukes, Ed., Excerpta Medica Foundation, New York, N. Y., 1965; 
Alistracts of the  9th National Medicinal Chemistry Symposium of tlle 
American Chemical Society, Minneapolis, Minn., June  1964, p 11. 

Y 

Chemistry.-The preparation of the 1,3-dioxanes 
reported in this work 71-as accomplished by the proce- 

(3) Arabic numerals refer to  compounds described also in the  tables, while 
Roman numerals refer to  compounds mentioned only in the  text. 

(4) T h e  closely related 2-Rl-2-Rt4- and -5-u-piperidyl-1,3-dioxanes have 
recently been reported to possess antiinflammatory, antispasmodic, local 
anesthetic, and preferential ganglionic hlocking activity: W. R. Hardic, 
U. S. Patent 3,266,289 (1966); Chem. Abstr., 66, i190 (1966). 



I .  R = H ,  C1. OCH, 
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R,, RL = H, alkyl, aryl 

I1 

1 tCH,l,SO, 
2. H, PtO. I 

I11 IV, R3 = CH3, CH,CO 

dures giveii i i i  Chart I .  'l'he p~~rid\l-l,3-diosaiies (11) 
\yere obtained by condensing a 2-aroylpyridinc ivith 
:t 1,X-diol in the presence of 1.38 molar equiv of p -  
toluenesulfonic acid. If the acid-ketone rutio \$-:is 
reduced to  less than 1 molar equiv. considerably lonei, 
yiclds of I1 wire obtained. Whcii peritaerythritrol 
(V) \ w s  treated with L'-herizoylpyr.idiiic~, the spiiu 
conipouiid 7 was d s o  obtained together n-ith the desired 
1,:kiioxarie 6. Thc piperidyl-l:3-diox;niieS (111) \vert% 

I. R = H +  

C6H5 C5H,N-a \ 
6 

7 

i)rcp:ircd hy hydrogcriatiiig :I,II acvtic ticid solutioti of 11 
in the presence of I'tO?. S--\Iethylpiperidyl-l~:~- 
clioximes (IV, 11 = CH:J \vc're ohtaiiied from the 
hydrogenation of the tnethply~yricliriiuni :indogs of IT. 
;\cylation of 111 to give IV (I<:{ = COCH,) could tw 
c!ffectccl by a11 acetic aIihydride-pyridine mixtiire. 

The deriv:ttives of 11-IV where li, # R? (5,  7, 9, 18, 
20, 22) tire c:tpablc of cxistiiip ;is (*is or timaris isomers. 
rh> gcornctrical orieiit;atiori i i i  tliwc compouiids ha. 
iiot been determilied. 

Two  rinir features of 1 L I Y  :ire worthy of mention. 
The  geui-dimethyl" signals in 15-17 are foutid as two 
:3 H singlets separated by 0.66. 0.62, arid 0.72 ppm. 
iespcctively. This unusually large6 separation does 
not occur in the  geni-dimethyl-substituted compounds 

( 5 )  K. S. Bliacca and I ). 11. \\~illiarns, ".\pplications of NlZIK Spectroscopy 
in Oraanic  C'hemistry." Holden-Day. Inc.. San Francisco. Calif., 1961. 
( ' i ini)t  er i. 

(6) .\ddiii(iwdI exampirx 0 1  larger ueni-iIirnctli\'l signal sel.'aration ('an I ? ( .  
lunnd in 1'. S, \\ 'Iiar~<in am1 T. I. Rair. .I.  Or(,. Cliem., 30, 1881 (1965); I ) .  S. 
'Va r l~~ l l ,  I ) .  .\, f3ucklrj, 1'. 1'. 13ronnlt.e, I < .  TI1olnn>, a ~ c l  .I. S. ' ru<ld, ~ l , ~ , l . ,  

29, : $ ; { I 1  ~l'llill. 
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No.  

14 
15 
15b 
15c 
16 
l i  
18 
l Y  

20 

21 
22 

2Sa 
23b 
23c 
24 
25 

26 

T I B L E  11 
A~I I INELIUMITOKY D I I  i O N  

2 - h I  L-~-a-PIPERIDYL1,3-DIOX4NEb (111 aiid 1v) 
Carrageenan foot 

edemaa EDsa. 
R RI R R3 mg kg 

H H  H H 60 
H CHI CH3 H 20 
H CH3 CH3 CH, > 50 
H CH3 CH3 COCH, 45 
C1 CH3 CH3 H 5 0 
OCH3 CH3 CH3 H > 50 
H CH, XH, H > 50 
H CHTOH CH9OH H > 50 

50 

r i  
13 
H 
H 
H 
1% 
H 
H 

H I% 

40 
>50 

I5 
15 
15 
15 

50 

i 5  

7 . 5  

Ahpirill 90 
Phenylhutazoiie 30 

See footnote a in Table I. LL),o = 137 niglkg ip, m o w ;  
LL),, = 300 mg/kg PO, rat. 

per  se. I t  was ineffective in the mouse writhing testg 
and bradykinin bronchoconstriction in guinea pigs. lo 

Further development of 23 as a potential anti- 
inflammatory agent was terminated because the 
substance was found to produce microconcretions in 
the corticomedullary area of rat kidneys. l 1  

Experimental SectionI2 
The yields, melting poiuts, and analyses for compounds 1-26 

are given in Table 111. 
1,3-Diol Synthesis.-2,2-Diphenyl-1,3-propanediol was pre- 

pared by the procedure of Burr13 and 9,9-bis( hydroxymethy1)- 
fluorene by the procedure of Ghera and S p r i n ~ a k . 1 ~  The other 
diols were obtained from commercial sources. 

2-Aryl-2-~-pyridyl-1,3-dioxanes (11), listed in Table I, were 
prepared by the following procedure. To a flask equipped with 
a lkan-Stark water separator was added 0.30 mol of 2-aroyl- 
pyridine, 0.33 mol of ]+diol, 0.66 mol of p-toluenesulfonic acid, 
and 500 ml of toluene. The mixture was stirred and refluxed 
until the level of t,he HPO layer in the Dean-Stark tube remained 
(#onstant (20-36 hr). The toluene was removed in vacuo on a 
rotary evaporator arid the residue was made alkaline with 500 
ml of 2 .V SaOH.  The resultant solid was filtered off and crys- 
tallized from an appropriate solvent with charcoal treatment if 
iiecessary. 
2-Aryl-2-a-piperidyI-l,3-dioxanes (111), listed in Table I1 

(exrept 15b and 15c), were prepared by the following procedure. 
A mixture of 2-aryl-2-a-pyridyl-l,3-dioxane (0.05 mol), Pt ,02 

(9) E. Siegmund, R.  Cadmus, and G. Lu, Proc. Soc. EsptI .  Bid .  M e d . ,  95,  

(10) H. Konzett and R.  Rossler, Arch. Ezptl. Pathol. Pharmacal., 195, 71 
(1940). 

(11) -4 detailed s tudy will be forthcoming by H. Hardtmann, H. Bchwarz, 
E. I. Takesue, and R.  Van Ryzin. 

(12) Melting points were determined in a Thomas-Hoover capillary melt- 
ing point apparatus and have not been corrected. Pmr  spectra were ob- 
tained 011 a Varian Associates A-60 spectrometer and are  recorded in parts 
ver million ( 6 )  from an internal .\IerSi standard. I r  spectra (KBr)  were de- 
termined using a Perkin-Elmer Infracord. The  optical rotations were mea- 
sured in a Zeiss photoelectric polarimeter. 

729 (1957). 

(13) .J. G. Burr, J .  A m .  Chem. Soc., 7 3 ,  5170 (1Y51). 
(14) E. Ghera and T. Sprinzak, i h i d . ,  82, -1945 (1960). 

TABLE I11 
YIELDS, AIELTISC: P U I N T S ,  h S D  A4S.ILYSI;S UF 1,&l)IUX.ISES 

Yield, Crystn 
No. yo blp, 'C solvent Formula .inalyses' 
1 i 3  120-121 u CljHisNO? C , H , N , O  
2 83 90-91 u Ci:HIgNO? C, H, N, 0 
3 43 201-203 b C?rH?&l?;OsS C, H ,  C1, N ,  0. S 
4 5 i  78-80 c CiaHnX03 C, H, s, 0 
5 21 159-160 h ClsHitiNrOa C ,  H,  N 
6 15 131-132 d CliHidiO4 C, H. N, 0 

8 41 99-101 u C I Y H ~ N O ?  C. H ,  N 
9 28 119-120 a CxHiuPiO:! C, H, N. 0 

10 15 128-130 c CnH&O. C ,  H, X ,  0 
11 6T 250-252 e CriH?sNO: C. H ,  N ,  0 
l l a  92 221-222 a CruHrgN06S C ,  H, N. 0, S 
12 . .  . 291-292 ti C:!iHxNOa C, H. 0 
13 36 205-206 b CY-HnNO: C, H, N ,  0 
14 72 94-96 b CiSHnNO? C .  H, E, 0 
15 69 115-116 f Ci;HraNO? C, H, 0 
1.5, 89 228-231 (1 CliH:tiCINO: C ,  H. CI, 0 
15b 36 61-63 c CiaHriN02 C, H ,  N. 0 
15, 69 89-90 0 C i ~ H n N 0 a  C. H. N ,  0 
16 64 282-283 I L  CiiH?aCINOr C, H. CI, N ,  0 
17 75 223-224 IL CisHzaClNOI C .  H, N 

19 68 174-175 h Ci;HrsSOa C, H, N 
20 82 215-217 I t  C?~HasN201 C, H, pi, 0 
21 48 230-231 u CliiHaoClNO? C, H, X 
22 68 251-252 f CxHxClNO? C .  H. CI, S ,  0 
23 80 201-203 e C?;H?QNO? C, H. N ,  0 
23a Y2 254-255 11 CnHmClNO? C. H ,  N. CI 
23b . . . 198-200 e CnH?9N02 c. H, N 
23c . . . 198-200 e Cn;HrpXOr C, H. N 
24 . . . 163-159 c C?iH>sCINO? C, H ,  CI, N, 0 
25 . . . 280-285 dec h C 2 i H d 0 3  C ,  H 
26 87 218-220 h C n H ~ i N 0 2  C ,  H, S ,  0 

7 12 91-93 c ~ ~ H ~ ~ N ~ o ~  c. n, N ,  o 

18 43 125-127 C16H?4N20? C, H, N ,  0 

a NeOH. CC14-MeOH. CCl,-pentaiie. C&6. e Tolu- 
ene. Peritarie-toluene. Q Pentane. h l\leOH-H20. 7 Where 
analyses are indicated by the 
analytical results obtained for t h  
of the calculated values. 

bols of the elemelit3 0 1 1 1  

lements were withiii +0.4 

(0.2 g), and AcOH (150 ml) were hydrogenated at 3.5 kg,'cniP 
at, room temperature until the desired 3 equiv of H2 had been 
taken up. The catalyst was filtered o f f  and the filtrate was con- 
centrated in uacuo on a rotary evaporafor. The residue was 
treated with 30% KOH until the aqueous phase had pH 9-10. 
I t  was extracted with CH&, dried (NazSOd), filtered, arid coii- 
centrated in vacuo. The product, was then either crystallized 
from an appropriate solvent or converted to the HC1 salt. iii 
T H F  solution. 

2,5,5-TriphenyI-2-( a-N-methylpyridinium)-l,3-dioxane Meth- 
osulfate (lla).-A soliltion of 11 (6.0 g, 0.013 mol), .\IerSOI 
(2 .5 g, 0.02 mol), and CH,Cl, (150 ml) was stirred aiid refluxed 
for 36 hr. After cooling to room temperature, EtyO (100 ml) 
was added. The resultant, solid was filtered off and crystallized 
from i-PrOH to give 7.7 g (97'3) of l l a .  

5,5-Diphenyl-2-pheny1-2-( a-N-methylpiperidyl)-1,3-dioxane 
(15b).-A solution of 5,3-dimethyl-2-phenyl-2-a-pyridyl-1,3- 
dioxane (33.8 g, 0.20 mol), ?.IePS04 (37.8 g, 0.30 mol), and 730 nil 
of Et20 was stirred and refluxed for 28 hr. On cooling to room 
temperature an oil separated out. This 5,3-dimethyl-2-pheiiyl- 
2-(a-N-met.hylpyridinium)-l,3-dioxane methosulfate was coil- 

verted to 15b by hydrogenation (PtO2) as given above. 
5,5-Dimethyl-2-pheny1-2-( a-N-acetylpyridyl )-I ,3-dioxane 

(15c).--A solution of 15 (4.2 g, 0.015 mol), AcCl (1.6 g, 0.02 mol), 
and anhydrous pyridine (10 nil) was stirred a t  room temperat,ure 
for 1.5 hr. The solvent was removed in vacuo aiid the rexidue 
was treated with HPO. The resultant solid was crystallized from 
pentane to give 15c. 

Resolution of 2-a-Piperidyl-2,5,5-triphenyl-l,3-dioxane (23 ).- 
A mixt,ure of 23 (43.0 g, 0.11 mole), D-t,artaric acid (16.3 g, 0.11 
mol), and anhydrous RIeOH (2000 ml) was stirred and refluxed 
for 6 hr. The clear solution was cooled to room temperature, 
concentrated in vacuo to about 260 ml, and then treated with 
1000 ml of HPO. After 2 hr a t  room temperature the resultant 
solid Tu'as filtered off to give 33.4 g of 23.bitartrate, nip 218-220"; 
liberated base iri 95yc EtOH gave [ a I z 4 3 ; 6  1 4 . 7 "  (1 dm, c 3.22) 
and filtrate A that was used below. The solid (33.4 g)  was dis- 
solved in refluxiirg RIeOH (1000 nil) arid then concentrated l o  
about 500 rill. On standing a t  roo111 temperature there war 



obtained 24.2 g of 23,bitartrate, inp 209-210"; liberated base, 
[ a I z a 5 i 6  0' (1 dm, c 2.96). This material was dissolved in reflux- 
iiig hIeOH-H20 (1: 1, 400 nil) and then allowed to stand for i 
h r  a t  rooin temperature. The resultarit solid was filtered oif 
and the filtrate was concentrated in m " o  to about 100 nil. The 
solid was filtered OH' to give 9.; g o f  ( -  j-23.bitartratme, Inp 21 I - -  
213'; liberated base, [cyIz4546 -11.6" ( 1  dm, cY.Ol), in11 198-200", 
A n d .  ( C I ~ ~ H ~ ~ S O I ) :  C, 13, K, 0. 

Filtrate A f r o m  above was coiicent.riited in t~ctcii,o t,o aboiit 
one-fourth the original volume and the resultant solid was fil- 
tered off to give 19.8 g of 23.bit,artrate, nip 216-218": liberated 
base. i o l 1 2 h  i-2.0 (1 dni. c 2.9.:). The solid was dissolved i ~ i  

stand about l b  hr a t  room teriipe~atuic. 
I: of 23 bitartrate, nip 213-215'. liberated base, [ L Y ] ~ ~ , ~ G  t-l 7" 
I I c lm ,  c 2 .83)  This i n a t e i d  wab then recrvstallized t \ v i w  f i o n r  
AIeOll f l l C )  ( 1  1, 2 nil) tn givr '17 g of i$-J-23 bitaitr:it(>, 
mp 209-212" irhe1 

Filt 

I . _  

refluxing 

The Alkylation and Acylation of B10H9NH3- 

The reactioii of 2-HloI19Kl13- with ethylene oxide prodtired 113SB,olI;(CII,CII,01-I h --, heveral . za l t i  : i i i d  

derivatives of which were prepared. Treatmelit of 2-BloHp?JH3- wit,h Sa11 followed by the, :idditioii of et hyl 
a-chloroacetate produced BloR,NH(Cf12COOC2Ha)?-, which was subseqriently reduced to HloTI,?;IT(Cf I K f l r -  
OB),-. Benzoylatiori of 2-BloH,?iH,- was found to give the K-substituted in preferelice tlJ the B-srihstitritcd 
dei,ivative. Prelimiri biological resiilta reveal that. whereas the 5-p-hydroxycthyl derivative is iiot i i i c ~ i i . -  

porated iiito brain, m e, or t r x "  tissues the B-8-hydroxyethyl derivative and its pho>phatc e.ter :il)peai' t o  be 
stxongly bound to tumor tissues and give very favorable tumor-blood boron raf ius. 

The lo\v toxicity of polyhedral borane3 arid their 
tlerivatir-e-* has stimulated a renewed ititereit in the B'O 
neutron capture therapy of brain tumors.5 The d i ~  
cowry that these boranes can be rcadily subitituted 
n i th  a riuniber of organic groups6 opened up :i search 
for convenient "handles" for the incorporation of thew 
boron-rich ions into tumor<. The sedrch I S  .till on, 
-inre with few exception.' the derivatives prepared YI 

f:ir arc' either too toxic or itre not \electively incorpor- 
at ecl into tumor. in adequate c,oiic.ciitrstioiis for ther- 
:ipy.' 

IVc decided to  begin :iii iiive.tigatioi1 of re:wtioIih 
n hich woulcl eiiablc (15 to build up "handles" 011 thc 
tmroii cage coritainiiig a biochemical ratioiixle for their 
iticwrporation into neoplahm. stepn i5e hyntheticx 
hcbheme wis chosen with functional groups as cloic t o  
the cage as possible thereby eliminating intervening 
atom> which do riot contribute to  the biological activity 
of the organic side chain. hddition:iIly the boron per- 
wiit:igc>i of thew cwmpoiiiid- \\ ould he high. l'hc 

1 1 )  ' l ' l i r .  clieinical ~ o r k  nas ~ u p g o r i r d  1,s a g ran t  f rom t h e  U .  s. I'ulilic 
I leal t l i  S e x i c e  ((',\-0i3!45). 

( 2 )  TIIP I,iolugiral uork  ,,-as snpgorteri 11s. erants from the  L;. S. I'ulilir 
llealth Service ((3.i-07368 and SB-0.1812) and tlie U. S. Atomic Energy 
<'ornmiasion i.iT-(30-1)-3267). 

( 3 )  To whom enquiries regarding the  chemical asgects of this work should 
he addressed a t  the  Department of Chemistry, Tufts Gniversity. Medford, 
Mass. 02158. 

(4) A.  H. Soloway, R. I.. Wright, and J. R. Messer, J .  Pharmacal. Ezptl. 
Therr ip . ,  197, 268 (1Y61). 

( 5 )  A .  13. Soloway in "Progress in Boron Chemistry," -1. L. McCloskes 
and I f .  Steinlierg. Ed., Pergamon Press Inc., 3-ew \ ~ i x k ,  N. Y., 1964, pi> 
203-!2:i4, 

( 6 )  \V. I I .  I<nutli, I T .  C'. >Idler, 1). C'. 1;ngIr" G. W. l'ar.~hsIl, and !i. I . .  
.\Iiit,ttrrties, . I .  .tm. Chem. S u r . ,  84, 1026 ~ l W Y 2 j .  

1 7 )  .I, 11. Sulon.ay, 11.  Hatanaka, and 11. -1. l jav i s ,  . I .  .lied. C'heni., 10, 
;I & ( I O t i T ) .  

1 8 )  E'. Ilaalinger. .I. 1%. dolo\\ay,  and L) Butler. [bid., 9 ,  38 (l'J6ti). 

choice of BI0H9SH,- :i\ :i 3t:irtirig poitit \v:i> motivated 
not only by the fart th,it it off'er3 :L cnhoicac> of t\vo ro- 
:ictive uiteh, the nitrogen arid the ciigc, but tha t  i t .  
chemistry has riot tleeii even superficially explorcd. 
Allq-latioii and acylatioii reavtion.: were the firit 1 o he 
examined since they w n  provide the >tarting pointh 111 

the .yiithe.eh of  derivative. having t he bor:inca :it- 
tached to the hydroc~arbon bac*libone of the organic 
molecaule. Of cwurse, otily alkylation.: \There tlie othcr 
crid of the r:irbon cahaiii h:td :i funrtioiitil group ('apablc 
of undergoing additional rc:ic'tioiib 15 ere explored. 

Results and Discussion 

Heactions. -'l'hc! priiicipal react iotis discussed i l l  

this paper are represented i i i  Scheme I. 
The alkylation with ethylene oxide provides :inot,tier 

example of the aromat,ir chnructer of the polyhedrttl 
since it' apparently resembles ail nriulogous rv- 

IVh;it' i h  somewhat surprisitig 
is the  fact that iio detecntnble :imount of S-substituted 
pimlucat w:is isolated, dcsipite the  weal;ly widics na tuw 
of the SH3+ protons which (':in be esrhaiiged for dcu- 
terium in D20. Also the iiit,rogeri can be easily niethyl- 
ated with l\le2Y0j.g The :icidic medium ,+hould not 
have been R hindranre either, since tindogous alliyla- 
tion of primary amines occurs readily in acidic media." 
However, as we have shown in this work under basic 
conditions acylation occurs almost, exclusively at the 
nitrogen. In the absence of the XH3+ group the cage 
is readily heiizoy1:itcd rveii without :t Priedel-Crnft;.: 

11 with beiizeric.'" 
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